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Augmented Reality	

•  One view of the future of computing that has captured our 
interest is augmented reality (AR), in which computer 
generated virtual imagery is overlaid on everyday physical 
objects. 

•  AR is not a buzzword anymore and many trials of 
demonstrating AR systems/applications can be seen in 
YouTube and other video sharing websites as well as 
technical publications.	
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Interactive AR	

•  We have been developing a handheld AR supporting two 
interaction techniques based on the understanding that both 
real and virtual objects should be compatible in 
manipulation.  
–  One is the ability to contact virtual objects by user’s finger, as well 

as to physical objects in the real world. The virtual objects change 
their position, shape, and/or other graphical features according to 
his/her manipulation.  

–  The other technique concerns pseudo manipulation of virtual 
objects. The motion such as shake and tilt to a handheld device 
causes a certain effect to the virtual objects in the AR content. 	
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Markerless AR	

•  We have considered what necessities for the system are and come to 
the conclusion that the following should be satisfied.  
–  The use of fiducial markers which are specially designed for ARToolKit is 

advantageous to pose recognition but not preferable to practical 
applications. Markerless tracking in the sense that no specially designed 
makers are used is indispensable to AR applications in general. 

–  There is a demand for killer applications or novel interaction scenarios. 
–  It is expected to prepare software toolkits or libraries to encourage people 

to develop a variety of fruitful AR applications. 
•  We consider QR codes and natural features such as color and shape as 

markers for object detection and tracking. QR codes have become 
more prevalent in marketing and advertising circles. Use of QR codes 
in AR environments is thus promising. 
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QR code tracking	

•  Recognition of QR codes is executed in two phases, where pose 
tracking is executed separately from code identification. 

•  In order to scan a data pattern at the center of a QR code, the camera 
should be positioned close to it. Otherwise it fails to do scanning. But, 
this task is required just once and no need to continue anymore after its 
success. The user may move the device (or the QR code) away. In this 
phase, what is needed for the system is to track just where the code is.	
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QR code tracking	
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Tracking of a QR code	



System Architecture	
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Interaction with a Virtual Object	

•  The virtual object (3D box in 
the figure) overlaid on the QR 
code can be translated by 
rotating the phone. Here we 
use a built-in accelerometer for 
capturing its posture. While 
only translation is allowed at 
this time, we are going to 
implement a more variety of 
interaction styles.	
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In cooperation with Yamamoto Clinic, Yonago, Japan	

Support of Self-Management 
for Chronic Kidney Failure Patients	
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Background	

•  Nowadays, many people are suffering from the disease that 
their kidneys no longer function adequately. The number 
of such patients with end-stage renal disease (ESRD) in 
Japan is approximately 300,000 and increasing by 10,000 
every year. 

•  Patients go to a hospital to have a typically 3 to 5 hour 
treatment three times a week for hemodialysis.	
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Background	

•  The levels of the waste products to be removed from the blood start to 
increase once a treatment is terminated. It is therefore necessary for a 
patient to be aware of his/her own condition, otherwise, it may worsen. 

•  The patient’s condition can vary greatly depending on the food eaten 
(usually, it is recommended to eat a low-protein diet and to limit the 
intake of fluids, salt, potassium, phosphorus, and other electrolytes) 
and daily activities. Factors affecting the condition differ among 
patients. 

•  Knowing the physical condition accurately and then recognizing the 
necessity of self-management are the key to achieving a better QOL for 
patients. Information and communication technologies could help in 
the realization of self-management.	
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Our Trial – First Step	

•  We have been investigating a mobile phone-based software 
system for dialysis patients. 

•  As the first step, we implemented 
a system in which patients can 
access their own personal records 
through a mobile phone. 

•  Coding was done in Flash, Perl, 
and PHP (not Ruby for this part).	
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Ideas in System Design - General	

•  Here are facts to be noticed: 
–  Patients are not doctors. 
–  Patient’s blood test results may not stay at a normal 

(healthy) level. 
–  Not all patients have a positive attitude toward the 

management of their own health condition. 
–  Patients are not always interested in new, state of the art 

computing systems/devices and do not change their 
mobile phones quite often.	
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Ideas in System Design – 
Visualization of Blood Test Results	

•  A dialysis patient takes a blood test once a month. Test results help the 
patient maintain his/her health at the best possible level, but presenting 
these results simply in numbers is not sufficient owing to the 
following: 
–  Patients cannot be expected to have the medical knowledge to interpret 

blood test results. 
–  Once kidneys have lost almost all of their ability to function, the patients 

cannot avoid dialysis treatment up to the very end of their life. Test results 
are stored as a lifetime record of the patient. Not only the latest test values 
but changes in these values over time are important. Moreover, blood 
chemical levels change easily depending on, for example, the food eaten 
and recent activities. 

–  Blood chemical levels do not remain within normal in many cases. 
Though some blood chemical levels are outside the normal ranges, they 
may not explicitly cause a problem in the patients.	

15 



Visualization of Blood Test Results	

•  We refer to three key levels: normal, average, and latest. 
–  The normal level (or reference range) is provided commonly as a 

guideline for the interpretation of blood test results. 
–  The average level is obtained by averaging the patient’s test results up to 

the present. 
–  The latest level refers to a blood chemical level of the most recently taken 

sample. 

•  Knowing that the average 
level can be above or 
below the normal level, 
test results actually fall 
into 5 states.	
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Visualization of Blood Test Results	

•  The five-state scheme is implemented as follows: 
–  The normal and average levels are expressed by blue and white lines, 

respectively. 
–  The latest level is indicated by a colored arrow with reference to the normal 

and average levels. Red, yellow, and blue arrows indicate deteriorating, 
improving, and good, respectively. Furthermore, the direction of the arrow is 
assigned differently so that the user can easily identify the states. 

–  The icon indicating a warning state is also provided.	
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Visualization of Blood Test Results	

•  We chose seven blood chemical 
parameters that are helpful for 
patients to maintain their health at the 
best possible level.  

•  Five-day test results are displayed in 
one screen. The user can go on to the 
next or previous page (i.e., time 
period) by pressing a button on their 
mobile phone.	
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Daily Symptoms and Self-Review	

•  A separate interface that allows the patients to 
record symptoms and signs daily is provided. Its 
use is as simple as checking the presence or 
absence of each symptom. 

•  One more simple question is attached – an overall 
review of today’s behavior. The answer is simply 
yes or no. It is hoped that this self-review action 
will engage the patient in analyzing blood test 
results and complementary symptoms to identify 
both successful practices and outcomes, and areas 
where the practices and outcomes may require 
improvement.	
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User Study	

•  An experiment aimed to examine how the proposed system affect the 
patients’ motivation to realize a better QOL. 

•  We asked dialysis patients in a hospital to use the system for one 
month, in which their blood test records for the past three months had 
been installed in advance of their trial. Guidance on the use of the 
system was provided simply by a document, and no oral explanation 
was given so that there would be no special bias among the patients. 
We finally asked the patients to fill in a questionnaire, which was 
divided into 4 groups: 
–  visualization of blood test results 
–  entry and visualization of symptoms 
–  entry and visualization of self-review 
–  overall performance	
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Our Trial – Second Step	

•  The design of the visual interface was 
considered satisfactory. But, the 
system does not provide sufficient 
incentives for those patients who are 
used to their present condition.  

•  The incorporation of social network 
service into the system seems 
promising to solve the problem. 

•  Regional SNS system, a Rails 
application, is used for its 
implementation. 
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