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Abstract

The Diamond Suit's high fidelity prototype is a combination of two user interfaces that benefits both the patients and physicians in the treatment of upper body rehabilitation.

The Diamond Suit is an upper body suit that is worn by the patient, where the suit monitors and gathers data on the user’s rehabilitation status. The data is then sent to a small wireless PDA like device where the user can view his or her own rehabilitation status. The Diamond Suit’s patient interface has the ability to help the user monitor their rehabilitation status by counting the number of reps and sets of their rehabilitation exercises. The user can also view their rehabilitation progress over a period of time through an easy to use interface. The patient interface also has a useful feature to translate into different languages such as Chinese, English, French, and Korean.

The Diamond Suit’s doctor interface is a program that aids the physicians in prescribing rehabilitation exercises to the patients wirelessly. A useful feature that the Diamond Suit’s doctor interface has is that the interface contains a list of all possible exercises for the patient to perform. Using the interface, the physician can quickly and easily prescribe the weight, rep and set amounts for the patient’s rehabilitation exercises.

Introduction
Overview

The Diamond Suit project has evolved from its original vision of being an interface that is used as a recreational personal trainer to being a rehabilitation devise that both physicians and patients can easily use for upper body injuries.

Early Stages of Development

The inspiration for our project came from the recent craze of getting in shape that has been everywhere from infomercials to magazines to videos. There has been a huge influx of gym memberships all across the nation and the desire to obtain the perfect physique has grown to all-time high levels. Women want flat stomachs and defined gluts, while men want chiseled stomachs and defined biceps. For example, the online site for Men’s Health magazine
 bears the picture of a cover that has the headline, “Beat Fat for Good”, right above an ad for a book called “the Abs Diet” and a picture of a completely defined male stomach. So, we went along with the popularity of working out and with workout routines that produce the results that people would like to attain.

The first idea that we came up with was a device that was an electronic personal trainer. Our concept was to create a progressive workout structure and monitoring system that simulated a human personal trainer, without the vocal coaching and ability to spot a person. The software was to be loaded onto a device that could be accessed at your local gym by a small card attached to your key chain. The idea was that each time the user went to the gym, they would scan their individual card and the system would generate a workout for that day based on the frequency the person had been going to the gym, the weight they had been lifting, and the muscle groups that had been used most frequently. For example, the idea may be to increase the weight after a week or two for each muscle group; however, if a person went to the gym back-to-back days, the muscles worked each day would vary, exactly like a real workout would be designed. This workout would be printed out on a sheet of paper that would make it easy for the person working out to carry around.

We were very interested in following through on this idea until we discovered that a group last semester came up with a very similar product, the Digital Personal Trainer
. Although our idea did not originate or borrow any ideas from this previous project, we decided that our group had to come up with an original concept. Our ideas slowly evolved from a software system that you only needed a small keychain card for to a small PDA device. The device would be small and portable and would provide not only the information our previous idea had, but also charts and history of previous workouts and progress. Also, since we figured out that the idea of a personal trainer was not original, we moved towards a different concept.

Diamond Suit Creation

Our final idea that we decided on was a PDA-like device that was to be used in conjunction with a skin-tight, long-sleeved upper-body suit, similar to Under Armour®
. However, instead of being a personal trainer, our system was to act like a rehabilitation specialist. This role is similar to the previous idea we had of a personal trainer but with a greater focus on the rebuilding of a particular muscle back to its original strength. We decided to implement sensors that would monitor muscle strength and the user’s vitals throughout the upper-body suit. The sensors would send information to the PDA device that would monitor and track the progress of the user as well as keep the information mentioned earlier, such as charts and overall progress of the rehabilitation progress.

The final piece to our product was a way of transferring information to the PDA-like device in order for the patient to know what their workouts should consist of each day. Since the person rehabilitating would be seeing a physical therapist, we decided to create an interface for them, as the doctor, to create the workout and transfer it to the PDA device the patient would be using. They would be able to select the individual workouts and details of each workout, and using this information, the patient could work out with a digital trainer, similar to our original idea.

Influential Products

We developed the original idea of sensors to monitor the body of the user from the M3 Rigid Body Vest used by the Colonial Marines4. The vest has a biomonitor that “picks up EEG, EKG, respiratory rate, circulation functioning, and visual acuity
.” This gave us the idea to monitor the vitals of the user, since we knew it is a technology that is in use in the marines. The vitals of the user are important to know at all times so they know their heart rate during their workout, as well as other information such as blood pressure that help track the overall health of the operator.

The idea to monitor the muscles of the upper body as well as the vitals described was an idea that was to make our product very unique and clearly separate it from any other digital personal trainers or anything similar. The use of sensors to monitor a muscle was used in a case when a person had a paralyzed leg
. Sensors were used to monitor the muscles in the good leg to help give cues for the paralyzed leg to follow in order to allow proper movement such as walking to occur. Based from this muscle sensor system came the idea to monitor a muscle’s strength that we added to the existing technology. 

After the ideas for the body suit, sensors, and the functionality of the sensors came the development of the user interface for the PDA device that the rehabilitation client would use. The design was to be a simple yet multi-functional system that the user could learn easily while having a whole host of information at their disposal. Also, an important implementation factor was the size of the interface we had to work with. Since the screen would be a small one on a PDA-like device, we had to be very creative to maintain the user friendliness while not losing any of the functionality we were planning to implement. We used some products currently on the market to give us an idea of where we could go with the interface and also how we could improve what already exists. Such products were CrossTrainer Fitness Software
 and FitnessBliss Fitness Software
.
Doctor’s Interface Tutorial

The Doctor’s application development was relatively simple. We needed a way to store the personal information of the user as well as an interface to select the workout that each specific patient would perform. So, for this portion of the product, we found only two screens necessary, one for each of the needs mentioned.

Screen 1 – Input Patient Information
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Above is the first screen of the Doctor interface. Its purpose is to input and store the patient’s information. There is error checking to make sure valid values are filled in for each text box.

Screen 2 – Patient Workout Selection 
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The Workout Selection Screen is for the doctor to be able to select the specific workout, weight, number of sets, and number of repetitions for the patient. After each exercise is selected, a description of the workout is provided below it:
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There is a search function that goes through the database as the user types in each keystroke, going to the most current match. For example, if a user were to input "Shr" in the search function, the search would jump to "Shoulder Raises" on the pressing of the 'S', stay on that for the 'h' since it still matches, then finally ends up on "Shrugs" when the 'r' is pressed: 
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There are also two arrows, one that points left, and one that points right. The arrow that points to the right is used to add the selected workout in the database with its specific weight, sets, and repetitions. Notice that the workout that was added, Declined Press, was removed from the database window and now exists in the suggested workout:
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The other arrow is one that points left which removes a selected exercise from the suggested workout and places it back into the database. In this example, the screen will look similar to the beginning Workout Selection Screen. Notice now that the Declined Bench Press is now listed back in the database now that it is no longer part of the workout the doctor had been building: 
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Diamond Suit Interface Tutorial

Every screen on the Diamond Suit System provides a help button that displays clarification and/or useful information regarding the current screen. All screens, except for the Log In Screen provides buttons on the top portion of the device that the user may press to redirect to another action.

Log In Screen
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Once the device is turned on, the Diamond Suit prompts the user to enter his/her designated pin number. The pin number is a four digit code programmed into the device by the Diamond Suit’s owner, which is normally the physician. If a correct pin is entered, the Home Page will automatically appear. However, if the pin entered is incorrect, the user will be asked to try again. The Diamond Suit System will not allow the user to proceed unless a correct pin number is entered. If you do not know your pin number or need to change your pin number, please contact your physician or the Diamond Suit owner. This screen will not appear again until the next time the user turns on the device.

Home Page Screen
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The Home Page Screen displays the four possible actions: view current work out session, view rehabilitation progress, view current body condition, and changing setting options. The user is able to choose the action by clicking on the large icons or pressing the buttons with corresponding actions. Please see the action’s corresponding page for more information.

Work Out Screen
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The Work Out Screen initially displays the current day’s work out specifications. The screen displays the exercise, the number sets recommended, number of repetitions per set recommended, and status of the exercise. The exercise and recommended numbers are pre-programmed into the device by the physician or the Diamond Suit owner. The status indicates whether the exercise is In Progress, Completed, or Incomplete. The user may browse through the exercise list by scrolling up and down the list or pressing the next and back buttons. Once the user has selected an exercise and pressed enter, the user is expected to complete the selected exercise. 
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A screen will appear displaying the current exercise that should be in progress. If weights are needed for the exercise, weight in pounds will be displayed. The Diamond Suit will keep track of the number of repetitions per set and number of sets the user has completed through the many sensors positioned all over the suit. To proceed to the next exercise, the user may press the button labeled, “Next Work-Out.” To go back to the last exercise, the user may press the button labeled, “Last Work-Out.” Once all the work outs have been completed, the screen will return to the Work-Out Screen. If the user decides to end the work out early, the user may press the button labeled, “Done,” and return it to later time. However, the user may only complete exercises assigned on the current day. By pressing on the button labeled, “Work-Out,” it will return back to the Work Out Screen.

To view previous work out sessions, return to the Work Out Screen. Using the calendar, the user is able to select a date and the work out on the specified date will be displayed. If no work out session was created for the specified date, the work out list will be blank. The user will only be able to update on work out sessions assigned on the current day. Previous and future work outs cannot be updated.

Progress Screen

[image: image11.png]oS

Home. Work-Out

Progress Condiion

Tuesday . November 30, 2004

Musce Strength Progress.

~End Date

Tuesday . December 07, 2004 .

E——————

Parcertage

Time.





The Progress Screen exhibits a graph visualization of the user’s muscle strength progress over a period of time. . The screen itself is split up into two parts. On the left hand side, there are two drop-down menu for a start date and a end date. The user chooses a date on both calendars and on the right hand side there will be a line graph that shows graphically how the user progressed between the two chosen dates. The user can get a sense on how well their rehabilitation workout is going over a long period of time. This presents the user with the necessary information that they may be needed in case they want to change up their workout due to the patterns that the line graph will project.

Condition
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The Condition Screen exhibits the user’s current condition state. The heart rate, muscle strength, and blood pressure are measured through the suit’s sensors. At any time the Diamond Suit receives signals of excessive stress on the body or muscle, the Diamond Suit will send out a warning signal (by audio and visual) indicating that the current work out must be terminated. 

Settings Screen
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The Settings Screen can only be accessed through the Home Page Screen. The user may be able to change the language of the text displayed and/or configure Bluetooth Connection. 
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The languages offered by Diamond Suit are Chinese, English, French, and Korean. English is the defaulted language when the device is set up. Once the language has been set, the device will remain in that language until the next language selection change. 
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Diamond Suit offers Bluetooth Connection (wireless connection) to send data from the hand-held device to the physician’s computer, and vise versa. The patient, physician, physician’s computer, and device all have an ID associated with them and all the IDs must match correctly for the Bluetooth Connection to be validated. To enable the connection, click on the “Enable” button and to disable the connection, click on the “Disable” button.

Development Process

This section discusses the development of Diamond Suit system. First, the tasks that we foresaw Diamond Suit would be used for are listed. From these tasks we were able to determine the system requirements that were essential for the product’s implementation. Then, low-fidelity prototypes are shown. After that, the process by which the low-fidelity prototypes were converted into high-fidelity prototype is described. Finally, the usability testing process is explained.

Task Examples

a) Long-term Shoulder Injury (user is the patient)
John, a 20-year-old minor league baseball player for the Reading Phillies was the starting pitcher in his game one night. In the middle of the 5th inning, John threw a pitch and grabbed his throwing (right) shoulder in agonizing pain. After consultation with the team’s trainers and doctors, John was told he had a serious injury, so he was entered into a rehabilitation clinic. After being reviewed by the physical therapist, it was determined that John had torn his rotator cuff. The physical therapist recommended the Diamond Suit to John after a short debriefing and consultation about the product. John decided to give the suit a try and began the process that was described to him. Weekly checkups and daily workout routines over the course of 10 months brought John’s shoulder back to full strength and allowed him to start pitching again. 

b) Strenuous Activity outside the Workout Routines (user is the patient)
Bill, a 19-year-old college student had hurt his back while jumping on a trampoline with friends. After a trip to the doctor, Bill was advised to enter rehabilitation to repair his back. At his local rehabilitation center, he was interested in the idea of the Diamond Suit and decided to give it a try. Bill was fitted with the suit and was told he would have a short-term workout period in order to get his lower back to the shape it was in before his injury. Two weeks into his rehabilitation, Bill heard his doorbell ring in the middle of his daily workout. While still wearing the suit, Bill answered the door and signed for a large package from FedEx. Unaware of how heavy the package was, Bill attempted to lift it and was immediately alerted by the Diamond Suit that the weight of the package exceeded the maximum weight he could lift with his back during his current period of rehabilitation. Bill put the package down and later had a couple friends bring the package inside his house for him.

c) Physical Therapist’s Perspective (user is the doctor)
Dr. Smith, a physical therapist for NovaCare, is a licensed operator of the Diamond Suit. One day, Dr. Smith saw a patient, Ron, who came to him about a tear in his bicep. After giving Ron the rundown about the Diamond Suit, including an information session and a short demo, Ron decided he would like to use the suit for his rehabilitation. Dr. Smith saw Ron once a week for 4 months. Each week, Ron was questioned about the workouts and information was exchanged from Ron’s device to Dr. Smith’s device. Using the information gathered, Dr. Smith structured the weekly workouts for Ron. At the end of 4 months, the suit had successfully helped repair Ron’s bicep, and the suit was returned to the rehabilitation center.

d) Hairline Fracture (user is the patient)
Dave, a 21-year-old college student had hurt his right hand while playing basketball with his friends. After a trip to the doctor, Dave was told that he has a hairline facture in his right hand. He was advised to enter rehabilitation to heal his hand and to make its muscles back to their original strength. He had read about Diamond Suit, so was interested in trying it. He was suited up with the Diamond Suit and was advised that he would need a long-term workout period in order to get his right hand in its original shape. After one month into his rehabilitation, he went for his monthly checkup and the physical therapist did a complete analysis of him. Due to the workout described to him by his doctor and daily routines helped Dave to recover his strength and heal his hand in a course of just one month.

e) Short-term abs Injury (user is the patient)
Ken, a 23-year-old graduate, while doing his abs workout, he ruptured one of his muscles. He immediately stopped his workout and went to see his doctor. After consultation with his doctor, Ken was told that his injury was not that serious. It was just a muscle rupture but still he was advised to enter in a rehabilitation clinic. After being reviewed by the physical therapist, Ken was recommended to use the Diamond Suit. Weekly checkups and daily workout routines over the course of 2 weeks brought Ken back to his full strength and back to gym again. 

f) Emergency (user is the doctor)
Dr. Steve is a licensed operator of the Diamond Suit. One day, a patient was brought in emergency. He had bent his back and could not straight it up. While trying to straight his back, the patient felt intense pain. After describing the details of the Diamond Suit, the patient decided that he would like to use the suit for his rehabilitation. Dr. Steve saw this patient once a week for 6 months. Every week, Dr. Steve used to get the details of the patient’s workout and according to his progress change the workout or make the workout more intense. All this information was exchanged and stored through the patient and doctor’s device. At the end of 6 months, the suit had successfully helped repair this patient’s back and the suit was returned to the rehabilitation center.

System Requirements

Our system requirements will be in two parts. The first part will describe the system requirements for Diamond Suit itself. The second part will describe the requirements for the application that interfaces with the Diamond Suit. This application will be on the physician’s machine.

Diamond Suit Requirements

a) Must absolutely have:
The Diamond Suit itself will be a spandex suit that covers the whole upper body from neck down to waist (see prototype picture on right). This suit will be made from neoprene, a stretchy synthetic rubber material. It must have a series of sensors through out the suit and wired to a central processing unit, which will send information to the external device. For the information transfer, the wetsuit will have an integrated low powered Radio Frequency device.
The PDA-like device attached to the user’s arm will be the main interface the user will interact with. The device will be constructed with a hard drive capable of storing at least 5GBs, a WiFi wireless device which is in accordance with the IEEE 802.11b standard, hardware that connects to local mobile phone wireless services such as Cingular, SprintPCS, T-Mobile, or AT&T Wireless. This capability permits the device to immediately contact an ambulance when it stops receiving a heart pulse. To power the device, we’ll implement high-capacity batteries that last at least 8 hours per charge and an A/C adapter to recharge its batteries. We’ll also install a low powered Radio Frequency to retrieve data from the body suit. This technology will feature software that make the suit compose beep sounds as soon as it’s getting near out of range from the PDA-like device. For visualizing data from the device, we’ll include a Liquid Crystal Display (LCD) with a backlight capability.

b) Should haves
In addition the aforementioned must-haves, the LCD screen the device should be sensitive to a stylus or human fingers, in other words, it must be a touch-screen. It should be equipped with a stylus to navigate the screen. 

c) Could haves
Lastly, we could double the hard drive space to store more data. We could also embed a radio tuner wired-in along with a headphones jack. This permits the user to listen to his or her favorite talk shows, or radio programs while they workout. It also avoids the user from having multiple devices during workout. The device could also come with a cradle for neat storage of the device overnight. The device could also come with a software application for the user. Its use would be to link the device to the computer so the user can upload his or her mp3s to listen to during workout.

Doctor’s Application

a) Must absolutely have
The physician’s application will be software to be installed from a read-only removable media such as a CD-ROM. For the application to be installed and operated appropriately, the personal computer hosting to application will be running a working version of Microsoft Windows 2000/XP for the scope of this class. On the product release version, it would be preferable to develop everything in Java so the application can work on Windows, Macintosh, Linux and other UNIX Environments. The computer hosting the application must also be connected to an IEEE 802.11b access point. 

b) Should have
Our software should have an embedded communication encryption to protect user information being sent back and forth from the PDA-like device to the physician’s machine. This will prevent network sniffing.
The Usability Test

The usability test was given to friendly and professional acquaintances using laptops that were loaded with our low fidelity prototype. The users were told to imagine the prototype was displayed on a device that is about the size of a common Personal Digital Assistant (PDA). The small buttons in the upper and lower parts of the Graphical User Interface (GUI) were used to simulate push-buttons that would be located on the sides of the PDA-like device. Each person was informed that they would be wearing a tight, long-sleeved shirt, similar to an Under Armour shirt, while having the PDA-like device attached to their upper-arm, around the bicep and triceps. 

Pre-Test User Information

The users of our prototypes varied in their levels of knowledge and experience with working out and exercise expertise. We intentionally took different skill levels in order to create a wider range of responses to our design. The level of experience ranged from those who frequently go to the gym (advanced), those who go occasionally (intermediate), and those who rarely or never have gone to the gym (beginner).

The age range of our test subjects was 20-23 years old (college students), with an outlier of one expert who was 42. Our users were predominantly male who frequented the gym about 3 times a week on average. Most had their workouts somewhat planned or completely planned before starting their routine each time they entered the gym, with nobody using an electronic device to record their workout results each day. About half of the users before the Usability test said that they would use an electronic device to record data is one was provided to them. The users showed that a PDA size device on one’s arm was somewhat not preferred. However, most of our users showed that they were comfortable in wearing a top that is a long-sleeved tight shirt, something similar to Under Armour. Finally Most of our users showed that they were comfortable in using a PDA like device. 


Subject One 
The first subject was a 21 year old male. He is a student at the University of Maryland, College Park. He had a right shoulder injury a month ago. He commented that this system is very efficient for recovering from a major injury. The system gives details on a day to day routine and recovery. The device would also help him to use his muscles efficiently and recover quickly without damaging any other muscle.

Subject Two
The second subject was also 21 year old male. He regularly works out at the gym. He stated that having a detailed list of workouts and a planned routine would help him to concentrate on his workout. The device would also help him to use his muscles efficiently and while working out, the device would keep track of his heart rate and informed him if his heart rate became critical.

Subject Three 
The third subject was a 20 year old male. He could never become a regular in going to the gym. His experience with the system was also positive. He commented that having a compact and a light weight device on the arm kept him focused on his workout and it didn’t come in the way of his exercise. Also the logging screen and a unique pin number kept his data secure and protected. He really liked this feature of the Diamond Suit interface. He was also impressed by the icons for each area, as they made it easy to select and helped him process the workouts quickly.

Subject Four
This subject is a recent graduate from American University. He is a 23 year old male. In addition to playing tennis for the school during his undergraduate career, he is also the Eagles new Tennis coach. Although he has never had any major injuries, he liked the idea of the Diamond Suit project. He admitted that since he wasn’t a tech savvy person, getting used to the PDA would be a learning curve, but he then proceeded to say that since he liked the device features, he would be willing to try to get over that curve.
He also recommended several features. He mentioned that in addition to using the Diamond Suit as a rehabilitation helper, he would also use it as a workout trainer.

Subject Five
This subject was the oldest test person we tested our interface one. He is a 49 year old tennis trainer. Observing him during the usability test, we noticed that he was slow in using it. During a short conversation after the usability test, we realized that the user had very little exposure to technology. This user has never owned a CD player, or even a computer. Although he saw the usefulness of the Diamond Suit he still had trouble using it because of his lack of exposure to technology.

Subject Six
This subject was a 20 year old female. She’s a current student at American University who plays tennis as a hobby and works out regularly. After taking the usability test, she showed only slight interest in the Diamond Suit. She implicitly mentioned she wasn’t competitive enough to get injured. She didn’t believe she would ever use the Diamond Suit. She did however find the interface easy to use and intuitive.

Subject Seventh
This subject was a 21 year old male. He is part of the management staff at a gym. He is a regular to the gym and works out often. He does not record his workout but rather remembers the amount of his workout on his own. He had a positive impression on the project. He was a little confused however with some certain tasks, but overall liked the interface. 

Subject Eighth
This subject was a 19 year old male. Goes to the gym on his spare time, he however rarely lifts weights. He is some what technological savvy and has used PDA like devices. He liked the idea and purpose of the interface, the noted that it was very interesting. He went through the tasks without any problems.

Subject Ninth
This subject was a 19 year old male. Goes to the gym regularly and uses supplement when lifting weights. He felt the interface was easy to use, though he did go through some problems with the tasks. Overall he liked the idea of the Diamond Suit.

Usability Test Tasks

The users of our prototype were asked to perform several common tasks and then give their feedback. The touch-screen, push-buttons, and stylus were simulated with a Visual Studio GUI using Visual Basic and a mouse. Tasks:

1. Turn on the PDA device and log into the program by entering your password.
• The user was told that they would be using a stylus to enter a 4-digit code to unlock their device. This action was simulated using a mouse.

2. Click on “Settings” and adjust if necessary
• The user was told to select their preferred language and that the ability to select a Bluetooth connection would be available, but the latter would not be available in the testing.

3. Click on “Condition” and view your current condition
• The user was told to view their muscle strength and their heart rate. These values were created and not actually obtained for the prototype.

4. Click on “Progress” and view past workouts
• The user was told to view the results of a particular day in the past that they had worked out. Next, they were told to view their progress during a time span. These values were created for the prototype.

5. Click on “Workout” and view workout details
• A workout was created and the user was told to skip an exercise and move on to the next exercise. This simulated the ability to perform a particular routine in the order the user desired.

6. Finish the Workout
• Users were told to complete their workout. Clearly, this was simulated similar to the other tests performed involving the suit itself.

7. View condition at the end of your workout
• The user was told to now view their condition, similar to Task #3. However, this time the condition was post-workout.

8. View your progress after today’s workout
• Much like Task #4, user was told to view their progress. However, this time the “current day” used in the test was to be used as one of the days in the day-selection process.

9. Exit program.
• The user was told to exit the current screen and log out of the program. 

Results

After letting the users go through the given tasks, we had the users fill out a post test survey. In the post test survey we asked how well the user liked the different screens of the interface on a scale from 0 to 5 (0 being the least and 5 being the most). For the Authentication page, the average score out of twelve users was a 4. This was considered good for most users. The Home screen also received an average score of a 4. We did receive some comments during the tests that people did not like the fact that you had to select the icon and then press enter, to go to the selected screen. Another comment about the Home screen was that the user would like it if the enter button acted in a manor that would open more features to the user. The Settings screen received an average score of a 3. The users did not like the fact that a new window opened during the tests with the Settings screen. They found that the Setting screen was hard to understand and that they did not like the fact that no back button was provided. The user also commented on how the Settings screen should provide the user with more languages. The Condition screen received an average score of a 4. The Progress screen also received an average score of a 4; there was however a comment from a user that they would like the alignment to be better. The Workout screen received an average score of a 4, which like most screens is a good score. However, some users thought that it was unrealistic to complete all those workouts in one session, though our group found this comment to be arbitrary because a doctor or physician would be the one providing the user with the exercises.

When we asked the user if the information provided on each of the information screens was adequate. We found that for the information that was provided on the Current Condition screen, Workout screen, Immediate Workout screen, Immediate Workout Calendar screen, and the Workout Progress Calendar screen; that all the screens received an average score of a 4. The only comment we received out of all the information screens was concerning the information provided on the Current Condition Information screen. The user felt that we should provide information on the user’s body fat, user liked the idea on having the interface provide the user’s body fat because they wanted to see how much body fat they had lost during their workout. 

In the post test survey we also asked questions concerning how the user felt about the size of the interface, the icons that were being used, the product being wireless, the button placement on the interface and the PDA placement of the product when in use. We found that the size of the interface was acceptable for most users. The scores varied because some users would rather have a larger screen while others would rather have a smaller one. The icons that were used, received an average score of a 4, which is a good score. We found that the button placement on the interface was fair with an average score of a 3. The users really liked the fact that the product would be wireless with a strong average score of 5. Finally, we found that the placement of the PDA like device on the arm when the diamond suit is in use received an average score of a 4, which is good for most users. 

Overall the interface scored an average of 4 to the users that were tested. This is a good sign that our group is on the right track, but leaves us room for improvement. 

Changes

Below are some of the concerns about our interface that we have confronted and fixed. A score of 1-5 points in terms of importance (5 is most important) and effort (5 is most time consuming) is given to each problem giving you the idea on how we went about solving each problem. 

	Problem
	Importance
	Effort

	Changing the Home screen. 
	4
	4

	Changing the Settings screen.
	5
	5

	Changing the Button Placement.
	3
	4

	Changing the Size of the interface.
	3
	4

	Adding information on user’s Body Fat. 
	2
	2

	Change the placement of the PDA when in use.
	2
	1


Low Fidelity Prototype: Doctor's Interface

Patient Information
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The physician must enter in patient information. This includes the patient’s first and last name, weight, height, address, birth date, and a notes section. The notes will be used to state the patient’s rehabilitation issues and recommended solutions. It will also include any updates notes on the patient’s rehabilitation program. 

Workout Recommendation
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This form provides a list of all possible workouts pertaining to the patient’s specific rehabilitation program. On the left portion of the form, the physician is able to type in a search keyword that will highlight a corresponding workout type. This allows the physician to quickly access specific workouts. By clicking on the arrow pointing right, the highlighted workout is added to the list of recommended workouts used with the Diamond Suit and deleted from the list of all possible workouts. The physician is able to add as many workouts as necessary. On the right portion of the form, there exists a list of recommended workouts for the patient to do with the Diamond Suit. The physician is able to search on this list by keywords as well. By clicking on the arrow pointing left, the highlighted workout is deleted from the recommended workouts and added back into the list of all possible workouts. The physician may submit the request by clicking on the Complete Button or clear all the recommended workouts by clicking on the Clear Button.

Low Fidelity Prototype: Diamond Suit Interface

During the low fidelity prototype phase, the team was divided into 2 groups and each group came up with a different low fidelity prototype. Below are screen captures of one of the low-fidelity prototype.

Authentication Screen
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This is the first screen a user sees when he powers on the device. The device is pin protected to secure the personal information and data of the user. The user has to enter a correct unique four digit pin in order to login to the system. Any combination of four digits can be selected from this screen. Pin number is entered by selecting each digit by a stylus. If a user enters a wrong pin number, there is a “clear” button, which allows the user to retype his pin number.

Home Screen
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Home screen is the first screen after the log in screen. Once on the Home screen, there are different icons to choose from. The first icon is of “Workout”. Workout gives the details what a user has to do on that day. Which exercise the user has to go through to complete the workout routine. 

Second icon is “Progress”. Progress stores the information of the past workouts. How many and which workouts did a user perform on a certain day. All the previous information about the user and his current condition on a certain day can be retrieved from “Progress”. 

“Condition”, while working out gives the details of the current heart rate and muscle strength of the user. The user can access his condition at any point during his exercise and stop if he over does himself. 

“Settings”, give user the power of changing the settings of the device according to his comfort. If a user is left handed he can change that through selecting “Settings”. The device is set for right handed by default. In the “Settings”, the language of the device can also be changed to other major languages. By default it is set to English.

All of these icons can be selected by scrolling up and down on the scroll pad. The scroll pad is on the both sides of the device; for left and right handed. There are three buttons also on the side of the device to select an icon, move in or out of a screen. Once the icon is highlighted, it can be selected by pressing “Enter”. To move between the screens can be done by pressing “Next” and “Back”.

Current Health Condition Screen
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This screen displays the current heart rate and current muscle strength of the user. On the left side of the screen it displays a human body figure, male or female, depending on who is the user, to signify that which muscle the user is exercising.

Workout Screen
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The workout screen’s purpose is to keep track of the type of workout the user is going to perform, number of sets and reps of the workout, and if the user has completed that exercise. The workout screen itself is split up into to screens. The left side of the screen contains a calendar where the user can select the date of a workout that he or she wants to look up. The right side of the screen contains the information of the workout on that day, such as the Exercise name, the number of sets, reps and status, which is if the user has completed that particular exercise. 

Immediate Workout Progress Screen
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The immediate workout progress screen’s purpose is an immediate view of the user’s progress as they are executing the exercise. This is helpful for the user because if the user was trying to max out on the number of reps, the user does not need to keep track on what number he or she is on, instead they can concentrate on the technique of the rep. The screen itself has an icon representing that screen on the left hand side, while on the right hand side is has the number of sets on the upper left hand corner the number of reps per set on the right hand corner and the current weight of the workout in the lower middle.

Workout Progress Screen
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The workout progress screen’s purpose is to show graphically how much the user improved/worsened in a certain span of time. The screen itself is split up into two parts. On the left hand side, there are two calendars, the start calendar and the end calendar. The user is to choose a date on both calendars and on the right hand side there will be a line graph that shows graphically how the user progressed between the two chosen dates.

This is useful for the user so they can get a sense on how well their rehabilitation workout is going over a long period of time. This will give the user the necessary information that they will need to incase they want to change up their workout due to the patterns that the line graph will project.

Settings Screen
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The settings screen’s purpose is to give the user access to changing the language of the interface, to toggle between left handed people and right handed people, and wireless configuration. The language icon will change the language of the interface to the user’s preference. The left handed right handed toggle icon, will toggle the interface so it is more suitable for left handed people or to right handed people. Finally the wireless configuration is an icon to configure the wireless network between the suit and the interface.

High Fidelity Prototype: Doctor’s Application

The Doctor’s application underwent very little remodeling from the low-fidelity to high-fidelity prototypes. The basic ideas remained, with slight modifications.

Screen 1 – Input Patient Information
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T he first screen of the Doctor interface. More information was requested from the user from the low-fidelity to high-fidelity prototypes. Also, the required fields were marked, enabling the user to know what must be inputted. Coinciding with the required fields was error-checking that made sure that the text inputted into each box made sense to what was asked (i.e. zip codes must be 5 digits, age must be numbers only, etc.).

Screen 2 – Patient Workout Selection 
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Above are the second and final screen shots in the doctor’s interface. The two search functions that appeared in the low-fidelity prototype became one search function that allowed the user to only search the workout database (left side of screen). Text boxes were implemented that allowed the user to input the specific weight, number of sets, and number of reps for each exercise. Also, a button that allows the user to create a custom workout was put in to enable the doctor to add more exercises than are in the database originally.

High Fidelity Prototype: Diamond Suit Interface

Using low fidelity prototype as a guide, we developed the high fidelity prototype in Visual Basic .NET removing all the errors from the previous version. After making the first interface, it was clear by thorough testing that some changes were required to make the Diamond Suit more easy to use. 

Authentication Screen
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Following with the guidelines of the low fidelity prototype not many changes were made for the Authentication screen. The only changes however was that our group decided to take away the * and # buttons and that we added an extra button on both the top and bottom of the interface. This was done because we wanted to add a help and home button that would always be available for the user. We also decided that four buttons that are on top and bottom of the interface to be very small and sleek. This is because in reality this prototype is a representation of a hardware device and as a group we decided that those eight buttons should be very thin long and easy to click.

Home Screen
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Besides the addition of the Home and Help buttons, there were no major changes from the low fidelity prototype. 

Current Health Condition Screen
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The Current Health Condition Screen had no real changes from the low fidelity prototype. 

Workout Screen

[image: image30.png]



The Workout Screen has minor changes from the low fidelity prototype. First the information about the current work out are now all aligned instead of scattered on different parts of the screen. We also added a Last Work-Out button which will give you the information on the previous workout and a Next Work-Out button which would go to the next work out and give you the information, if there is any, of the next workout.

Immediate Workout Progress Screen
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The Immediate Workout Progress Screen had no real changes from the low fidelity prototype.

Workout Progress Screen
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The Workout Progress Screen changed quite a bit from the low fidelity prototype. One of the major changes was the date selection for the Start Date and the End Date. For the high fidelity prototype when you select a date for both the Start Date and End Date, a calendar pops up and you can choose the date that you want to select. Then we have a View Progress Button that can be selected so that the information on the subjects Workout Progress between those dates can be shown on the right.

Settings Screen
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The right/left hand option was removed from our Settings screen. We felt that it did not increase usability for left-handed users over our current interface.

Conclusion
What was Implemented

Patient’s User Interface:
Authentication Screen
o The user can input their password to access the Home Screen
Home Screen
o The user can click on a button to access different screens of the user interface
Current Health Condition
o The user can view their Current Heart Rate, Blood Pressure and Muscle Strength
Workout Screen
o The user can view their workout, weight, the number of reps and sets
o The user has access to the last workout and next workout
Immediate Workout Screen
o The user can select a date on the left hand side calendar and view the workout, number sets, reps and status if the exercise was completed
Workout Progress Screen
o The user can select a start date and end date and then view their progress on the right hand side of the screen as a line graph.
Setting Screen
o The user can select either to change the language of the interface, toggle between right handed users and left handed users.
Language Screen
o The user can select to change the language of the interface to Chinese, French or Korean.
Configuration Screen
o The user has the ability to connect or disconnect their wireless connection.

Doctor’s Interface:
Patient Information Input Screen
o The user can input the patient’s information
o Error-checking to make sure valid values are inputted
o Required fields are clearly marked
Workout Selection Screen
o Each exercise has a description that allows the user to know what each exercise entails
o The exercise database is searchable
o Workouts can be added to the suggested workout
o Workouts can be removed from the suggested workout and re-inserted to the exercise database

What Needs to be Done

Patient’s User Interface:
Authentication Screen
o None
Home Screen
o None
Current Health Condition
o To be able to view any other possible health conditions that the user might want to view.
Workout Screen
o None
Immediate Workout Screen
o None
Workout Progress Screen
o To be able to view the progress in a different fashion other than a line graph.
Setting Screen
o Adding more optional setting controls that the user can control to personalize their interface. Example: the ability to control the color size and font of the interface.
Language Screen
o Additional languages.
Configuration Screen
o A warning screen telling the user if they are going to disconnect from the physician.

Doctor’s Interface:
Workout Selection Screen
o The ability for the doctor to add an exercise that is not in the database
o The transferring of data from the doctor’s interface to the patient’s DA-like device
o A screen that can take information from the patient’s device and read data or display workout information

Recommendations to Future Developers

When concentrating on the rehabilitation value of our product, future users should think of ways to build upon the functionality that we have developed that do not change the concept, but instead increase the experience of using our product. For example, an extension to the doctor’s interface could be created that would allow the doctor to communicate with the patient’s PDA-like device at any time. Also, the same could be added to the patient’s interface, enabling communication with the doctor. This way, if there is any kind of update needed or emergency, the two devices could link wirelessly or possibly cellular, and take care of the issue immediately.

However, we would also like the future developers to keep in mind that other than rehabilitation patients, athletes have a great interest in our product. This is because they are serious in working out and would like to know more about their body in hopes to provide a more efficient workout plan. Also, our product can be useful to those who do not usually go to the gym. This is because when people who are new to working out, they are usually unsure about themselves. For them, if they do not see any sort of immediate result in their workout, they will quit and will choose to not workout any longer. It was suggested that our product should have the capability to measure the size of muscle width and the loss of body fat, to give their users immediate results, so they would not feel so discouraged.

References

For our references we constructed this document into two sections, Comparable Products and Research. The references under Comparable Products have to do with products that already exist that have certain similarities with our product. The references under Research are references that we plan to use when creating our product and its interface.

Comparable Products

1. Body Armor and Personal Equipment of the Colonial Marines. Retrieved 03 Oct 2004.
http://www.gurpsmaster.de/cmequip.htm#bodyarmor
The M3 Armor Rigid Vest that is described on this website uses a biomonitor that picks up EEG, EKG, respiratory rate, circulation functioning, and visual acuity, which are many of the functions we want to incorporate into our vitals section of our PDA device (picture: http://www.dusted.net/oldalpha/weapons/armor.html).

2. Crosstrainer Fitness Software. Retrieved 04 Oct. 2004
http://www.crosstrainer.ca/palm/palm_fitness.htm
This website provides information on their PDA software and pictures of their user interface. Like most comparable products, this will give our group a sense of what to provide the user for our own user interface. 

3. FitnessBliss The Ultimate Fitness Software. Retrieved 04 Oct. 2004
http://www.blisslogik.com/en/products/fitnessbliss/how_it_works/index.htm
This website provides a multiple screenshots of their products user interface. Our group can use this website as a baseline or example for us to look at when creating a prototype for our product.

4. Garmin Forerunner 201. Retrieved 02 Oct. 2004. 
http://www.thebuzzelectronics.com/item.asp?model_num=Forerunner201
The Forerunner is a simple training mechanism that helps runners during each workout. The interesting part of this product is the opportunity to add a Virtual Partner to your workout, much like how we are providing a type of virtual trainer to our product. Also, this mechanism is a small device that displays data, comparable to the additional device we have with our suit.

5. Personal Trainer-PDA v3.0. Vesteon Software. Retrieved 30 Sept. 2004. 
http://www.vesteon-software.com/PersonalTrainerPDA-PPC2.htm
Vesteon Software developed a device for the Personal Trainer to keep detailed records of workouts, billings, goals, and personal measurements for his/her clients. It is for the single-user, but made for multi-clients. The features provided will be helpful in our design as the beginning step.

6. Pocket PC for All. Retrieved 02 Oct. 2004. 
http://www.ppc4all.com/appdetail.php?id=2330
The BioBody Personal Trainer allows users to log their workouts and reference previous workouts, much like our product will allow. After workouts, graphs are compiled with the person’s weight, body fat, water intake, workouts completed, weight used, blood pressure, resting heart rate, and measurements. Our product will strive to provide this type of data and more.

7. Space, NASA. 28 Nov. 2001.
http://www.space.com/businesstechnology/technology/body_power_011128-1.html
NASA has been researching on making small devices that are attached to human body that is powered by the user’s body heat. This is relevant to our product because a PDA like device will be connected to our body suit to store the information and the daily routine of the patient. Using the information from this website it will help us develop a PDA like device powered by the user’s body heat.

8. Under Armour. Retrieved 03 Oct. 2004. 
http://www.underarmour.com
This website gave us the idea that the upper body suit should be something tight yet comfortable to wear. The first thing that came to mind was Under Armour. Their product has been very popular and is a good example on explaining to people what the upper body suit might be like. 

9. Verhaert Wearable Systems. Retrieved 03 Oct 2004. 
http://www.verhaert.com/pdfs/ALERT%203D%20motion%20capture6.pdf
This is a 3D Motion Capture Suit that can be used for video games, virtual reality, television, and games. It is also currently being used in biomedical and research fields. The biomedical aspect was a big appeal with this suit, since it is along the same lines we are designing our Diamond Suit.   
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1. “A Patient's Guide to Rehabilitation of the Cervical Spine.” University of Maryland Spine Center. Retrieved 3 Oct. 2004 
http://www.umm.edu/spinecenter/education/rehabilitation_of_the_cervical_spine.html
The guide provides an outline of the rehabilitation process directed towards cervical spine. It includes evaluation, treatment, exercises, and prevention techniques. The spinal cord is the main link to all parts of the body, including motor sensors, muscles, etc. Most of the sensors will be placed in the spinal cord area, due to its significance in sensing muscular movement and body reaction to an exercise. 

2. Bak, David. “The complex motion of standing still.” Global Design News. Retrieved 03 Oct. 2004
http://www.e-motek.com/medical/press/design_news.htm
This website provides research on the complexity of muscle movement. Using this website we can gather information from their research to help us produce a better product to help patients in rehabilitation. 

3. Bandy, William. Sanders, Barbara. “Therapeutic Exercise – Techniques for Intervention.”
This book is about the therapeutic exercises used in rehabilitation. We can use the information from this book to get the details about the exercises that we can use in our product. 

4. Biosensors. Retrieved 03 Oct. 2004.
http://www.hitl.washington.edu/scivw/EVE/I.D.1.c.Biosensors.html
Biosensors are a neural interface technology that detects nerve and muscle activity. This is relevant to our product because our body suit will be consisting of sensors to detect the muscle movement and strain of the user. This website will help provide the details and working of the sensors.

5. Duncan Graham-Rowe. "Good Legs teach Bad Legs to Walk". 
http://www.scienceblog.com/community/older/2002/D/20024335.html 
This article gave a good example how helpful rehabilitation is to the people who need rehab. This gave our group a sense on how important and the seriousness of rehabilitation. 

6. Geroch, Margaret S. “Motion Capture for the Rest of Us”. Journal of Computing Sciences in Colleges 19.3 (2004):157-164.
Much like the article “A Brief History of Motion Capture for Computer Character Animation”, this article gives our group an idea of how motion is captured and monitored by sensors, which is the main objective of our Diamond Suit. 

7. Hogan, Paul F., et al. “Physical medicine and rehabilitation workforce study: The supply of and demand for physiatrists”. Archives of Physical Medicine and Rehabilitation 77.1 (1996):95-99.
This study is relevant to our product because it discusses the demand for rehabilitation in the future. It also discusses how necessary physiatrists are and the state of the practice. This is important to our product, because there needs to be a market for our product for it to be successful.

8. Kuritzky MD, Louis. "Extend Yourself for Low-Back Pain Relief" The Physician and Sports Medicine. Vol. 25. No. 1 (2001). Retrieved 1 Oct. 2004. 
http://www.physsportsmed.com/issues/1997/01jan/back_pa.htm
With simple exercises and proper positioning of the body, patients may reduce lower-back pains. The article prescribes simple exercises that can be performed at home, however it will probably not be the same exercise prescribed by the physical physician. The body areas of focus will be the similar and this will assist with the decision of sensor placement. 

9. Larsson, Ulla-Britt, et al. Rehabilitation of long-term sick-listed patients in Sweden through techniques of sports medicine. Journal of Back & Musculoskeletal Rehabilitation 15.2-3 (2000):67-76.
This article is an example of different patients and their experience with various techniques of rehabilitation. 

10. Men's Health Magazine Tons Of Useful Stuff. Retrieved 03 Oct. 2004 
http://www.menshealth.com
This website provides us with an array of research. Such as popular fitness exercises, typical health concerns, and rehabilitation ideas. 

11. Provance, Patricia. Kendall, Florence. McCreary, Elizabeth. “Muscles – Testing and Function with Posture and Pain.”
This book explains muscle testing from the original pioneers who developed the techniques. This book will help us evaluate and design a system that would grasp all the important details of muscular system. This book will help us decide on where to place the sensors on the body so that our product will be able to pickup the most accurate amount of data from the user.

12. “Rehabilitation.” OMNI (Organising Medical Networked Information). Retrieved 03 Oct. 2004
http://omni.ac.uk/browse/mesh/C0034991L0034991.html
This website provides us with research on the different kinds of methods and treatments that are used for rehabilitation. Using the information that is provided by the website, it will help us when we devise different kinds of methods and treatments for the user to use in their rehabilitation workouts.

13. Sandor MD, Rick. “Exercising the Frozen Shoulder”. The Physician and Sports Medicine. Vol. 28. No. 9 (2000). Retrieved 1 Oct. 2004. 
http://www.physsportsmed.com/issues/2000/09_00/pa_sandor.htm
Frozen shoulder, also called adhesive capsulitis, results from shrinking and scarring of a previously normal joint. It involves significant shoulder pain and loss of movement. The article describes how to control the pain and suggests exercises without the need of a gym or weights. This is relative to our product because it will provide exercises for users who want use our product in their home, without the need to go to a gym or use any weights.

14. STT Motion Captor RT – Optical Motion Capture System. Retrieved 03 Oct. 2004. 
http://www.tech.purdue.edu/cgt/courses/cgt442/STT_Manual.pdf
This site gives our group an idea of the motion capture technology that is presently used. The specific focus here is the technology at Purdue.

15. “Sports Injuries Index by Body Area.” Sports Injury Clinic.net. Retrieved 2 Oct. 2004 
http://www.sportsinjuryclinic.net/cybertherapist/injurylist.htm
Based on body area, the webpage provides a list of sports injuries. Each injury is a link to a description and other information of the injury. The Diamond Suit is meant for the upper body only. All of the possible injuries in the upper body and their targeted areas will assist in the sensor placement and one of the features of the interface.

16. Sports Injury. Retrieved 02 Oct. 2004.
http://www.sportsinjurybulletin.com/
This website gives details of sport injuries and their treatment. Since product is related to rehabilitation, this website will provide us useful data for the PDA like device. Our interface for our product will include a daily exercise routine for the patient, so with the information provided from this website we will have the necessary steps for the rehabilitation treatment for our user.

17. Sturman, David J. A Brief History of Motion Capture for Computer Character Animation. Retrieved 03 Oct. 2004.
http://www.siggraph.org/education/materials/HyperGraph/animation/character_animation/motion_capture/history1.htm
This article gives our group an idea of how motion sensors can be used in motion capture suits. The techniques used can give us an idea of how to sense the patient’s movement throughout workout.

18. Weerapong, Pornratshanee, et al. Preventative Strategies for Exercise-Induced Muscle Damage. Critical Reviews in Physical & Rehabilitation Medicine 16.2 (2004):133-149.
This article provides our group with a greater explanation of how to avoid injury while exercising. The importance lies in the way we design our workouts for the rehabilitation patients. Knowing what to avoid when exercising will help to ensure no further injuries will occur when the patient is working out
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