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Abstract. In this paper, we introduce some of the tools that the MIT House_n Consortium has built for 
ubiquitous computing research. We describe the design and operation of the PlaceLab, a new live-in 
laboratory for the study of ubiquitous technologies in home settings. Volunteer research participants 
individually live in the PlaceLab for days or weeks at a time, treating it as a temporary home. Meanwhile, 
sensing devices integrated into the fabric of the architecture record a detailed description of their activities. 
The facility generates sensor and observational datasets that can be used for research in ubiquitous 
computing and are made available online to researchers. We also briefly introduce MITes (MIT 
Environmental Sensors), a flexible kit of wireless sensing devices for pervasive computing research in 
natural settings. The sensors have been optimized for ease of use, ease of installation, affordability, and 
robustness to environmental conditions in complex spaces such as homes.  

1   Introduction 

Hello everyone, my name is Emmanuel Munguia Tapia. I am a Ph.D student at the MIT 
Media Lab and a research assistant with the MIT House_n Consortium. House_n is a 
multi-disciplinary project lead by researchers at the MIT Department of Architecture. 
Participants include other departments at MIT, industrial sponsors such as Intel Research, 
and academic collaborators such as the Boston Medical Center and Stanford Medical.  
 
Today I will talk about one of our research motivations: The health care crisis. I will also 
present an overview of our current research and talk about tools that we have developed 
for ubiquitous computing research such as the PlaceLab living laboratory and a portable 
kit of sensors called MITes for data collection in natural environments .  
 
Lets start by taking a look at some statistics from the U.S 2000 population census. The 
census found that (1) Nearly 1 in 5 U.S. residents suffers some kind of disability (2) 
Approximately 40% of people 65 and older have a disability and (3) Over 20% require 
continuous monitoring and help performing activities of daily living (ADLs). Activities 
of daily living are the primary daily personal care activities that are necessary for people 
to be able to live independently, such as eating, getting in and out of bed, using the toilet, 
bathing or showering, dressing, using the telephone, shopping, preparing meals, 
housekeeping, doing laundry, and managing medications. To make things worse, the 
situation is expected to deteriorate as the first wave of Baby Boomers, those born 
between 1946 and 1964 when birth rates rose sharply, reaches retirement age by 2010. In 
fact, the census predicts that in 2030, nearly one out of two households will include 



someone who needs help performing basic activities of daily living. These are alarming 
statistics for which we have to prepare in the near future. 
 
So, one of the top priorities of House_n is to increase the time that people remain healthy, 
independent and safe in the comfort of their homes. Another important goal is to develop 
novel context-sensitive applications to be built and piloted in existing homes 
 
Towards this effort, we have identified at least three levels of health care interventions. 
These are in increasing order of difficulty and importance: (1) Responding to a crisis. 
This requires a few good sensors such as blood pressure and heart rate monitors, and 
trained medical staff to take care of the situation. (2) Early warning of emerging 
problems. This requires ubiquitous sensors and activity recognition algorithms to detect 
changes in behavior that might be early indicators of developing medical conditions. For 
example, an activity recognition system that is able to keep a log of the daily activities 
performed by an elder could identify that he is no longer able to clean the kitchen. The 
same system could also detect that somebody shows early simptoms of dementia by 
recognizing that the elder is performing repetitive actions. Finally and most challenging 
(3) proactively keeping people healthy. This requires ubiquitous sensors and 
communication capabilities such as ‘pixels in place’ to encourage healthy behavior such 
as a good diet, periodic exercise, and medication adherence. 

2   House_n Reseach in Proactive Health 

Current work by House_n in proactive health in our group includes the recognition of 
activities such as eating meals, sleeping, taking medications, cleaning and cooking 
(among others) from simple sensors installed in the environment as well as those that are 
worn on the body, such as accelerometers and heart rate monitors. We occasionally use 
other sensors such as people-location tags, auditory and optical sensors. Our group tries 
to avoid the use of cameras and microphones to recognize activities for three reasons: 
firstly, microphones and cameras may be perceived as invasive by some people. 
Secondly, the signal interpretation is extremely difficult, and it depends on the sensor 
placement (increasing installation difficulty). Finally, activity recognition from cameras 
and microphones is severely degraded by environmental factors such as auditory noise 
and changes in illumination and may not work robustly in everyday environments. Most 
applications using these sensors have not yet been extensively tested in real homes. Given 
that one of our main goals is to develop technology that works in real everyday 
environments, I would like to present an overview of the living laboratory that we have 
built for ubiquitous computing research. This lab is a home where researchers can study 
people and technologies in in a setting more realistic than a typical lab.  
 



 

 

3 The PlaceLab Living Laboratory and MITes: MIT Environmental Sensors 

The PlaceLab is a new live-in laboratory for the study of ubiquitous technologies in home 
settings. Volunteer research participants individually live in the PlaceLab for days or 
weeks at a time, treating it as a temporary home. Meanwhile, sensing devices integrated 
into the fabric of the architecture record a detailed description of their activities. The 
facility generates sensor and observational datasets that can be used for research in 
ubiquitous computing and other fields where domestic contexts impact behavior. The 
PlaceLab is not a facility to show off “new technology” or demonstrations.  The goal of 
the PlaceLab is to run different research studies and collect rich datasets of typical 
people. Our design goals were to build it so that data could be reliably detected from 
multiple types of sensors embedded in the architecture. We also wanted to be able to add 
and remove sensors easily as our experimental needs changed.  
 
Why did we create another live-in laboratory when there are some already built, such as 
Georgia Tech Aware Home (Abowd, Mynatt, and others), UVA’s Smart Home Monitor 
(Alwan), the Smart House (Matsouoka), the Welfare Techno House (Suzuki), the Philips 
HomeLab, and sleep laboratories to mention some?  
 
Well, this is because the PlaceLab combines the following unique characteristics: (1) A 
unified, extensible, multi-modal, and truly ubiquitous sensor and observational 
infrastructure, (2) a design for shared data generation/distribution and collaboration, (3) 
its sensors are integrated into the architectural aesthetic 
and  (4) it is a genuine live-in laboratory. 
 
In order to develop and test context-aware technologies at home, three key challenges 
(among others) need to be overcome: (1) The need for complex, naturalistic 
environments because simulated behavior is overly simplistic. (2) The need for 
comprehensive sensing, because activity occurs throughout the environment. Finally, (3) 
The need for labeled training datasets. Many context-recognition algorithms need labeled 
example data and annotation is required for their evaluation.  
 
Ideally researchers would like to develop an idea in the lab and then test the idea in a 
large in-home study in many homes. The PlaceLab fills a gap by allowing researchers to 
test their technologies early in the process and generating pilot data that may suggest 
design requirements, design opportunities, and issues for further investigation. These 
insights may help researchers develop a more robust prototype before large in-home 
studies are run. The PlaceLab can be used to complement traditional forms of studying 
behavior such as surveys and interviews, experience sampling, direct observation and the 
deployment of portable kits of sensors in real homes. 
 



I will now provide an overview of the PlaceLab sensing infrastructure. The PlaceLab is a 
lower floor unit of a full service condominium building. The facility is a 1000 sq. ft. 
apartment that consists of a living room, dining area, kitchen, small office, bedroom, full 
bath and half bath. The PlaceLab is designed to look like a normal apartment were the 
most obvious technology is a standard TV located in the living room. The interior 
conditions of the apartment are captured using distributed temperature (34), humidity 
(10), light (5), and barometric pressure (1) sensors. The PlaceLab also features electrical 
current sensors (37), water flow (11) and gas flow (2) sensors.  
 
The sensors blend into the aesthetics of the environment. That is, they are easy to ignore 
(as we were told by some of the participants in our study who have stayed in the 
PlaceLab). All of the observational sensing is built directly into the cabinetry. The 
cabinetry has been designed with channels for the sensor bus, making it easy to distribute 
sensors throughout the environment. The channels hinge open, allowing easy access for 
maintenance and sensor additions/upgrades (right). Adding a sensor simply requires 
adding a splitter in a channel and plugging in the device.   
 
Currently 125 wireless object movement sensor are installed on objects such as chairs, 
tables, appliances, brooms, remote controls, large containers, and other objects people 
may manipulate.  The installation of the sensors is simple. Just stick the sensor to the 
surface of the object with sticky material (such as putty) and forget about it. The 
installation takes between 5-60 seconds. The temperature and light sensors have also the 
same form factor that is a little bigger than an American quarter coin. We call these 
sensors MITes: MIT Environmental Sensors. These are a flexible kit of wireless sensing 
devices for pervasive computing research in natural settings. The sensors have been 
optimized for ease of use, ease of installation, affordability, and robustness to 
environmental conditions in complex spaces such as homes. The kit includes six 
environmental sensors: movement, movement tuned for object-usage-detection, light, 
temperature, proximity, and current sensing in electric appliances. The kit also includes 
five wearable sensors: onbody acceleration, heart rate, ultra-violet radiation exposure, 
RFID reader wristband, and location beacons.  
 
The sensors are easy to install and also easy to hide in most locations. Installing a sensor 
in a drawer just requires placing the sensor inside it. Previous research developed at 
House_n has shown that it is possible to recognize activities from observing the 
interaction of people with objects in the environment. The idea is to “train” computers to 
recognize a person’s activity or current state based on a pattern ofobjects the person 
interacts with. For example, in a simplistic scenario, the computer could detect that you 
are making a phone call whenever you touch or move your phone. 
 
In our prior work, recognition accuracies range from 25%-89% depending on the 
evaluation methodology utilized. For instance, just to mention some concrete examples, 
we have that the accuracy for some activities such as Bathing is 87%, for Grooming is 
89% and Preparing breakfast is 45% when the evaluation measure is activity detected at 
least once during the real occurrence of the activity. For example, from data collected 



from homes of volunteers for toileting activities, we can observe that during a toileting 
event, a person activates the light switch, exhaust fan, toilet flush and door among others.  
 
Participants in the PlaceLab can wear up to three wireless 3-axis, 0-10 G accelerometers 
that measure limb motion. A wireless heart rate monitor (using a standard Polar chest 
strap) can also be worn. Five receivers spread throughout the apartment collect all 
wireless object motion, accelerometer, and heart rate data sent via the MITes wireless 
sensors. Previous research at House_n has shown that it is possible to recognize 20 
different human activities from 5 sensors worn at: the right hip, the dominant wrist, the 
non-dominant upper arm, the dominant ankle, and non-dominant thigh with accuracies 
ranging from 41.4 to 89.7% where for 90% of the activities (18 out of 20) the accuracy is 
over 70%. 
 
The participants can also label their activities using surveys that prompt on the phone 
(asking about activities, mood and other states of mind, etc.). The applications running on 
the phone can also respond to the PlaceLab sensors. For example, the phone can prompt a 
message and ask the user what are they doing whenever the person interacts with a 
variety of objects.  
 
This is an example of the data acquired using the PlaceLab sensing infrastructure as 
visualized by one of our software tools. The onbody acceleration is shown in the lower 
right part of the screen and the environmental sensors at the top part of the figure. 
 
Nine infrared cameras, 9 color cameras, and 18 microphones are distributed throughout 
the apartment in cabinet components and above working surfaces, such as the office desk 
and kitchen counters. Eighteen computers use image-processing algorithms to select the 4 
video streams and 1 audio stream that may best capture an occupant’s behavior, based on 
motion and the camera layout in the environment. Two other computers synchronize the 
audio-visual data streams with the other sensor data and save all data to a single portable 
disk drive. 
 
The PlaceLab has several kilometers of digital and electrical wiring embedded in the 
walls and all this wiring goes to the control “closet” were the processing computers are 
located. In order to run an experiment at the PlaceLab we recruit a participant  from 
outside of our research group to reside at the PlaceLab for multiple days or weeks. 
During the study, the sensor data is saved to a portable disk and participants have 
minimal interaction with researchers. At the end of a stay, the data is collected, annotated 
for items of interest and made available to the researchers. This is an example of one of 
the flyers we use to recruit study participants, inviting them to “Teach MIT Researchers 
about Your Everyday Life”.  

4 Conclusions 

In summary, the PlaceLab is a live-in residential home laboratory developed for health 
and ubiquitous computing research. Unlike prior facilities, the home has a truly 
ubiquitous, synchronized, and multi-modal sensor infrastructure built non-obtrusively 



into the architecture. The lab can be used as a hypothesis generation and testing facility 
and can help projects transition from laboratory testing to larger-n, in-home studies with 
portable sensors. We think of the facility as a shared resource and invite researchers from 
outside of our group to use datasets that we place on the web in their own research. We 
are not presenting a vision of what the home of the future would be, but this type of 
research facility can help the research community study and learn how sensor 
technologies could be used to provide new applications and services in the future.  
 


