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Abstract

Wearable activity monitors are now widely used in behavioral and epidemiological studies to
measure physical activity in free-living conditions. Despite the widespread use in research, the
development of software to explore the data collected from these devices has been limited. We
present acc, a comprehensive, free, and open-source R package to provide a seamless environment
for exploring accelerometer data (https://cran.r-project.org/web/packages/acc). In this article, we
demonstrate the software for processing, visualizing, and analyzing accelerometer data using real
and simulated datasets.
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Introduction

Accelerometers are wearable devices used to collect real-time physical activity data in
free-living conditions. The devices have been used in clinical and observational studies

to complement the traditional survey-based measures of physical activity [1-3]. The R
package acc is designed to be a comprehensive software for (i) importing and processing, (ii)
visualizing, (iii) simulating, and (iv) summarizing both uni-axial and tri-axial accelerometer
data. The following code can be used to install the R package acc.

R> install.packages(“acc”)

2. The structure of accelerometer data

In accelerometers, activity intensities are recorded in a continuous manner with a
corresponding time stamp. Two types of data can be extracted from accelerometers.

2.1. Activity counts data

The activity count is a measure of activity intensity that can be extracted from Actigraph
(ActiGraph, LLC, Pensacola, FL, USA) devices. The activity counts quantify activity
intensities over short periods of time (e.g., one minute). The value of activity counts ranges
from zero to infinity and can be translated into meaningful physical activity categories.

2.2. Raw acceleration data

More recently, physical activity monitors include a high-resolution tri-axial acceleration
sensor. These sensors can log human motion in three orthogonal directions in sub-second
resolution. For example, the UK Biobank [10] collected 7-day physical activity for 100,000
individuals in real-life conditions using a tri-axial accelerometer (AX3; Axivity LTD,
Newcastle, UK) which logged activity in units of gravitational constant g (9.8 m/s?) every
hundredth of a second.

3. Simulating epoch-level data

We provide two functions to simulate accelerometer data. First, the function simAcc
generates activity intensity data for any epoch size (e.g., per minute). Second, the function
simPA generates daily minutes of physical activity with realistic missing data patterns. We
highlight the usage of the two functions in the following sections.
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3.1. Simulating epoch-level data

Epoch level data can be generated from a hidden Markov model. Activity intensities are
simulated from multiple latent states (e.g., (i) non-wear, (ii) sedentary activity, and (iii)
moderate to vigorous physical activity (MVVPA)). Each of the underlying latent states are
assumed to have a normal distribution with mean yg;and standard deviation o. The user
provides the means and the standard deviations for the underlying activity states, as well

as a transition matrix for probability of change from one state to the other. Below is an
example using the function simAcc to simulate activity counts data with three activity states:
(i) non-wear, (ii) sedentary, and (iii) MVPA.

R> library(acc)

R> # Specifying the transition probability matrix (tpm) for change from one state to the
other

R> tpm <- matrix(c(0.95,0.04,0.01,0.09,0.9,0.01,0.1,0.2,0.7), byrow="TRUE’, nrow=3)
R> # Simulating minute-level data for one day (24 hrs.) using the tpm specified above

R> sim <- simAcc(timelength=(60*24), tpm=tpm,

+ epoch="1 min”, seedset=33,

+ startDate=1SOdate(2017,1,1,hour=0),

+ endDate=1SOdate(2017,1,2,hour=0),

+ mu=c(0,30,2500), sigma=c(0,30,1000))

We also provide three default settings to generate epoch level data. The user can choose
between MVPA levels of ‘low’, “moderate’, or ‘high’, to conveniently simulate data using
pre-specified parameters (see Appendix 1 or the package manual for details).

3.2. Simulating day level data

Day level data, such as minutes of physical activity per day, can be generated from a
non-homogeneous Poisson process. This formulation allows us to simulate realistic physical
activity monitoring data over multiple days with missing data. Using the function simPA, the
user provides the maximum and minimum number of observation days (i.e., using options
minday and maxday). Data can be generated from two scenarios when: (i) missing data
patterns are independent of the physical activity process (type=‘noninf”), and (ii) missing
data patterns are dependent on the physical activity process (type=‘inf’). This is indicated

by the argument type. Below is an example of generating data from scenario (i) for a single
individual (n=1), over 7 scheduled observation days.

R> # Example generating data for one individual with non-informative missing data

R> simDays <- simPA(n=1, type=‘noninf’, minday=6, maxday=7)
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Details of using functions simAcc and simPA to simulate epoch and day level physical
activity data can be found in Appendix 1 and in the package manual.

4. Processing accelerometer data

4.1.

4.2.

The R package acc provides functions to import and process both uni-axial and tri-axial
accelerometer data. We highlight the usage of the functions in the following sections.

Functions to read activity counts data

The R package acc can read activity counts from various filetypes (e.g., .agd, .csv, or .dat)
using the function readCounts. The user specifies the file name and path to the function.

R> accDatal <- readCounts(“C:/mydata.agd”)

In addition, the import function can be performed in a batch mode to read multiple files of a
certain file type in a folder using the function readCountsBatch (see Appendix 2).

Data processing procedure for activity counts data

The procedure for accelerometer data processing can be outlined as the following [2-5].

1 First, observations suspected to be non-human signals (i.e., ‘spurious
observations’) are identified and replaced with missing data indicators. Spurious
observations are defined as a single non-zero epoch bordered before and after
consecutive zero epochs (e.g., 60 min) [6].

2. Second, non-spurious observations are classified as either wear or non-wear
time [6-9]. Common definitions of non-wear time classify extensive consecutive
1-minute zero epochs (e.g., at least 60 min) to be considered as non-wear time.

3. Third, types of physical activity are identified in pre-defined bouts, among the
wear time. For instance, moderate to vigorous physical activities are defined
based on published cut-points (e.g., 1952 for moderate-vigorous physical activity
by [10]). In other words, consecutive 1-minute epochs that persist (e.g., = 1952)
for at least the pre-specified bout size (e.g., ten minutes) and allowance (e.qg.,
allowance of up to two epochs below the cut-point inside the pre-specified bout
size), are considered to be bouts of moderate to vigorous physical activity.

4, Fourth, total wear time and minutes of activity (sum of the number of epochs in
bouts) are summarized by day [2-4].

The data processing rules can be applied using the function accSummary. Data processing
can be also performed in a batch mode, to obtain physical activity summaries for multiple
individuals using function accBatch. Details of the input parameters as well as the sample
output from our functions accSummary and accBatch can be found in Appendix 2. We
provide a working example with simulated data. Data are simulated using the function
simAcc to generate minute-level activity counts for seven consecutive days. Then we use
function acc to process the data.

R> # Generating data for three activity states: (i) non-wear, (ii) sedentary, (iii) MVPA
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R> tpm <- matrix(c(0.95,0.04,0.01, 0.09,0.9,0.01, 0.1,0.2,0.7), byrow="TRUE’, nrow=3)
R> mu <- ¢(0, 30, 2500)
R> sigma <- ¢(0, 30, 1000)
R> simData <- simAcc(timelength=60*24*7, tpm=tpm, mu=mu, sigma=sigma)

R> summary1l <- acc(data=simData, spuriousDef=60,

+ patype=c(‘Sedentary’,"MVPA’),
+ pacut=c(c(0,99),c(1952,Inf)),

+ boutsize=c(10,10),

+ tolerance=c(‘FALSE’,"TRUE”))

5. Visualizing accelerometer data

6.

Data visualization is an important component for exploratory analysis and data cleaning.
Accelerometer data can be visualized in the R package acc: using function plotAcc to
visualize physical activity levels across the entire day (Fig. 1, panel a), using function
racePlot to visualize daily activity minutes (Fig. 1, panel b), and using function visGroup

to generate physical activity summaries using boxplots (Fig. 1, panel ¢) or heatmap (Fig. 1,
panel d). Full details of the function usage and input parameters are provided in Appendix 3
and in the package manual.

Impact overview

Despite the widespread use of accelerometers in research to measure physical activity in
free living conditions, development of software to explore the data collected from these
devices has been limited. Unique contributions of our R package include: (i) functions to
process various types of accelerometry data (e.g., activity counts, raw accelerometer data),
(ii) functions to simulate realistic accelerometer data, and (iii) extensive data visualization
options.

The functions in R package acc has been used extensively in a publication [11] to
demonstrate the performance of a new methodology to account for irregular accelerometer
wear time [6-9]. Details of the methodology is described in Appendix 4 and in the
publication [11].

Furthermore, some of the key functions in the acc package were written in the C++ language
for efficiency. The computational speed gain by writing function in the C++ language

was substantial. Data processing speed for our package acc is illustrated in Appendix 5,

with sample code to further expedite the implementation using parallel processing. Such
efficiency would benefit any users tasked with processing a large accelerometer data.
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We believe that our open-source R package acc will be useful to: (i) researchers who

have collected accelerometer data for their own study, (ii) researchers working with public
data sources to study physical activity behavior in the population, or (iii) anyone who is
interested in developing methodology or software for wearable sensor data.

7. Limitations and future research directions

Recently, there has been increased interest in utilizing wearable sensors in clinical trials to
derive clinical endpoints [12]. One of the major challenges in deriving clinical endpoints
from wearable physical activity monitors has been associated with addressing missing data
arising from the nature of collecting data in free-living conditions [12]. Several studies have
investigated the methods to handle missingness in physical activity data measured using
wearable sensors, for the purpose of deriving clinical endpoints [13,14].

Currently, the R package acc does not include functionalities to perform missing data
imputation. Future version of the R package acc can consider including a comprehensive
functionality to address missing data in accelerometer measured physical activity data to
support development of valid and reliable clinical endpoints.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Accelerometer data visualization available in the R package acc.
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