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Summary: Depression is a major health issue for the elderly. Depression is often unrecognized and untreated. It also leads to many other medical problems because of reduced social interactions, less personal hygiene, increased alcohol use, and ignoring medication for current medical conditions. The main goal of this proposed work is to deploy a wireless sensor network as part of a smart living facility that can detect the signs of depression early and provide information about the effectiveness of any treatment. The system will also provide information, encouragement and reminders for the resident to potentially help avoid or mitigate depression. The deployment will take place at Branchlands, a friendly, safe, independent living rental community for people 55 and over located in Charlottesville, Virginia. The end result will be improved quality of life and possible improvement of other medical conditions and problems caused by or related to the depression. The product produced is an integrated set of sensors, communications devices, computers and software that delivers the above capabilities. 
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1.0 The Problem

Depression is a major health issue for the elderly. It affects over 19 million American men and women each year, many of whom are elderly.  Depression is often unrecognized and untreated. Depression also leads to many other medical problems because of reduced social interactions, less personal hygiene, increased alcohol use, and ignoring medication for current medical conditions. Further, the difficulty in recognizing depression will be exacerbated as technology enables the elderly to age in the home.  It is important to recognize and treat depression as early as possible. 

2.0 The Goals


The main goal of this proposed work is to deploy a wireless sensor network as part of a smart home (or apartment in a continuous care retirement community) that can detect the signs of depression early and provide information about the effectiveness of any treatment. Early detection should also make treatment more effective. Once treatment begins, its effectiveness can be monitored. Treatment and even avoidance support for depression will include information, encouragement and reminders for the resident to potentially help mitigate the depression. The end result will be improved quality of life and possible improvement of other medical conditions and problems caused by or related to the depression. The product produced is an integrated set of sensors, communications devices, computers and software that delivers the above capabilities. 
3.0 The Team and Location
The team includes Professor Stankovic of Computer Science and several of his graduate students. This group has built a laboratory based smart home for medical monitoring.The medical expertise will be provided by  xxxx
             xxx Gerontology  (I am working on this; hope to find someone)
Branchlands will be deployment site for system development and evaluation.  Branchlands is a friendly, safe, independent living rental community for people 55 and over located in Charlottesville, Virginia. This deployment has been approved by Sue Lieberman, Director of Branchlands.
4.0 Research Plan

A wireless sensor network will be deployed to monitor physical, behavioral and emotional states of residents. Changes in these states will be identified and concerns raised when common symptoms of depression are detected. For example, the following conditions will be monitored:
· Sleep disturbances-insomnia (restlessness)
· Oversleeping or too little sleeping
· Differences in sleep periods

· Changes in eating 

· Changes in movement about the home

· Reduction in social activities and hobbies

· Reduction in personal hygiene

· Crying episodes

These activities will be monitored to create a user profile. Significant changes will be identified. These significant differences will raise concerns to a caregiver. Once treatment begins similar monitoring can determine the effectiveness of the treatment, i.e., if daily activities return to normal or are improving. Our current AlarmNet testbed has these capabilities and we plan on moving a replica of this laboratory testbed into the Branchlands retirement community.
We will also extend our current capabilities to provide information, encouragement and reminders to the resident that can help avoid depression or help with treatment. For example, reminders and encouragement to attend social activities that are acted upon might ward off bouts of depression. A camera in a common area will assess the frequency of social visits of the resident. 
We will use feedback from the resident and caregivers to develop improved inference and privacy solutions. Improving inference will occur in two ways. First, with inputs from medical experts we can develop better rules for detecting depression. Second, we can assess if additional symptoms must be monitored, e.g., increased difficulty in remembering or neglecting personal appearance are often signs of depression, but these activities are more difficult to sense. 
Privacy will also be supported at two levels. First, collected data is protected with access control lists (only those permitted to see the data are allowed to see it). Second, some devices will have on-off switches making it easy for the resident to turn off unwanted sensing when they feel uncomfortable. In this case the data is never collected or stored in the first place.
The concept of wireless sensors is being portrayed as transformative medicine. Coupling this potential with the rapidly aging populations in many countries of the world gives rise to significant research and deployment activities and commercial opportunities. GE Heath and Intel have significant activities. Many new small companies are forming including Wellaware (here in Charlottesville) and QuietCare. A new Center has been funded in San Diego with Qualcom, the West Wireless Institute. Many research groups from Universities such as MIT, UCLA, Washington, GaTech, Harvard, Imperial College, and UVA are performing new research on monitoring activities of daily living. However, many of these systems focus on general monitoring of activities and have not tied those activities such as toileting, eating, etc. to specific medical conditions. This next logical step is starting to occur and we are among the first groups to make this next step. We are also the first project that we are aware of to specifically target depression in the elderly for these systems. Since this field is so competitive we can expect other groups to also address depression in the elderly. However, being first or among the first will give us a competitive advantage. In addition, each product eventually produced for this problem will have various tradeoffs in costs, accuracy and capabilities. We are also one of the few projects that is integrating privacy solutions with the technical solutions for activity recognition and disease inference.
5.0 Evaluation


The evaluation for this next year has two main parts: (i) technical evaluation of the wireless sensor network itself, and (ii) initial determination of utility for the resident including identifying the correct activities for which to collect information. Both aspects of the evaluation will utilize feedback from residents and caregivers. These steps are necessary to prepare for a larger deployment and pilot study.
Initially, two housing units will be instrumented: one with a resident known to have depression episodes and another where the resident has not experienced depression.   The system will collect data for about 3 weeks to establish a behavioral baseline for each resident. In past experiments we found that 3 weeks was enough time to understand daily activity patterns. Questionnaires and controlled experiments will be used to validate that the system is accurately collecting activity data. After this training period we will run the entire system monitoring for anomalies. Caregivers will also meet with the residents. Using the system assessments and caregivers’ inputs we will measure if there are any false positives or false negatives. With just two residents it is possible that no depression occurs and so the system might not be fully tested. In this circumstance we will emulate depression and depression notification by purposely taking actions that will raise concerns.
With this initial deployment we hope to answer the following questions:

· Can a smart wireless sensor network operate for 4-6 months without technical support

· How accurate is the system in recording daily activities

· How do residents interact with and like the provided capabilities

· How do the residents perceive the privacy protections

· Are the recorded activities effective as indicative of depression, if not what other activities can be assessed

· Are the informational, reminders and encouragement schemes perceived as effective or intrusive

· What is the false alarm rate

· What needs to be accomplished for a larger pilot study

After this first year it is expected that a larger pilot study would answer additional questions such as the accuracy in early detection of depression, the effectiveness of treatments, and proactive attempts at avoiding depression. 

6.0 Milestones

Over the next year we expect to achieve 9 milestones.

· Obtain IRB approval

· Purchasing equipment and installing software  (end of month 1)
· Initial integrated system testing in lab (end of month 2)
· Deployment and testing system at Branchlands (during month 3)
· Operational System (end of month 3)

· Improved reliability and long term data collection begins (end of month 4)
· Initial controlled experiment used for assessment (completed by the end of month 6)

· Controlled experiments (completed by the end of month 12)

· Larger scale deployment strategy in place (end of month 12)
7.0 After Award Expires

Once this year is complete, we plan to replicate the early depression detection and treatment monitoring system to more units (at least 10) for a preliminary pilot study. The results from this study will then be used to submit an NIH grant. We also plan to submit NSF proposals for some of the technical computer science research issues in the areas of wireless communication and inference techniques. 

For example, we currently have NSF support for data mining of recorded medical sensor data for hidden information.

We have also made contact with a small startup in Charlottesville called Wellaware and would look into using them, or another company, as a transfer agent of our technology. We will be using one of their products in our system and this should provide good interactions between us.  Our intellectual property is primarily in the software that provides the early detection and treatment monitoring. We are bound by the typical rights and obligations for University faculty and students. Appropriate intellectual property agreements would be made with companies when transferring any intellectual property and software. 
We also expect to address the cost of the system. The current planned deployment contains an excess of equipment and uses high end devices in order to develop an understanding of what subset of these devices are really required. We expect that an eventual product created from our work would cost much less than the budgeted costs for equipment for this prototype.
We have also talked to a caregiver from the Woodrow Wilson Rehabilitation Center and could work with them in detecting depression in people undergoing rehabilitation. This would expand the commercial potential of our product.
It would also be possible to extend the recognition capabilities of our system to other medical conditions such as Alzheimer’s. We plan on submitting such a proposal to the Alzheimer’s Foundation.
8.0 Summary
Wireless medical products are proliferating at an astounding rate. Systems using these technologies are coming into existence. The potential for wireless health systems is transformative. It is only through transformative technologies can we address the coming silver tsunami. Our proposed system adds value to the state of the art by taking a systems perspective (including privacy) and focusing on inference and interpretation solutions for one of the most pervasive and costly chronic diseases, depression. 

Budget

Salaries

$28,000   2 grad students ½ time each for 1 year 
$11,000  Stankovic, PI
$5,000  xxx (again  - must get his approval – interest)
Equipment and Costs (per apartment – assume 4 rooms: bedroom, bathroom, kitchen and living room and a corridor)

Bladder sensor (from Wellaware) - $300  
Mote motion sensors with plug in attachments (5) ($200 each) 
Mote sensors with light and temperature sensors and plug in (4) ($200 each)
X-10 motion sensors (5)   ($20 each)
Tripwires on each door (5) (and/or height sensors ($90 each and USB hub $30)

Contact sensors for refrigerator, microwave, cabinets (about 10) ($5 each)

Weight Scale with mote - $250
Netbridge (and USB bridge) $450
PC  - $1000
PDA (or cell phone) for resident - $250

Single APT Costs

iMote2 camera - $720  

PC (one at nursing station) $1200
Total Equipment Cost:  ( $4680 x 2) + $1920 =  $11,280
Total Budget Cost:  $55,280 
BIO

Professor John A. Stankovic is the BP America Professor in the Computer Science Department at the University of Virginia. In the past he served as Chair of the department for 8 years. He is a Fellow of both the IEEE and the ACM. He also won the IEEE Real-Time Systems Technical Committee's Award for Outstanding Technical Contributions and Leadership (inaugural winner).  He also won the IEEE Technical Committee on Distributed Processing's Distinguished Achievement Award (inaugural winner). He has won four Best Paper awards. He is highly cited with a very high h-index of 53. Before joining the University of Virginia, Professor Stankovic taught at the University of Massachusetts where he won an outstanding scholar award. He has also held visiting positions in the Computer Science Department at Carnegie-Mellon University, at INRIA in France, and Scuola Superiore S. Anna in Pisa, Italy. He was the Editor-in-Chief for the IEEE Transactions on Distributed and Parallel Systems and was founder and co-editor-in-chief for the Real-Time Systems Journal. He has built three wireless sensor networks: VigilNet, a military surveillance system funded by Darpa and now being constructed by Northrup-Grumman, AlarmNet, an emulation of an assisted living facility (which is the system being proposed to be transferred to practice), and Luster, an environmental science application. 

He has delivered 23 Conference Keynotes and many Distinguished Lectures at Universities including the Plenary Speaker at the Symposium on Medical Applications of Ubiquitous Networks, Tokyo, Japan, a Keynote speaker at the Pervasive Technologies Related to Assistive Environments Conference in Corfu, Greece, and lectures at the Tokyo Medical and Dental University and at the University of Virginia Medical School. He has published a number of papers on detecting falls with body networks and other papers on sensor networks for home health care including a joint Journal article with Robin Felder’s group in the UVA medical school. He has collaborated with Harvard and Johns Hopkins in medical related research. He has been involved with various programs with the Institute for Aging and presented some of his technology to the Senior Center in Charlottesville. Prof. Stankovic received his PhD from Brown University. See the following URL for more details on our medical applications work: http://www.cs.virginia.edu/wsn/medical/.
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Current and Pending Support

· A 6th Sense for Personal Safety, PIs Soffa and Stankovic, Co-PIs Lach, Acton and Whitehouse, submitted to NSF Expeditions, Sept. 2009, 5 years $10,000,000. (pending)
· Multi-Dimensional Adaptivity for Secure Cyber Physical Systems, PI, co-PI Stoleru Texas A and M, ONR, 3 years, submitted Aug. 2009, total $548,460. (pending)
· Foundations of Cyber-Physical Networks, PI, Han at UIUC, Co-PI Stankovic, NSF, 3 years, Sept. 2009, total $500,000. (current)
· Multi-Scale QoS for Body Sensor Networks, PI John Lach, Co-PI Stankovic, with G. Zhao (William and Mary), NSF, 3 years, $525,000, June 2009. (current)
· WISPER: Wireless Intelligent Sensor Platform for Emergency Responders, PI, Co-PI, Whitehouse, Oceanit Corp., SBIR Phase II, Dec. 2008 - Nov. 2010, UVA portion, $95,000. (current)
· Run-Time Assurances for High Confidence Embedded Systems, PI, Stankovic, NSF, 2 years, Sept. 2008, $223,415. (current)
