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Introduction
Measures of sleep quality and quantity can provide valuable insights into the health and wellbeing of an individual. Traditionally, sleep assessments are performed in the clinic/hospital
setting using polysomnography tests. Recent advances in wearable sensor technology have
enabled objective assessment of sleep at home. Actigraphy has been widely used for this
purpose and several algorithms have been published in the literature over the years. However,
implementation of these algorithms is not widely available, which creates a barrier for wider
adoption of wearable devices in clinical research.
SleepPy is an open source python package incorporating several published algorithms in a
modular framework and providing a suite of measures for the assessment of sleep quantity
and quality. The package can process multi-day streams of raw accelerometer data (X, Y
& Z) from wrist-worn wearable devices to produce sleep reports and visualizations for each
recording day (24-hour period). The reports are formatted to facilitate statistical analysis
of sleep measures. Visualization acts as a quick debugging tool, provides insights into sleep
patterns of individual subjects and can be used for presentation of data to diverse audiences.

Processing Pipeline
SleepPy has been developed with the goal of making it easy for researchers to derive measures
of sleep from accelerometer data collected during daily life. While it currently provides outof-the-box support for data files generated by the GeneActiv wrist-worn devices, it can be
easily extended to support data files generated by other wrist-worn wearable devices. The
package can work with both GeneActiv .bin files, as well as raw .csv outputs generated by
GeneActiv’s software. Each .bin file needs to be manually processed with the GeneActiv
software to generate a .csv file. So while it takes longer for SleepPy to process .bin files, it
is highly advisable to do so for large datasets.
SleepPy follows seven steps when processing data:
1. Split data by day: Load raw accelerometer data from input file and split it into 24-hour
segments (noon to noon).
2. Derive activity index (Bai et al., 2016): Calculate activity index for each 1 minute epoch
of the day.
3. Perform off-body detection (Hees et al., 2014),(Van Hees et al., 2015),(Hees et al.,
2019): Run off-body detection algorithm and generate a label (on or off body) for each
15 minute epoch of the day.
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4. Identify major rest period (Hees et al., 2018): Estimate the major rest period (i.e. sleep
window) for each day.
5. Perform sleep/wake classification (Cole, Kripke, Gruen, Mullaney, & Gillin, 1992): Run
sleep/wake classification algorithm to generate sleep/wake labels for each 1 minute
epoch of the day.
6. Calculate sleep measures: Calculate sleep measures based on sleep/wake states only
during the major rest period for each day.
7. Generate reports and visualizations: Create a set of tables and charts for analysis and
presentation of processed outputs and sleep measures for each day.

Outputs
The user has access to all intermediate data, a table of sleep measures, and two kinds of visual
reports.

Figure 1: Visual report showing various raw and processed data streams

Data Streams Report
Raw and processed data streams generated at each stage of the processing pipeline are visualized in this report for each day (24 hour period, noon to noon). As shown in Figure 1, the
report includes a source file name, number of the day in the sequence of days provided, start
date of the data being shown, and a table of all calculated sleep measures for that day. Below
the table are plots of raw and processed data streams.
The plots are laid out as follows:
1. XYZ: The first chart is a plot of the raw tri-axial accelerometer signals (X, Y, and Z).
2. Activity index: The second chart is a plot of minute-by-minute activity index values,
which reflect the intensity of activity for each minute.
3. Arm-angle: The third chart is a plot of the arm-angle over 24 hours, this data stream
is used to determine the major rest period.
4. Wake: The fourth chart represents sleep/wake classification for the entire day. However,
sleep measures are computed during the major rest period only.
5. Rest periods: The fifth chart is a plot of all rest periods detected by the algorithm. Only
the longest rest period (i.e. major rest period) is used for calculating sleep measures.
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6. On-body: The sixth chart is a plot of all periods identified by the on-body detection
algorithm (without filtering or re-scoring).
7. On-body (re-scored): The seventh chart is a plot of the on-body periods after re-scoring
has been applied.

Sleep Measures Report
Sleep measures derived from the sleep/wake classifications for each day are provided in a table
as well as a visual report (Figure 2).

Figure 2: Visual report showing a plot of sleep measures across all days.

Sleep measures table (.csv file) contains the following sleep measures for each night:
1. Total sleep time (minutes): Total time spent asleep during the major rest period.
2. Percent time asleep (%): Percentage of the major rest period spent in the sleep state.
3. Wake after sleep onset (WASO, minutes): The amount of time spent awake after the
first sleep state.
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4. Sleep onset latency (SOL, minutes): The time it took for the subject to fall asleep.
5. Number of wake bouts: The number of times the subject transitioned from sleep to
wake, after the first sleep state.

Availability
The software is available as a pip installable package, as well as on GitHub at: https://github.
com/elyiorgos/sleeppy
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