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abstract
Previous investigation of needs survey of wheelchair user unveils their needs of health sustainabilty to aviod secondary complications, i.e., high blood pressue, diabetics, pressure ulcers, and urinary tracts.  From this findings, we design and implement a prototype of body weight scale on the power wheelchair.  Barriers, design objectives, method, and results of feasibility study of wheelchair user’s body weight scale are presented.  Further investigation and research on health monitoring interventions of wheelchair user are also discussed in this paper.
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introduction
The number of people in need of power wheelchairs increases every year in South Korea as well as in the U.S [1].  A preliminary needs survey of wheelchair user was accomplished [2, 3].  Prior to the preliminary needs survey, design of a survey study to determine the needs of wheelchair users on a daily basis is also proceeded.  From the preliminary accomplishment, we aimed to find out what and why the needs of prospective services as well as for what tasks they plan to use the services.  We found a few critical health-monitoring needs of the wheelchair users.  Among the list of health-monitoring needs, the method and enabling technologies for the body weight scale of the wheelchair users are currently available in the marketplace but a very limited usage.  In this paper, a feasibility study of health monitoring intervention, which is body weight measurement for the wheelchair users is presented.  Findings on barriers, design objectives, method, and results are presented in this paper.  We also discuss in this paper on further research topics and investigation of health monitoring interventions for the wheelchair user.

 preliminary investigation
In the U.S., an estimated 673,000 powered mobility devices including power wheelchairs and scooters are currently in use [4].  There have been related studies and surveys completed, which related more to ethnicity, sex, age, and work disability [5, 6].  
And a preliminary needs survey specifically focused on activities of daily living and their specific wheelchair user’s needs (i.e., entertainment, medical, or work related purposes, etc) were accomplished [2, 3]. As a result, 105 persons visited the on-line survey web page and we received 97 responses that completed the survey during 44 days.  Among the survey results, focusing on the health-monitoring issues, currently 81% of responders see a doctor more than once a year, 51% at least every three month, and 27% more than once a month.  The greatest number of responders wanted to monitor their Blood Pressure (68%) and Weight (65%) followed by Blood Sugar (36%), Pulse (33%), Temperature (33%), Blood Oxygen (23%), Peak Flow (21%), Fluid Status(19%), and ECG(11%).  Some responders added the need to monitor Urinary Tract Infection, Skin Integrity, and Cholesterol.  Even though only one person answered that he was monitoring medical index via a tele-health system, 33% of responders have contacted a physician, rehab specialist, or other medical service provider using a computer system.
barriers and design objectives
Barriers
To measure body weight of wheelchair users, the most available method is to use load cells.  One of the most pending barriers of using the load cells to measure body weight is to select locations of load cells on the wheelchair.  When the load cells are installed into the wheelchair axle, there will be reliability and safety issues of the wheelchair because of potential structural damages on the welded parts of the wheelchair and unreliable functioning of body weight  measurement due to the inconsistent load distribution on four wheels.  When it is used open space, the load cells on the wheelchair axle are directly exposed to dusts or moisture that will influence product longivity.  From our preliminary study on the wheelchair based body weight scale for people with disabilities [7], we found these barriers when we installed the load cells onto the wheelchair axle and rims.

Design objectives
To resolve the barriers of positioning the load cells on the wheelchair, the design objectives for the body weight scale using load cells need to focus on finding relevant position between the wheelchair’s driving unit and chair unit.  We, then, selected the load cell position when we found the following benefits over the preliminary study [7]; 1) easy installation with convenient disassembly and re-assembly of the wheelchair without any welding and modifications, and 2) body weight is ideally measurable where the load cells are positioned between the chair of the wheelchair and connections of driving unit axle that will be enhancing accuracy of body weight measurements.  Since the load cells are manufactured as module basis, simple assembly and protection of wheelchair safety are aditonal benefits of the design objectives on the wheelchair system to measure body weight of the wheelchair users.
method and results
Method
The weight sensors, i.e. load cells, in this method were manufactured in thin module type with four load cells to insert the sensor between the driving unit and chair unit.  With the reliability and safety considerations of body weight scale application, we decided safety focus design that was applied in manufacturing the weight sensors to prevent the product from any damage caused by physical shock during its usage.  Figure 1 shows a conceptual diagram of the sensor module with the four load cells.  As seen in the figure, it comprised of the four load cells and Printed Circuit Board (PCB) that receives signals of the load cell, and digital module unit was also employed to comply requirement of wireless and high-precision. 
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Figure 1. Diagram of Wheelchair sensor module

The sensor module was installed along with an indicator.  We used a C-350 wheelchair model manufactured by Permobil.  The indicator was detachable as necessary that converts analog signals transmitted by the weight sensor module in the four load cells into body weight value.  The device is controlled in separate calibration process prior to its first usage.
Results
For precise calibration, signal values of sensor module both without load and with 200kg load were entered in the indicator using 20kg-units.  To enhance the measurement precision, multi-calibration method, which enters several signal values during calibration process, was applied for better resolution of the product.  For the initialization of body weight scale, 40, 80, 120, 160, 200kg loads were applied on the wheelchair, and each corresponding value was entered in the indicator.  Then, these initialized values were compared with the measured values in the indicator with the same weights.  The results showed us that a sensor within 0.5kg error could be compensated in measuring up to 200kg.  Two photos in the figure 2 are the wheelchair installed with the sensor module and indicator.  Figure 3 depicts the test results of measurements up to 200kg by 40kg increments.
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Figure 2. Implementation of Weight sensors
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Figure 3. Testing results

discussions

Our preliminary survey revealed a very interesting evidence that wheelchair users truly want to have an efficient method to measure their weight (65% of responders checked that they wanted to monitor their weight).  While weight management is one of most important healthcare issues of the power wheelchair uses, most wheelchair users have limited opportunities to find a way to measure their weight at home.  One of possible solutions is to put load cells under the seat pan of the wheelchair and integrate a body weight monitor into the wheelchair-worn computer system.  Then, the wheelchair users are able to manage their weight efficiently.
As we know from the survey result, people using power wheelchair are likely to pay more attention to their health care.  Number of health-monitoring devices and computing system are available in the market currently, which measure or record vital signs of the patient outside the clinic.  The vital signs from these different personal monitoring devices may be saved in the computing system using a universal connectivity tool and this data can be transmitted to a health management web site.  The saved health data can be accessed by authorized medical professionals and the question-and-answer sessions will be available between the wheelchair users and medical professionals via health management web site as shown in figure 4.  We envision the wheelchair-worn computing system will be an interactive user end system to the health management web site for the wheelchair user and medical professionals.
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Figure 4. A Universal Connectivity tool, iMetriLink.

conclusion
The feasibility study of health monitoring intervention focused on the body weight measurement of the power wheelchair users is discussed in this paper.  As we found the evidence that the body weight measurement is one of health service and ubiquitous health service (future service) needs, we discussed barriers and design objectives for the body weight scale for the power wheelchair users to select relevant method to measure the body weight of the wheelchair users.  We performed initialization and tesing of body weight measurement using weight sensors on the power wheelchair system to find the results that the body weight scale is correctly working.  For further study, we need to investigatge more about evidence, barriers and design objectives to provide the wheelchair users with relevant method of health monitoring intervention.
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