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Abstract

Looking into the future of residential and office building Mitsubishi Electric Research Labs
(MERL) has been collecting motion sensor data from a network of over 200 sensors for a year.
The data is the residual traces of year in the life of a research laboratory. It contains interesting
spatio-temporal structure ranging all the way from the seconds of individuals walking down
hallways, the minutes in the lobbies chatting with colleagues, the hours of dozens of people
attending talks and meetings, the days and weeks that drive the patterns of life, to the
months and seasons with their ebb and flow of visiting employees. This document describes
that dataset, which contains well over 30 million raw motion records, spanning a calendar year
and two floors of our research laboratory, as well as calendar, weather, and some intermediate
analytic results. The dataset was originally released as part of the 2007 Workshop on Massive
Datasets. The dataset can be obtained from http://www.merl.com/wmd.
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July 2, 2007: MERL released a year-long dataset from our lab-wide sensor network to provide the
community with a rich benchmark for work on perceptual problems in sensor networks. The occa-
sion for the release was the 2007 ICMI Workshop on Massive Datasets.

November 12, 2007: ICMI Workshop on Massive Datasets is held in Nagoya. Japan. A copy of
this reference manual is published in the workshop proceedings in the ACM Digital Library



1 Purpose

Are the tools we use to understand our data scalable to the tens of millions of
records, huge spans of time, minute details of behavior, and large geographic
extent that future sensor networks will generate? In the future buildings will be
studded with sensors. Every movement will generate a few bits of data. Every
fluctuation in temperature will be recorded. Every deviation in lighting will be
noticed. These large and complex datasets will challenge the tools we use today.

Looking into the future of residential and office building Mitsubishi Electric
Research Labs (MERL) has been collecting motion sensor data from a network
of over 200 sensors for a year. The data is the residual traces of year in the life of
a research laboratory. It contains interesting spatio-temporal structure ranging
all the way from the seconds of individuals walking down hallways, the minutes
in lobbies chatting with colleagues, the hours of dozens of people attending talks
and meetings, the days and weeks that drive the patterns of life, to the months
and seasons with their ebb and flow of visiting employees.

The dataset contains well over 30 million raw motion records, spanning a
calendar year and two floors of our research laboratory. As such it presents a
significant challenge for behavior analysis, search, manipulation and visualiza-
tion of the data. We have also prepared accompanying analytics such as partial
tracks and behavior detections, as well as map data and anonymous calendar
data marking the pattern of meetings, vacations and holidays.

MERL released this dataset to the community in July of 2007. The release
was a central component of the 2007 Workshop on Massive Datasets, an attempt
to focus the community on the important and interesting perceptual, visualiza-
tion and data mining problems associated with these types of sensor networks.
We hope the community will use the data to further research on analytic, visu-
alization, and interface techniques in the context of the huge, detailed datasets
of the near future.

2 Obtaining the Data

At the time of this writing, the dataset is hosted by the Mitsubishi Electric
Research Laboratories in Cambridge, Massachusetts, USA. The entire dataset
is approximately 600M B and is available via FTP. Details on data set access
can be found on the 2007 Workshop for Massive Datasets web page: http:
//www.merl.com/wmd.

3 Requirements

In return for the right to use this resource in your research, we ask that you cite
this report[23] in all publications that derive from your work on this data set.
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Figure 1: A snapshot of the motion data, bright blocks are sensors that have
fired recently, with fading indicating older activations.

4 Data Description
The dataset is comprised of several segments:
e raw motion data
e calibration data
e calendar data
e solar and weather data
e intermediate track analytics

The section contains detailed descriptions of each of these subsets.

4.1 Raw Motion Data

The primary data stream is the output of the motion detector network. The
sensors are ceiling mounted at approximately two meter intervals along hallways
and in grids covering public spaces such as lobbies and meeting rooms. There
are no sensors in individual offices. The sensors are installed with the intention
of covering the floor area completely with little or no overlap between sensor
fields of view. The ceiling height varies, but is approximately three meters in
most areas. Figure 1 shows the tiled arrangement of the sensors and a snapshot
of motion activity.
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Figure 2: The hardware implementation of a motion detector node. Left: early
MITes-based version, Right: An ultra-low-power, standards-based prototype.

The sensors use the MITes platform[15] for processing and communication
coupled to a modified KC7783R. sensor board. Two versions of the hardware
are shown in Figure 2. The MITes-based node used to collect the data in this
release is pictured on the left. The re-engineered node on the right is used in new
installations and it features an 802.15.4 radio, a modular design, and ultra-low
power consumption for drastically extended battery life.

The MITes employ an unreliable network protocol that does not contain
checksum information. As a result packets are sometimes lost, duplicated, or
garbled. An attempt has been made to filter out the duplicated and garbled
packets. However it is certain that there are packets missing from in the data
and any analysis should take that into account. The loss rate is low, but is
difficult to measure since it depends on the network load.

The sensor boards are the type commonly found in motion activated lighting
fixtures and security sensors. They are passive infrared motion detectors. They
work by sensing light emitted in the far-infrared by warm objects and signal on
high-frequency changes in the scene at those frequencies. They were modified
to reduce their adaption rate from minutes to seconds. Since the timing of the
detections depends on the analog characteristics of the circuit, the minimum
inter-detection time varies, but is observed to typically be around 1.5 seconds.

The raw data is available as compressed ASCII text files in five parts:

0114.txt.gz Mar 21 23:00:25 2006 — Jun 11 00:26:40 2006
0115.txt.gz Jun 11 00:26:40 2006 — Oct 4 18:13:20 2006
0116.txt.gz Oct 4 18:13:20 2006 — Jan 28 11:00:00 2007
0117.txt.gz Jan 28 11:00:00 2007 — May 24 05:46:40 2007
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Figure 3: The floor plan of the experimental area. Offices are mostly on the
outside of the building. The areas observed by sensors (shaded) are hallways,
lobbies, and meeting rooms.

0118.txt.gz May 24 05:46:40 2007 — Jul 2 15:41:50 2007

The filename refers to the high-order bits of the timestamps on the data
contained in each file.
The files contain data like this:

470 01179980510828 01179980511853 1.0
469 01179980512169 01179980513193 1.0
467 01179980513580 01179980514609 1.0
468 01179980514573 01179980515598 1.0

The first element is the sensor identification number. The second and third
numbers are the timestamps of the beginning of the event. The fourth number
is a meaningless place holder value.

The map in Figure 3 depicts the test area. Executives and administrators
occupy the wing on the right right side of the eighth floor map. Researchers
occupy the bottom and left wings, and most of the 7th floor. The central core
of the building contains restrooms, lobbies, elevators, and on the eighth floor,
the mail room and the kitchen. There are several stairwells that connect the
floors.

We have been collecting data at this facility since October of 2005. Data
from the entire area depicted on that map has been continuously recorded since
March 2006. The system generates approximately two million motion detections
per month.
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4.1.1 Time

The data is timestamped with the number of milliseconds since the epoch: Jan-
uary 1, 1970 UTC. Like the windows system clock, this number becomes larger
than 232 after 50 days, on February 19, 1970, so you must take care to use 64-bit
integer representations when manipulating timestamps:

e __int64 or long long in C
e use bignum in PERL

e java.math.BiglInteger in Java

4.1.2 Senor Geometry and the Map

Each sensor ID corresponds to a unique sensor. The sensors IDs are associated
with physical space in the file map.txt. This file contains one row per sensors
with the sensor ID followed by eight coordinates that specify the four corners
of a quadrilateral in meters:

sid,x1,y1,x2,y2,x3,y3,x4,y4
214,-13.3,23.1,-13.3,25.3,-15.5,25.3,-15.5,23.
222,-13.3,20.9,-13.3,23.1,-15.5,23.1,-15.5,20.
256,-15.5,8.3,-15.5,10.5,-17.7,10.5,-17.7,8.3
257,-13.3,8.3,-13.3,10.5,-15.5,10.5,-15.5,8.3

The resulting spatial distribution of sensors is illustrated in the image map . png.

A map of the space that provides context for the sensors can be found in
floor_plan.pdf. The exact relationship between the sensors and this floor
plan is encoded in the Scalable Vector Graphics file floor_plan.svg The ob-
ject named “globalframe” is a one meter square located at the origin in sensor
coordinates, and as such it may be used to derive the coordinate transform
between map coordinates and sensor coordinates.

4.2 Calendar Data

The calendar data is extracted from the MERL corporate calendar and provides
both temporal and spatial context for the sensor data. We have included data
on holidays, the number of people officially out of the office on a given day,
times and locations of meetings, dates of fire alarms in the building, and the
daylight savings time shifts. The file CALENDAR.txt contains more detailed
information as well as pointers to individual data files. The datafile are typically
two columns: start and end timestamps for each event, one event per row. If the
least significant digits of a timestamp are zero, that indicates that the event is
only specified down to the granularity of the non-zero portion of the timestamp,
so 1143824400000 indicates that the timestamp is only know to the nearest
100000ms, or approximately to the minute.
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4.3 Solar and Weather Data

The file WEATHER. txt contains pointers to sunrise and sunset times as well as
daily weather summaries from the National Climactic Data Center.

The file sun.txt is list of the sun rise and sun set time on the given date.
These times are given in standard time, so the daylight savings time shift is not
represented in this data.

The file clouds. txt contains data on temperatures, precipitation type,barometric
pressure, visibility, and wind speeds, It is taken directly from the NCDC, and
the file format is explained in detail in the file WEATHER. txt.

4.4 Intermediate Track Analytics

It is not possible to recover complete tracks of people moving around the space
using only motion detectors due to the data association problem. The sensors
do not provide enough information to recover from ambiguities. It is possible
to flawlessly track the movements of an individual if they are the only person in
the space. In this case there will never be an ambiguity about which person is
causing a particular sensor activation, because there is only a single person: the
data association problem thus becomes trivially degenerate. As soon as a two
individuals pass near each other an ambiguity arises: two individuals enter an
ambiguity and two leave, but there is no way to distinguish one from the other.

Instead of representing each possible hypothetical labeling as a distinct el-
ement in our database we instead record the transitions that we are sure of
and link them together at points of ambiguities to form a directed graph. This
graph will contain the true track as a subgraph, but also contains all alternative,
consistent hypothetical tracks as well.

The tracklets could be regenerated from the raw motion data, but we include
our interpretation of the tracklet graph for convenience. The representation of
tracklet graph is explained in detail in the file TRACKLETS. txt.

5 Data Management

We store our data in a database to facilitate efficient access and search. Most
of the data files are formatted to be read directly into a database, specifically
MySQL version 5. The *.sql files are examples of creating tables, loading data,
and performing example queries. It is not necessary to use a database, most of
the files will also load into Matlab or can be read easily into custom software.
Beware however, that the dataset is sizable.

6 Bibliography
Below is a list of relevant references into the liturature. This is not intended

as an exhaustive bibliography, but containes references to our work with this
dataset, and pointers into the liturature to related work on motion sensors,
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cameras networks, sensor networks generally, privacy, social networks, and the
perception of activity.
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