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ABSTRACT
Elderly citizens are faced with a myriad of problems in everyday activities that we may take for granted. With reduced motor skills, in addition to loss of memory and difficulty in sensory activities, elders are challenged to lead a normal everyday life. More importantly, they begin to lose their independence and their dignity. However, ubiquitous computing can help to alleviate this problem by tracking their movements and actions, placing the situation in context, and aiding the elderly to lead independent lives while at the same time allowing for some dependence through medical monitoring and remote implicit communication with the outside world. Elders receive information from medical devices that keep track of their current status, and are able to keep in touch with emergency hospitals and loved ones by these communication devices. Thus, by combining the principles of ubiquitous computing, medical sensors and communication devices, we develop ad hoc collaboration among three entities: family members, elders, and hospital personnel, in the event of an emergency. With such a smooth information flow, we expect to enhance the elder’s quality of life. 

1. INTRODUCTION

Elder citizens face growing challenges as their body ages and becomes increasingly weak. They begin to see a decline in their motor skills, their sensory proficiency and in their cognitive recognition ability. These result in a need for help to perform everyday activities such as cooking, cleaning and most importantly, in monitoring their medical condition. In addition, since these individuals find it difficult to get around outside of their abode, they become excluded from society. This exclusion from socialization brings about feelings of loneliness and depression, which may further impact negatively towards their ailing health condition.

The rapid growth of various technologies, such as medical tracking sensors, certainly provides a means for these individuals to have a better awareness of their status. These devices provide information that may otherwise not be obvious, such as tracing blood sugar levels. However, these devices just relay status information, and the elderly individual must interpret the raw data themselves and act accordingly in response to that measurement. However, with ubiquitous computing as a new paradigm [5], “smart” clothing and other such “smart” devices, enormous possibilities exist to further improve the intelligence of these computing devices. Not only will they simply monitor an individual’s condition but they will also integrate the user’s activities and help overcome some of their shortcomings. Bluetooth technologies [2], which require no hands and uses no wires, will enable communication with the outside emergency personnel and family members should a medical emergency should arise. These elderly individuals will need to take no explicit action to call and alert someone of their medical situation. This feature will be paramount in saving their lives should a heart attack or collapse, for instance, should occur. Also, having intelligent devices automatically transfer the medical status of the individual saves valuable time because no time is wasted explaining medical conditions.

2. PROBLEM STATEMENT
Elder citizens face three major classes of problems [1]:

1. Sensory problems due to growing physical impairments such as decreasing sight and hearing ability. 

2. Cognitive problems due to increasing loss short-term memory and decreasing attention span.

3. Motor problems because the physical body becomes less agile and ailments such as arthritis and joint pain limit their ability to move around. 

These problems increase an elder’s dependence on others, and infringe upon their desire to lead independent lives. Clearly, we need to address some means to allow autonomous living while simultaneously recognizing the need for help should an emergency arise. 

The following case study describes a real situation faced by an aging mother and her daughter dealing with these problems.

2.1 Case Study

Jody is 92 years old and lives in a home by herself. Her only daughter Gail lives in another town but has to constantly make regular trips to visit her mother. She drives approximately 1½ hours every two weeks, and in other situations where her mother feels ill, she makes additional trips. Jody has no desire to move into a nursing home and adamantly refuses any such suggestions. She also does not want to move in with her daughter because she wants to live independently.

Jody requires help attaining groceries every two weeks due to her fear of driving. Otherwise, she does not need 24-hour attention. Gail, on the other hand, has to rely on a telephone call if an emergency should come up in the two-week period between visits. This reliance on a simple telephone call worries Gail because if her mother is unable to make a telephone call in an emergency such as a fall, then her communication medium has failed. In addition, Jody does not have any other family members or close friends living in that town, and is quite excluded from society.

3. HYPOTHESIS

In order to address these problems, we shall look at the opportunities that ubiquitous computing provides to benefit elders. Medical support, such as measurement of heart rate, blood pressure, and other sensors can be measured to give a general idea of the health of the wearer. Similar technologies already exist for medical patients, for instance, diabetics have sensors that trace their blood sugar level and decide when another insulin shot should be administered. 

3.1 Smart Clothing

In this experiment, smart garments can be used as the information content platform, where sensors in the clothing continuously monitor pulse rate, heart rate, temperature and movement activities. When some abnormal state is perceived, smart clothing [8] first alerts the wearer of the condition. If no response is obtained within a specified time period, then the sensors in the smart garment interact with a mobile communication device, such as a Bluetooth enabled cellular phone, to automatically alert family members. In addition, if the situation is critical, such as when no heartbeat is detected, then the smart clothing can automatically place a call for an ambulance. Therefore, the smart clothing device performs two actions. First, it alerts family members through their wrist watch and second, for a critical situation, it calls for paramedics. Another important feature that could be added is for the elderly person to be able to send a signal to just family members via their wrist watch when they perceive that they may need help or are not feeling well. However, the main idea for using smart clothing is to help the elderly person in situations where they cannot initiate a phone call or a panic button for help.  

3.1 Wrist Watch as Communication Device

These “smart” sensors use the mobile phone and Bluetooth technology to send a signal to an alarm on a wrist watch. A wrist watch is a device worn practically all the time, and is the most appropriate device to reach family members promptly [6]. Devices such as pagers, cell phones and PDAs can also be used. However, these devices must be worn and can easily be left behind. In addition, cell phones and pagers can be turned off, thereby shutting off all communication. A wrist watch is very convenient and much more accessible than the other carry-on mobile devices, and hence provides the best way to communicate emergency information. 

3.3 Peace of Mind

As a result, these communication devices can minimize social exclusion and always keep an elderly person in contact with family members, and at the same time, allow them to carry on independent lives. Communication can be initiated by the elderly individual themselves by perhaps pushing a button on the smart clothing, or in the event when they are incapable of doing so, smart clothing can automatically send out a signal to loved ones and to a hospital. Therefore, family members can alleviate their worries somewhat because they know that they are in constant communication with their aging parents, for instance, and also in the event of an emergency, their wrist watch will automatically alert them of any such situations. Furthermore, the smart clothing monitors the wearer’s condition at all times.

4. LITERATURE REVIEW

Several applications are being investigated to allow elderly people to live on their own and to be comfortably reassured that they are in close contact with the outside world should they require emergency help.

4.1 Age-Induced Cognitive Disabilities

Jorge at Av. Rovisco Pais, Portugal [3] looks at the issues and methodologies needed to develop situation-aware mobile computing devices. He iterates that key factors include monitoring signals from the body, designing machine-learning systems to learn and adapt to user behavior, and mobile computing to support user mobility and communication. These devices will use the information they acquire to help manage user’s needs and to help diagnose disorders based on body signals. These mobile devices and assistant environments will help the elderly citizen to live without the constant attention of caregivers. He states three features necessary for the design of these helper devices:

1. Intelligent devices should be able to non-intrusively monitor people.

2. They should support daily routines, such as taking medication, preparing food, and operating household devices.

3. Intelligent devices should enhance interpersonal communication. 

4.2 Aging in Place Project

Mynatt et al. at the Georgia Institute of Technology [4] focus on using computers as a constant partner in everyday life. They have developed an interface that allows constant communication among the family members and the elderly individual. Sensors placed around the home can detect the state of the household. For instance, sensors placed in the kitchen can determine whether any activity has occurred there recently. Pictures of this scenario are taken and pasted on the electronic display, providing family members who live further away with a general awareness mechanism. Therefore, if the elderly individual has stopped eating or has severely declined activities in the kitchen, the display reflects this situation. 

However, this research is also focusing on placing sensors around the home to aid the person. By using an ambient awareness mechanism and intelligent machines, they hope that these devices will be able to perceive the environment, anticipate scenarios and interact with humans. Sensors can be placed in bathrooms for temperature regulation of baths, and also monitor the vital signs of the bather. Reminder devices can gently alert the elderly individual that it is time to take medication pills. The system can also recognize crisis situations such as a fall, or even an impending crisis situation, such as a broken heater during the winter. Emergency medical staff is alert for the former situation, and the individual in the home is alerted for the latter.

4.3 Independent LifeStyle Assistant (ILSA)
Haigh et al. at the Honeywell Technology Center, Minneapolis [7] are building an agent-oriented system to aid elderly people to live longer in their homes. The ILSA is a multi-agent system that co-ordinates device inputs and outputs intelligently through situation tracking. These home automation devices will be placed throughout the household and can track all the individual’s actions, even getting out of bed. The mobility agent raises an alarm if the person falls; it can keep track of when medication should be taken and with which type of food, and gently reminds the person when to take medication. The ILSA environment agent learns the preferences of the individual, such as room temperature and noise levels. Sensors can detect situations such as a stove left turned on. The home security system and a panic button are also associated with ILSA agents. These components communicate to provide rich communication. For instance, if a power failure in the home security system occurs, it is integrated with the telephone to raise emergency alerts. Thus the components of the system monitor four main categories: eating habits, medication, mobility (detects if the individual falls, for instance), and the environment (such as room temperature). 
4.4 Ubiquitous and Wearable Computing

Siewiorek [9] talks about the objectives of wearable computer design, which should provide right information at the right place and time. Context-aware [11] computing is an important concept where the mobile computer knows about the user’s state and surroundings. If the human body is to support the wearable and its sensors, several attributes will have to be considered to make the wearable comfortable, lightweight and washable:

(a) Placement: where the computer needs to be placed on the body to store patient monitoring data, and to also send alert messages to the Emergency Medical Service (EMS) and family members.

(b) Humanistic Form Language: form of the object to provide comfortable fit.

(c) Human movement: allow freedom of movement, especially when elders are not as flexible at the joints.

(d) Human Perception of Size: must fit around body, and wearable should feel like it is a part of the body.

(e) Size Variations: each wearable must be tailored to fit every user.

(f) Attachment: how the wearable is attached to the body, wrap the form around the body as opposed to using detachable clips and shoulder straps.

(g) Contents: must house batteries and other electronics.

(h) Weight: should be light and not hinder the body’s movement or balance.

(i) Interaction: should be simple and intuitive to interact with the wearable. 

(j) Thermal: must not be uncomfortable to the body when heat is produced in the wearable.

(k) Aesthetics: must fit the user’s taste in the environment.

4.5 Smart Clothing Prototype

Rantanen et al. in Finland [10] developed a smart clothing prototype for arctic conditions. The smart garment was designed to provide communication with an emergency office should an accident or some other mishap occurs during a skiing trip. The suit can contact the EMS, or activate a pre-selected phone number using Short Message Service (SMS) of the Global System for Mobile (GSM) communication. The user can also send the emergency message. The suit sends the coordinates of the user’s position using a Global Positioning System (GPS), and can also provide other information if requested by the EMS, for example. If the data sensors in the suit detect abnormal conditions but the alarm is false, then the user can stop the emergency message sent by clicking a button on the user interface within one minute. The suit is attached to the body using shoulder straps, and consists of power boards, CPU, GSM, GPS and batteries. The user interface is a small hand-held device with a graphic display and a one-push button.  

4.6 Wrist Watch Applications

Raghunath et al. at the IBM TJ Watson Research Center [6] designed several wrist watch applications. The human population is already accustomed to wearing wrist watches, therefore designing simple applications on these devices to keep the user informed in a collaborative environment seems attractive and natural. Wrist watches are less likely to be misplaced, and the user does not have to carry the device along, as in the case with PDAs and cellular phones. Several simple applications such as Clock Face, Alarms, Calendar, To do list, Images (showing small family photos), and games (such as Tetris) were designed for the OLED watch display. Since the user interface was limited, a touch screen was used where the display was split into 4 different quadrants to represent 4 options. Also, a roller wheel was placed on the right hand side of the watch to for selecting alphabetic characters as input. When the user needed to type information, the alphabet was presented in a circle on the watch screen, and the user scrolls through the letters using the roller wheel. 

4.7 Survey of Past Work

Ubiquitous computing seems to be the solution to help elderly people acquire independence, yet remain in close contact with their family and emergency personnel. However, work done by Haigh and Mynatt focus broadly on improving the quality of the lives of elderly people, by providing multiple sensors in the home which measure various conditions, and feed the data into intelligent components that interpret the data and try to solve the problem. Albeit these intelligent devices also track the individual’s condition, this paper focuses specifically on just monitoring the condition of the elderly individual, and allowing close communication with family members, thereby providing a sense of assurance and certainty to these family members who are concerned about their elderly relatives choosing to live alone and independent. We are therefore not trying to improve the living conditions of the individual, but just providing a monitoring mechanism that checks their stability, and most importantly, alerts family members and the EMS should an emergency occur and the elder is not able to make a phone call to report the emergency.

Smart clothing is one means by which we can monitor a person’s health condition, relaying this data to a small CPU device, which essentially decides whether any abnormal situation is an emergency and whether to contact others. We choose smart clothing since this seems to be the most unobtrusive mechanism by which sensors can track the wearer’s condition at all times. In addition, progress in wearable computing will allow these sensors to be integrated into textile design, making them a part of normal user’s clothing in the near future. Therefore, smart clothing will not be a detachable device that the user must remember to wear. Rather, this smart clothing will be a part of the user’s everyday body garments.

The smart clothing that will be used in this prototype will resemble the suit worn in arctic conditions, but with less rigid requirements, since the components will not have to withstand freezing temperatures and other harsh outdoor conditions.

Using a wrist watch as the communication mechanism as opposed to a cellular phone seems to be a guaranteed means to inform family members, whether they are at work or at home. Wrist watches are unlikely to be taken off, except during sleeping and bathing. However, they remain attached to the owner far more than a cellular phone or PDA. Also, touching the screen can easily deactivate an alarm message. The main reason for choosing the wrist watch is the fact that it remains with the user far more than any other communication device, and is an ideal way to relay an emergency message when time is of the utmost importance.

5. Materials and Method

The smart garment must be lightweight and since these computing devices have not yet been integrated into regular textile clothing, the prototype will consist of the following components that must be strapped to the user’s clothes. Below is an outlined list of the system’s components:

(a) batteries - power supply source, which should be charged by an electric network using an adapter. No charger unit will be connected to the battery packages to decrease weight of smart clothing.

(b) Bluetooth enabled cell phone - sends alert messages to family members, hospital.

(c) CPU - co-ordinates sensor devices and determines whether to alert just family members or the hospital as well. For instance, if the sensors detect an increase in body temperature, possibly meaning the onset of fever, or decreased pulse rate, then the system would send a message to only family members. For this reason, all other components of the smart clothing are connected to the CPU.

(d) global system for mobile communication (GSM) - connected to the CPU and used for automatic communication to cell phone in the event of an accident or emergency situation. An alarm is activated when a sensor detects abnormal conditions such as high body temperature, failing heart beat, no pulse, etc, to alert the elderly individual. If the user does not respond within 30 seconds, then the GSM communicates with the cellular phone to send emergency messages to the EMS, as well as to family members.

(e) Sensors - monitors the user’s pulse rate, heart beat, blood sugar levels and body temperature. Currently, the sensors used are Analog Devices’ ADXL150 and ADXL250. The ADXL105 sensors can detect if the individual is immobile, such as unconscious. Together with pulse rates, the various devices can send this data to the CPU to differentiate whether the individual is sleeping or has lost consciousness. Polar Electro’s wireless heart rate monitor sends the heart rate data to the CPU board.

(f) User Interface (UI) - provides a simple button that disables the alarm. Whenever atypical conditions are recorded by the sensors and sent back to the CPU, the CPU checks these conditions and determines whether to contact the hospital or just family members. As mentioned before, minor changes that deviate from a normal body’s condition triggers a small notifying signal to the elderly individual. For instance, if the pulse rate has suddenly declined, then the individual is notified. If the individual is conscious and believes that this instance is a false alarm, then the button can be depressed on the UI to turn off the alarm. On the other hand, if the body temperature has risen considerably, and the elder is feeling dizzy and feels an oncoming fever, then an alarm message sent only to family members might be more appropriate, since this condition is not serious enough to call for an ambulance. However, if the elderly individual has taken a fall and is suddenly unconscious, then the smart garment will not receive a response from the user to turn off the alarm. After 30 seconds, an emergency alert message will be triggered to family members and to the hospital. 

The user interface should be a simple input button that turns off a false alarm. Also, the wearer does not need to enter any information to the device, so the UI should be kept basic. A small display screen could show the abnormal condition that triggered the alarm, which might even be beneficial to elderly individuals, so that they may monitor their own condition. A low pulse rate for instance may indicate fatigue, or that it’s time to take another dose of medication to boost energy levels. However, the smart clothing device will be operating in the background, and should keep track of the users’ condition, without intruding in their daily activities.

(g) Bluetooth enabled cellular phone: sends short text message to OLED wrist watch and to hospital, depending on type of signal sent by GSM.

(h) OLED wrist watch: intercepts message in the form of WML (wireless markup language) text format. This emergency message can also trigger an alarm on the watch to alert the owner of an emergency situation.

Figure 1 shows how the system’s components interact to allow continuous monitoring and communication.

                                           
Figure 1: System Overview 

6. Evaluation

The purpose of these communication devices and the smart clothing prototype is to determine whether family members will feel reassured knowing that they have continuous communication with their elder relative, and will always be contacted should an emergency occur. A key requirement for designing this system is the ability to monitor activities and signals from the body, and provide for intelligent communication to either the hospital or to family members.

The smart device should be able to non-intrusively monitor people in a smart environment. The smart clothing described above will be unobtrusive in the sense that the device will continuously monitor the elder’s condition, and requires no action by the individual unless the garment detects some atypical situation. However, since electronics and textiles have not yet been incorporated into one: electronic textiles, or e-textiles [12], then for now, the prototype will be implemented as a separate device that must be strapped on to the user’s shoulder, with the CPU unit and the other components worn similar to a backpack. This arrangement may very well cause some discomfort to elderly people due to the limited nature of wearables. However, electronic textiles are a promising technology that will grow to fruition in the near future. The main focus for this small research is to determine whether smart clothing, in conjunction with mobile wireless devices, will truly enhance communication and provide continuous contact and support between an elderly person and family members. 

Once the prototype system is implemented, a user study will be conducted to test if the goals of the assignment are accomplished. The main goal is to determine whether the device added to family members’ and the elder’s feelings of security and reassurance knowing that they can be in continuous contact while leading separate lives. 

We intend to conduct an initial study consisting of about 10 families who want to remain in close contact with their elders should an emergency arise. These families must have an elderly individual (age between 60-70 years old) who leads an independent life in a separate household from other family members. This qualification is important since it forms the basis of this research. Also, we need to test the effectiveness of the GMS automatic communication device, that is, to determine the limitations on the range of its signals. Interviews with the prospective families will be conducted approximately every 3 days to discuss any significant changes. In addition, we will record events by providing log diaries or audio recording equipment for users to note major events: such as failures in the system, improvements or any significant remarks. The prototype device will be tested for a period of two weeks. This time period should be sufficient to allow us to make any improvements in our original design.

The prototype device will contain the smart clothing, the wrist watch and the Bluetooth enabled cellular phone. Because this device is being tested on its initial stages, no emergency calls will be made to EMS personnel until we are sure that the device works appropriately. We also intend to evaluate the effectiveness of the user interface on the smart garment, since it is currently attached to the smart clothing strap, has a small display unit and a one-button input device. 

Some of the questions and issues we hope to gain feedback and suggestions include:

1. Does the device effectively communicate alert information in the event of an emergency?

2. Is the wrist watch an appropriate medium to send emergency messages? 

3. Would the family members prefer using a cellular phone or perhaps PDAs instead of the wrist watch?

4. Are the smart clothing components intrusive and cumbersome?

5. How accurate are the sensors in making measurements and detecting emergencies?

6. Is the user interface for the smart garment easy to use, easy to understand? Is a single button input adequate?

7. Are the sensors recording sufficient information? 

8. Is the 30-second response time too restrictive; or is this time limit for turning off a false alarm too much?

9. Do family members feel more at ease knowing they are constantly in touch should an emergency occur?

10. What are some of the shortcomings of the system?

11. What information should be sent to the EMS during the alert message?

7. Expected Results & Significance

Due to the limitations incorporating electronic equipment with textiles, the smart clothing prototype will be bulky and pose some discomfort for elderly individuals. For this reason, we shall test our prototype on elderly individuals between the ages of 60-70 years old. and who are physically capable to wearing the prototype for extended periods of time. We expect users to complain about the weight and bulky nature of the prototype system.  

In addition, so far this paper has talked about monitoring generic conditions such as heart rate, pulse, and body temperature. However, we certainly intend to tailor for each individual and monitor conditions more appropriately related to their physical status. However, we do perceive some limitations in what we can monitor. Measurements of blood sugar level would probably not be possible at this point, without adding to the bulk of the current prototype design.

We are still unsure whether 30 seconds is sufficient time to allow an elder to turn off a false alarm. We have yet to determine how to handle situations where the person is asleep and does not hear the alarm. More importantly, we must determine whether the smart clothing device appropriately concludes that an emergency has really occurred. Too many false alarms will certainly deter all elders. However, a right balance must be maintained so that the device does detect abnormal conditions. We expect that these factors will depend on the elder’s condition. Therefore, time limits for turning off the alarm will be determined on a case-by-case basis. 

User interface issues may also occur. We are not sure about the usefulness of providing information on a small display. Also, we expect that the one-button input device would be sufficient since we are not creating an interactive monitoring device. Determining where to place the UI on the smart clothing device to be unobtrusive is certainly an important consideration, since the UI must also be readily accessible by an elder. We expect that attaching the UI to the smart clothing by a flexible wire or string would be adequate for providing accessibility and yet prevent the UI from being lost.

The wrist watch will also be convenient for family members since this device is usually with the user at work, in the home, in bed, at play, possibly in the shower and in the car/train [6]. That is, the wrist watch remains with the user for a greater period of time than any other mobile device, hence this communication message is expected to arrive immediately to the family’s attention.

The foremost research question is whether this prototype system helps both family members and elders feel at ease. Additionally, are people comfortable trusting such a system to assist elders? The primary goal of this prototype device is to help elders live independently, while simultaneously allowing for dependence. This small step in our goal will determine future improvements in the design of current intelligent devices to assist elders in leading their lives without the constant physical presence of caregivers.
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