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Abstract – The opening-up of mobile application development has 
enabled the launches of successful “app stores” for iPhone, 
Android, Blackberry and others, from which innovative mobile 
applications are available.  The healthcare realm is not left out; 
scores of health and wellness-related apps are available, though 
most (but not all) are simplistic, highly derivative or not overly 
compelling from graphical, creative, or usability points of view. In 
this paper we take a broader look at mobile platforms, enablers, 
and example healthcare applications that are noteworthy or 
representative in one way or another – these include some of the 
authors own research.  We look at a series of exemplary and 
topical real-world examples to help us identify and support several 
overarching themes salient to mobile healthcare services. These 
themes include: the use of novel interaction techniques, the use of 
human-computer interface to encourage and mitigate movement 
and activity, and the use of graphics to improve the representation 
and understanding of medical, wellness, and life information.  This 
paper, then, serves as a brief survey of existing health-related 
applications as well as an introduction to a few thought-provoking 
applications that “are not here yet” but promise to have an impact 
on mobile healthcare.  
 

I. INTRODUCTION 
 

 growing number of medical studies now almost 
indisputably show the positive benefits of both physical 
and mental activities on overall health.  Most echo the kind 

of insights gained by, for example, the American Heart 
Association:   
 

“…the beneficial effect of vigorous physical activity in reducing the 
risk of heart failure was observed ….  Any amount of vigorous 
physical activity that caused sweating, ranging from a low of one 
to three times a month to a high of five to seven times a week, 
was associated with an 18 percent reduction in heart failure 
risk….” [11] 

 
Similarly, brain-training – in which a user plays challenging 
quiz and problem-solving games – is of great current interest to 
both insurers and governments1.  Both have a keen interest in 
understanding if brain-training (also referred to as, “continued 
learning2”) can help to maintain mental health, memory, and 
concentration, thereby reducing accidents and, perhaps, the 
onset of mental syndromes.  Meanwhile, there is evidence that 
getting patients communicating with positive role models may 
lessen the impact of a social circle of bad influences [2]. 

                                                 
* Ben Falchuk, Ph.d., is a Senior Research Scientist at Telcordia Technologies, 
Piscataway, NJ 08854 USA (email: bfalchuk@research.telcordia.com) 
1 “Baycrest creates Centre for Brain Fitness with $10-million investment from 
Ontario Government”, see http://www.baycrest.org 
2 http://www.globalaging.org/health/world/2008/games.htm 

   With respect to mobile wireless communications, in most 
nations of the world we see large or increasing penetration of 
mobile smartphones (i.e., those cellular phones capable of 
email, personal productivity applications, contact lists, and 
3rd party applications).  Application stores – or “App stores” 
– have recently helped Apple, Blackberry, and T-Mobile to 
increase uptake in their smartphones by offering fun, cheap, 
and sometimes innovative applications for their mobile 
platforms. 
   Mobile healthcare can be thought of as the functional 
combination of the IT of telemedicine 3  with mobile 
pervasive services [19]. Here, focusing largely on the big 
picture of the design of mobile healthcare applications, we 
ask, ‘what are the impediments to riding mobile healthcare 
on top of today’s hardware and software capabilities?’  
Usability, accessibility, security, privacy, and connectivity 
are several important issues.  Usability – defined in ISO as 
the “extent to which a product can be used by specified users 
to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use” - remains a 
growing concern; on par, we believe, with the other issues.   
Consider, for example, that mobility notwithstanding, a 
majority of legacy Web sites still suffer from poor usability4 
and that developing for the mobile device [12] poses an even 
greater challenge 5 . When technical foundations and 
standards exist to address the above issues, focus will shift to 
higher level design and user-experience themes that we 
outline in subsequent sections of this paper. 
   Over the past several years, the research, intellectual 
property, prototypes, and pilots that we have built for our 
internal and external customers have given us a broad 
perspective in areas such as: interaction, mobile location-
based services [1][5][6], information mashups [4], mobile 
user experience, advanced wellness monitoring [3], and 
advanced visual Web and mobile applications to promote 
activity and discovery [7][8].  In this paper we weave lessons 
from our past work and relevant related work into a larger 
presentation of visual and interaction design themes in 
mobile healthcare. The remainder of this paper is structured 
as follows: In section two we outline some main themes that 
are important to mobile healthcare applications.  We look at 
how novel computer interfaces can be used to improve 
healthcare applications.  Then we examine how applications 
can motivate users to change their behavior for the better.  

                                                 
3 see Health Information Technology Standards Panel (HITSP) 
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Internet still do not because of navigation, efficacy, availability, and other 
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Finally we look at how graphical interfaces can help (or hinder) 
the analysis and presentation of medical context and information.  
Finally, we conclude and summarize.  
   Our work is inspired by and complements the work of 
Consolvo et al [15] in which design (but not visual) 
requirements were derived from a mobile phone-based fitness 
program. Whereas Consolvo et al focused on more general 
practicalities of activity encouragement, we focus on the visual 
development themes. They concluded that four design 
requirements were key for applications that encourage physical 
activity: giving users credit (e.g., rewards), providing personal 
indicators of activity level, supporting social influence, and 
considering users’ lifestyle factors.   Elsewhere, underlying 
principles of mobile application design can be found in various 
sources, ranging from theoretical to de facto to unproven.  
Excellent sources at a broad level include the W3C Mobile Web 
Best Practices 6 , and the Apple iPhone Human Interface 
Guidelines7.  In addition, decades of broad human computer 
interface research can be found in journals, SIG’s and 
conferences (e.g., SIGGRAPH).   
 

II. THEMES 
 
This section identifies important themes for visual design and 
interaction design in mobile healthcare. This section also 
provides illustrative examples of each theme and describes how 
those examples support key healthcare scenarios.   
 
DESIGNING FOR A RANGE OF NOVEL INTERFACES 
 
Novel interface technologies such as multi-touch (in which a 
touch screen can track several touches at once) and low-cost 
sensors – such as pedometers – are making mobile healthcare 
and wellness applications exciting, viable, and tangible.  
Gesture-based devices, in which physical gestures are detected 
by a computer and converted to interface actions, have great 
possibility as well, for both safety (e.g., detecting patient-falls 
[20]) and accessibility and fun (see Wii in next section).  So-
called smart-homes are, in some cases, already capable of 
monitoring resident whereabouts in the home as well as 
computing over their actions.  With additional semantics and 
artificial intelligence, this computing includes the ability to infer 
activities and reason about future needs. Novel ambient 
interfaces will convey information to in-home patients in the 
best but most subtle ways (e.g., “ambient intelligence” for 
elderly patients [21]). Novel mass market special-purpose 
mobile applications are already mainstream – Apple and Nike 
offer an in-shoe pedometer that broadcasts steps to an iPod 
attachment;  by counting and analyzing steps and pace the add-
on software can track workouts and choose music to motivate 
the runner.  Nokia SportsTracker and Adidas MiCoach are 
similar but work with yet different technologies (GPS) and 
devices (e.g. T-mobile “Android” handsets)8. Figure 1 illustrates.  
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Figure 1.  Interfaces for health tracking focused on sports and activities – 
iPod/Nike (left) and Nokia Sports Tracker (right) 

 
These activity trackers are effective and sell well because 
they are relatively unobtrusive (e.g., attach to one’s shoe) 
and interwork with already-familiar and in-hand devices 
such as the iPod.  
   The Microsoft Surface touch table interface is a relatively 
new, but compelling platform.  Though it is definitely not 
mobile (it’s a table with a multi-touch screen and several 
cameras underneath), it bears mentioning for both the 
compelling healthcare-related applications it enables and the 
undeniable feeling that it will not be long before multi-touch 
mobile devices are capable of some of the interactions 
afforded by Surface. Infusion Development has built, for 
example, a patient consultation system for Texas Health 
Resources that “augments and facilitates the conversations 
that a doctor regularly has with his or her patients through a 
unique, interactive representation on the Microsoft Surface. 
With the use of static and active media elements, a doctor is 
able to demonstrate and relate complex medical procedures 
or conditions in layman’s terms to their patients”9(see Figure 
2).  
 

 
 

Figure 2. Texas Health Resources health records application (by Infusion 
Development Inc.) running on Microsoft Surface.  Communications 

between doctors and patients are improved via multi-touches and gestures 
on the interactive information screen. 

 
Elsewhere, InterKnowlogy VitruView was designed to, 
“help with angiography procedures in a cardiac catheter lab 
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– it is essentially a 3D multi-touch application for heart 
surgeries allowing health care professionals to access annotate 
and collaborate on patient data that persists in Microsoft 
HealthVault.”10  
   Designing for a range of device interface types clearly 
includes designing for those devices already in user’s hands.  
Exploiting the familiar is a real advantage (e.g., consider 
technologies for traumatic brain injury patients11 or elderly or 
dementia-afflicted patients where familiarity is essential); 
however, it may also mean compromising on features or 
refactoring existing technologies. For example, in response to 
the difficulty of diagnosing and treating patients in poor rural 
areas or areas with no doctors, UCLA’s Dr. Ozcan has adapted a 
normal cell phone with some additional algorithms and 
hardware.  These new add-ons – not expensive at all – together 
with the algorithms, allow the cell phone to become a fluid 
sampling machine, displaying the results of cellular-level fluids 
analysis. Such analysis is important in determining if, “if an 
HIV patient has AIDS.. or a red cell count can help determine if 
a patient is anemic or might have malaria” [9].  This work 
follws Rubinsky’s UC Berkeley work in which a mobile 
cellphone is repurposed to fill a gap in medical imaging [10]. 
The World Health Organization estimates that about ¾ of the 
world’s population has little to no access to medical imaging.  
Rubinsky’s solution was to reuse the graphics interfaces of 
cellphones as displays for more heavyweight server side image 
analysis engines.  Thus, his equipment collects imaging 
information, transmits it wirelessly to a central server and awaits 
a response.  The image subsequently returned to the analyst’s 
cellphone is displayed and analyzed by an on-site remote health 
professional (see Figure 3).  Though resolution and screen size 
lack, this approach can prove more cost-effective than buying, 
installing and maintaining special-purpose imaging hardware in 
remote locations. 
 

 
 

Figure 3. Cell phone technology allows data acquisition and image analysis 
steps to occur on different platforms. 

                                                 
10 http://www.interknowlogy.com 
11 http://www.ninds.nih.gov/disorders/tbi/tbi.htm 

Somewhat farther in the future of mobile healthcare lies the 
brain-computer interface (BCI). BCI is comprised of the 
technologies that sense brain activity and use a computer 
system to interpret the activities.  In healthcare use cases 
these systems allow patients who are unable to physically 
move to control networked virtual and physical resources 
through controlled thoughts and brain activities. Other health 
and wellness applications of BCI are possible, though, and 
using a mobile computing platform is not unduly unrealistic.  
Several companies manufacture and sell BCI components 
expressly for use in video game systems12.  
   In summary, new and novel human interfaces combined 
with creative and unexpected uses of familiar technology 
will be of great value mobile healthcare.  A diverse mix of 
physical screens, touch-pads, and projection devices are on 
the horizon. Designers of mobile healthcare need to carefully 
consider not only the human factors of the new interfaces 
[12] but also how their designs can be weaved into the daily-
life of the patients using safe, familiar, or perhaps invisible 
(see “pervasive computing”) means. 

 
DESIGNING TO ENCOURAGE AND MITIGATE 
MOVEMENT AND ACTIVITY  
 
Getting people out the door, away from their television and 
physically active is a major problem in the United States. 
The problems are compound, as inactivity leads to other bad 
habits; for example, “high-school students who watched 
more than five hours of TV each day had a higher intake of 
snack foods, fried foods, fast food, sugar-sweetened 
beverages, and trans-fats five years later” [13].  In some 
health models, adherence is heightened with lower perceived 
threats and higher perceived benefits [16].  It seems clear 
that these models – when applied to mobile healthcare – 
would benefit from reward mechanisms and positive re-
enforcements use cases.   
 

 
 

Figure 4. Wii Fit (balancing on the balance-board) 
 
Turning these issues around, then, we pose the questions: 
• How can mobile healthcare make positive activities 

more fun? 
• How can mobile healthcare systems reward positive 

behaviors and provide positive reinforcements? 
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We have already outlined how the Nike / iPod product makes 
exercise routines fun by making the hassle of exercise-logging 
disappear.  It also gives the “patient” simple motivational 
messages and selects music from the user’s own song library to 
motivate the user to complete the exercise plan.  The computing 
algorithms in this product are not great, but enormous potential 
exists when great computing capabilities and algorithms – such 
as Artificial Intelligence – are applied to reminders, 
encouragement and rewards [24]. 
  The Nintendo Wii, launched around 2007, is a relatively low-
cost gaming system whose principle controller is gesture-based.  
The controller – also equipped with buttons - uses both infrared 
and accelerometers to resolve its coordinates in space.  In doing 
so, it enabled a fun new class of gaming experiences in which 
users holding the controller gesture in particular ways (such as 
“boxing” punches and tennis swings) and the in-game avatar 
reacts in real-time.  The Wii Fit game makes use of the Wii 
Balance Board and puts gamers through a series of exercises, 
stretches and various coordination activities by requiring them 
to balance, step and gesture.  Figure 4 shows a “tight-rope” 
challenge screen reacting to a gamer on the balance board.  
Therefore, while the majority of games before Wii required the 
skilled use of a controller, they allowed the gamer to remain 
seated.  Many of the Wii’s games cannot be played effectively 
without moving about. The promise of Wii and Wii-like systems 
is evident in the uptake of Wii in Senior Citizens homes where 
these physical activity games have become a part of physical 
therapy or recuperation scenarios [14].  In some cases, seniors 
have made these games a part of the social scene in the home 
and observers have noted increased camaraderie and spirits.  At 
the moment, Wii is not a mobile system and is essentially 
intended to sit in the living room near the television.  It is not 
hard, however, to imagine more portable versions of this and 
other related technologies that would have similar health and 
wellness benefits. 
 

 
 

Figure 5. Indoor reminders, activity monitoring and planning prototype; the 
technologies of location sensing, machine inference, and workflows come 

together to enable compelling mobile health and wellness applications 
 

   One emerging technology dovetailing from traditional mobile 
Location Based Services (LBS) is micro-location services.  
While some such LBS systems are tailored to remind mobile 

users to pickup prescriptions and to help ensure compliance, 
others can be tailored to work in closed “micro” 
environments – such as offices, campuses, and so-called 
“smart homes” [17][24] – to provide helpful information and 
logging that can be shared with other household members, 
with clinicians, or simply used by the patient as a memory-
aide.  In-home health monitoring and assistance services are 
a growing concern 13  and our research into this field has 
yielded some novel approaches to handling position 
determination and task/subtask management.  Figure 5 
illustrates a prototype environment which emulates a smart 
home equipped with room and region-based sensors (see 
figure left, various rooms and the emulated patient position 
as understood by the system).  An emulated patient mobile 
device is shown at the right.  A server-based planner runs on 
the patients’ home computer or in the network. The goals of 
this work are to devise software and approaches to: 
• Better locate patient location and activity within the 

house, taking into account the various kinds of activity 
and motion sensors that may be deployed, and the 
partial information that may be known at any time. 

• Anticipate and react in real-time to patient behavior and 
to send them notifications that help clear up confusion, 
give them a task (e.g., encourage activity), or reminder 
them of something important. 

Our prototype shows some improvements over current art 
techniques. We base our internal model on a Semantic 
modeling language – Web Ontology Language 14  (OWL).  
OWL supports the modeling of concepts and relations in 
such a way so that a reasoning system can make inferences 
upon them.  For example, in our work we carefully model 
the spatial aspects of places within a house so that the system 
can later reason upon these relationships.  The ability for the 
system to infer that “if room X beside room Y and room Y 
beside room Z then room X is near room Z” is valuable in 
many health situations; for example, suggesting a patient 
visit their bathroom may be preceded by some system 
reasoning to determine if the user is “near” the bathroom in 
the first place.  In such a system spatial relations “beside”, 
“near”, and others, are very important.  Our work also allows 
the canonical description of common tasks - such as “take 
out the garbage” - which are broken down into individual 
steps and correlated to locations in the house.  In all, the 
system has the potential to improve smart-homes, improve 
reporting, and to provide patients with highly relevant 
wellness and memory-related reminders, assistance, and 
encouragements. 
   Geocaching has been around for quite awhile. The ever 
increasing penetration of Global Positioning System (GPS) 
chipsets into mass-market mobile devices only increases the 
availability and fun of this kind of game.  Geocaching is, “..a 
high-tech treasure hunting game played throughout the world 
by adventure seekers equipped with GPS devices. The basic 
idea is to locate hidden containers, called geocaches, 
outdoors and then share your experiences online. 
                                                 
13 The number of Americans suffering post-traumatic stress disorder is large, 
particularly in the community of returning war vets.  Symptoms including 
forgetfulness and confusion are common in these individuals. 
14 http://www.w3.org/TR/owl-features 



 

Geocaching is enjoyed by people from all age groups, with a 
strong sense of community and support for the environment.”15  
Geocaching and other sorts of augmented-reality games (in 
which mobile users, the physical world, and the virtual world all 
mesh together in a game play scenario) actually have great 
potential in mobile healthcare, namely because they are fun and 
because they encourage positive behaviors (i.e. activity, 
exercise).  Like online multiplayer games, they have a built-in 
reward system in which points and reputation are sometimes 
achieved for finishing missions (e.g., finding geocaches, etc.).  
Figure 6 illustrates a geocaching application for iPhone by 
GroundSpeak Inc16.  In the figure a player uses the application 
to discover the geocaches nearby her current location (the next 
steps would include the player walking or driving to the selected 
cache location, and so on.)  Geocaching is a compelling mobile 
application, made possible by the availability of 
communications devices. Many feel that this is a growth 
application; more specifically, it has also been the subject of 
consideration by physical educators [22]. 
 

   
 
Figure 6. Outdoor geocaching application for iPhone (by GroundSpeak Inc.) 
 
  In our own prototype lab we have conceptualized a prototype 
called “Large Scale GPS Art” (LSGA) that encourages physical 
movement as well as social networking [8].  Like Geocaching, 
LSGA is enabled by the proliferation of devices with GPS 
capabilities and the programmability of device applications.  
Also like Geocaching, LSGA can deliver rewards and positive 
reinforcements which, like a feedback loop, encourage further 
participation and improved health.  “GPS art” is the combined 
geo-traces of many GPS-enabled devices upon the earth 
(technically, air travel and sea travel can also be traced).  A 
“geo-trace” is a series of time-stamped latitude/longitude points 

                                                 
15 http://www.geocaching.com 
16 http://www.groundspeak.com 

corresponding to a user’s precise location.  Minimally, in 
order to manage the interleaving and overlaying of multiple 
geo-traces, the traces are loosely coordinated such that they 
each comprise a (possibly unique) part of an image when 
viewed at a large enough scale.  Traces might alternatively 
be tightly managed and assigned so as to assure that all 
contours of the art are covered. When viewed from a 
distance or at a large scale (on a digital map), the traces form 
the contours of the image which, in turn, can be a graphical 
image or logo, text, or anything else that lends itself to 
“contour” representation and is of interest to participants.  
For the group of participating users, the fun comes from 
taking part in a trace of a chosen image, seeing its progress 
over time, being able to identify (with details) which 
participants created which parts of the image, and the social 
networking and messaging opportunities. 
 

 
 

Figure 7. Geo-tracing application as a collaborative and fun endeavor [8] 
(emulated on an Android mobile smartphone) 

 
Figure 7 illustrates our LSGA prototype as it would be 
experienced on an Android mobile smartphone.   Users could 
alternately plan, execute, or view their current artistic 
“traces”, or collaborate on how to achieve them in a joint 
fashion.  In the figure a user (“Steven”) examines a trace he 
participated in (the Chicago area) that was designed to look 
like the Mona Lisa painting.  Once defined, this user was 
tasked with tracing out a part of it outline on foot or bicycle; 
as he does so, GPS events and logs are managed by the 
application and offer “proof” that this user has covered the 
ground necessary to draw his parts of the art.  Of course the 



 

larger the scale of the image the more travelling and motion 
would be required – and the more “rewards” or health benefits 
might be incurred.  This application can easily be adapted to 
smaller areas such as buildings and parks (down to the mass-
market resolution of GPS, which is about a few meters, but 
dependent on many factors.)  It could therefore be imagined that 
such an application may be part of a rehabilitation program or 
may help forgetful people stay on traces of relevant to their 
safety.  In summary, our innovative GPS Art prototype, 
somewhat reminiscent of geo-caching, has a fairly clear 
applicability to wellness and hits a trio of requirements: 1) is fun, 
2) promotes and rewards physical activity, 3) has add-on 
benefits related to social interactions and sense of 
accomplishment. 
 

 
 

Figure 8.  Walk’n’Play is a free iPhone/iPod application developed by the Univ. 
of Houston’s Computational Physiology Lab 

 
   Walk n’Play (Figure 8) is an exemplary application for iPhone, 
embodying how fun challenges, competition, and whimsical 
design are used to encourage exercise goals [25].  Walk n’Play 
works in coordination with a Bluetooth pedometer, which the 
“player” must wear.  Once a player’s profile is setup (e.g., 
weight, age) the application tracks the players steps, considers 
the players weight, and computes a virtual oxygen consumption 
index.  This index is summed during the day and the screen of 
the application is constantly updated.  Making it more 
‘addictive’ is the notion of competition.  The player can have a 
competition between a friend with the same application (e.g., to 
see who can get most points) or with a simulated friend (see 
Figure 8) within the application.   
 

 
 

Figure 9.  Brain Age by Nintendo puts users through a series of brain-
teasers in a fun way. 

    
   Mobile “brain games” are a relatively new trend enabled 
by handheld gaming platforms such as Nintendo DS and 
(more recently) smartphones.  There is not consensus about 
which specific types of brain activities may be best but there 
is wide consensus that continual learning into the elderly 
years can push back the onset of cognitive diseases such as 
Alzheimer’s.   Designers have made brain games a fun and 
motivational new fad, building on the mass-market interest 
in trivia and problem solving (e.g., Sudoku).  Brain games 
are generally fast-paced and use simple clear graphics.  As 
they need to appeal to a wide gamer-base (from young to 
old), “keeping it simple” is a key design requirement with 
games guiding users through a series of tasks, congratulating 
and rewarding and encouraging further game play.  Figure 9 
shows a Nintendo brain game while Figure 10 shows one by 
Glu Games Inc.   
 

 
 

Figure 10. Brain Genius by Glu Games Inc.- two screens shown: a challenge 
(left) and a summary/reward (right) 

 
   In summary, a major functional theme of mobile healthcare 
will be that of encouraging and mitigating patient activity.  
From a designer’s point of view, this means building 
attractive and compelling interfaces that are able to nudge 
users towards activity via some motivational impetus.  This 
may involve, for example, designing in rewards and positive 
re-enforcements in a clever way, making activities so fun 
and engaging that patients “forget” that they are active (e.g., 
Wii, Brain Games, Geocaching, etc.), or enabling a social 
communications with positive role models and mentors [2].   



 

DESIGNING REPRESENTATIONS OF MEDICAL CONTEXT 
AND REPORTS  
 
This section outlines several interesting and representative 
interface techniques that allow medical and health context and 
information to be better appreciated or utilized.  Representation 
and analysis of data is a key requirement of many mobile 
healthcare use cases in: telemedicine, remote monitoring, 
remote consultation, and consumer-facing wellness applications. 
Consumer applications are often required to display biometric 
sensor readings (e.g., in conjunction with consumer Bluetooth 
heart rate and blood pressure monitors such as those from 
BodyTel Inc.) in highly readable fashion. 
 

 
 

Figure 11. Intrapartum live waveform by Airstrip 
 
Graphical smartphone mobile applications for platforms such as 
Windows Mobile and iPhone are slowly gaining FDA approval 
for use in hospital settings.  A representative example is AirStrip 
Technologies17 whose mobile healthcare applications are used in 
Labour and Delivery (L&D) units.  At its core, AirStrip 
“facilitates the transfer of real-time, medical waveform1 data to 
a Cell Phone (Smartphone) or PDA over a cell phone network,” 
and focuses on security reliable transmissions.  Figure 11 
illustrates the kind of crisp and highly usable charting featured 
in the Intrapartum application.    
   AirStrips healthcare applications are binary applications for 
mobile OS’s.  Many of today’s mobile services, in fact, are 
Web-based services and use Web technologies to build them: 
HTML, Javascript, AJAX, Flash, etc.  iPhone applications are 
built with Cocoa, while Android and MIDP phone apps are built 
using Java. Palm Pre applications will highly leverage 
technologies of the Web for the mobile platform: Javascript, 
xml, etc.  Drupal and Google Charts API are examples of 

                                                 
17 www.airstriptech.com 

graphics building blocks.  The former is Flash API for 
creating charts in Web apps from dynamic data while the 
latter is a Javascript API for charts; both are capable of 
diverse chart types including: pie, bar, 3D, scatter, area, and 
so on.  Figure 12 illustrates how with these building blocks, 
developers need be concerned only with passing data to the 
charting API’s rather than in implementing charting logic. 
 

 
 

Figure 12.  Charting is a key requirement of many consumer and clinician 
mobile healthcare applications; Drupal (left) and Google Charts API (right) 
 
   Mobile Tiles [7] (Figure 13) is an advanced mobile 
application intended to enable non-linear browsing of 
temporal media – such as biomedical sensor data, charts, 
radiology imagery, etc. - in a light-weight pixel-efficient 
manner on mobile smartphones.  Tiles employs a unique and 
effective interactive visual layout in which media segments – 
pulled from a remote server or local cache – are organized in 
multiple “perimeter rings” around a central image (see 
Figure 13).   
 

 
 

Figure 13. (partially emulated) Mobile Tiles application of waveform 
analysis and browsing 

 
The central image corresponds to a “focus” while the images 
on the rings are sampled from the current temporal “range”. 
This paradigm gives the user a flexible way to quickly view 
detail as well as context important to analysis.  Keypad and 



 

screen taps on individual tiles in the rendering shift the current 
focus to the tapped segment and cause a redraw of the range 
segments surrounding it.  The temporal range of view can be 
changed be using zoom-in and zoom-out taps or buttons.  Tiles 
is a surprising, fun, and effective way to browse any visual data 
that can be ordered on a parameter, such as time, or place.  The 
figures illustrates Tiles in a scientific scenario; in this figure an 
analyst is using the tool to remotely browse clinical data such as 
audio waveforms (in the figure a long waveform is broken into 
segments corresponding to words in a oratory), heart-rate 
streams, or blood pressure readings.  At each viewing 
interaction, the analyst may decide to either “play” one of the 
segments displayed, “zoom in” to more detail in the stream, or 
refocus the representation on another area of the stream.  Tiles 
currently executes on a Java MIDP platform and is being ported 
to others platforms and media and health applications.   
   Life logs, or life blogs are the collected digital artifacts of a 
person’s experiences stored in digital form.  For example, the 
Nokia lifeblog application grouped all the photos, blogs, MMS, 
and SMS, of a given user into a time-lined multimedia diary 
(see Figure 14). The result was searchable and sharable.  Any 
given user could view his own multimedia timeline using the 
mobile device; when this was requested a series of media (e.g., 
text, imagery) blocks were presented on the screen 
corresponding to the time in question.  These kinds of 
applications are relevant to healthcare because they teach us the 
art of presenting diverse information on small mobile screens, 
allow us to store and search for personal (possible wellness-
related) data, and are increasingly seen – in a more serious sense 
- as memory-aides for people with memory impediments.    
 

 
 

Figure 14. Nokia LifeBlog interface 
 

The challenges of data presentation on small mobile screens 
become clear when examining LifeBlog. The designers have 
made good use of the mobile screen space, filing most of the 
screen with informative information while preserving a layout 
that is intuitively simple.  Information-density can be a desirable 
trait of a mobile service on a small screen [12][18]; our own 
Tiles applications similarly uses a pixel efficient rendering. 

QVGA (320x240 pixels) is roughly typical for today’s 
smartphones. 
   Finally, a relatively large number of mobile applications 
now allow users to self-diagnose, report and log their health 
issues as they arise, and look up further information (of 
course, anyone with a data connection can use the Wikipedia 
as well).  The application A.D.A.M. mobile18 uses a simple 
and clean interface designed specifically to allow users to 
explore symptoms by tapping on an image of the human 
body, which results in further detailed information. 
Empowering users with information in intuitive visual ways 
will be a key requirement in mobile healthcare applications.  
Figure 15 illustrates the A.D.A.M interface. 

 
 

Figure 15. Exploring symptoms through an intuitive visual interface 
 
Figure 16 illustrate a mobile application that users buy to use 
as a comprehensive tracker of personal datapoints.  
TheCarrot19 is a mobile (and Web) applications that tracks 
health statistics and presents them on demand in many 
formats, including a calendar formatted one.  DiaMedic20 is a 
similar application aimed at diabetics.  LifeScan.com is 
working on innovative diabetes management tools for 
mobile phones that will allow the remote monitoring of a 
child’s blood levels. Epocrates 21  for iPhone is a popular 
reference application from which users can research pill 
interactions (see Figure 17), formulae, drug interactions, and 
more.  It makes good use of menus and features well-
designed clear photographs of pills to aid in identification.  
A subscription-based version, touted as, “Integrated drug, 
disease, and diagnostic suite for mobile devices” is also 
available in which the reference data is updated over-the-air. 
   In summary, the representation of medical and contextual 
information on mobile devices is a key part of mobile 
healthcare application scenarios.  This is in some ways 
obvious and echoes the broad arcs of human computer 
                                                 
18 http://iphone.adam.com 
19 http://thecarrot.com 
20 http://www.martoon.com/diamedic/ 
21 http://www.epocrates.com/products/rx/iphone.html 



 

interaction research [19]. Mobile healthcare patients will cut 
across age and social divides; obese teenagers, wounded 
warriors, elderly patients.  Simplicity and usability will be 
important. Social and situational context will need to be 
considered during design, as will using the right mix of graphics 
(and sounds) that neither pander to, nor overwhelm, nor confuse 
the patient. 
 

 
 

Figure 16.  Using the mobile device as a tracker via TheCarrot tools 
 

 
 

Figure 17.  Epocrates reference medical application 
 

III. CONCLUSIONS 
 
This paper has presented some important examples of mobile 
technologies, underpinnings, and services that are key pieces of 
the mobile healthcare ecosystem.  We have focused on relevant 
novel aspects of our own applied research, a literature search, as 
well as mass-market consumer offerings.  Put together, these 
examples both illustrate and reinforce our argument that creative 
mobile applications and services will help increase the adoption 
of mobile healthcare.  

   Web 2.0, Bluetooth and Zigbee sensors, online health 
records, programmatic API’s, and software development kits 
are some of the “enablers” of mobile healthcare. Microsoft 
Surface, iPhone/iTunes, Nintendo Wii, iPhone, Android, 
J2ME, and Web browsers are some of the (Internet-
connected) “platforms”.  Together with the creativity of 
application developers, a new and fascinating array of 
mobile healthcare applications are now possible.   Just as the 
iPhone programmability made applications like, for example, 
G-Park (in which users locate where they parked their car) 
viable, new and useful healthcare applications will emerge 
by leveraging the enablers.  Already, there are dozens of 
healthcare related applications available on various mobile 
platforms.  Many of these applications – sometimes because 
they are written by individuals or small startups – are modest 
in functionality or are highly derivative. Still others seem to 
have found a “sweet spot” niche, either by doing a single 
thing very well or by filling a cool, fun or marketable niche. 
Our own R&D [3][4][5][6][7]8] exhibits several exemplary 
aspects that help re-enforce our themes.   
   For mobile designers, there is no magic formula.  In this 
paper, however, we identified some of the broad themes in 
visual and interaction design that make for compelling and 
useful mobile healthcare applications; they are illustrated in 
Figure 18 and summarized below: 
• Designing for a range of novel and familiar interfaces 
• Designing to encourage physical and mental activity 
• Designing for simple conveyance of health info  
 

 
 

Figure 18. High level visual and interaction themes and keys 
 
At the center of the figure, where the three themes overlap, 
lies the “sweet-spot” for mobile healthcare.  Applications in 
this region have successfully considered these important 
themes in their design and are in a better position to succeed. 
This paper has surveyed several mobile healthcare 
applications that would lie in and around this sweet-spot. 
   These are exciting times for both users and developers of 
mobile services.  The new systems and tools that make 
human-computer interaction easier than ever before also 
allow the expression of creativity on new types of media. If 
mobile healthcare manages to adopt the right pieces at the 
right time and in the right way, society will greatly benefit 
from improved management and delivery of medical care. 
While there are many hurdles at legislative (e.g., in US see 
FDA, HIPAA), liability, and usability levels, most are 
optimistic that mobile healthcare services will one day go 



 

beyond simplistic use cases and actually encourage us, reward 
us, interpret medical information for us using graphics, allow us 
to communicate with our care (social) network, and use 
pervasive and artificial intelligence technologies to provide 
unprecedented value. 
 
 

REFERENCES 
 
[1] S.Loeb, B.Falchuk, E.Panagos, The Fabric of Mobile Services, John 

Wiley & Sons, New York, 2009 
[2] N.Christakis, J.Fowler, “The Spread of Obesity in a Large Social 

Network over 32 Years”, New England Journal of Medicine, Volume 
357:370-379 

[3] B.Falchuk, A.Misra, S.Loeb, “Server-assisted Context-Dependent 
Pervasive Wellness Monitoring”, Proc. ICST International 
Workshop on Wireless Pervasive Healthcare, London, 2009 

[4] B.Falchuk, K.Sinkar, A.Dutta, S.Loeb, “Mobile Contextual Mashup 
Service for IMS”, Proc. 2nd IEEE Int’l. Conf. on Internet Multimedia 
Services Arch. and Applications, Bangalore, Dec. 2008 

[5] B.Falchuk, S.Loeb, “Towards Guardian Angels and Improved 
Mobile User Experience”, Proc. IEEE GLOBECOM 2008 – 
Communications Software & Services Symp., New Orleans, 2008 

[6] B.Falchuk, E.Panagos, S.Loeb, “A Deep-Context Personal 
Navigation System”, Proc. ITS America 15th World Congress on 
Intelligent Transportation Systems, New York, 2008 

[7] B.Falchuk, A.Glasman, K.Glasman, “Tool for Video Content 
Understanding on Smartphones”, Proc. 10th ACM Int’l. Conf. on 
Human-Computer Interaction with Mobile Devices & Services, 
Amsterdam, 2008 

[8] B.Falchuk, “Web Application Supporting Large-Scale, 
Collaborative, Geo-traced Art”, Proc. IASTED Int’l. Conference on 
Web Technologies, Applications, and Services (WTAS’06), Calgary, 
2006 

[9] S.Almasy, “Invention turns cell phone into mobile medical lab”, 
available at: http://www.cnn.com/2009/TECH/02/03/ 
medical.imaging.device/index.html 

[10] S. Yang, “Engineers Harness Cell Phone Technology for Use in 
Medical Imaging.” UC Berkeley Science Daily, May 1, 2008. 

[11] American Heart Association Report, “Excess weight, inactivity 
increase heart failure risk in men”, available at: 
http://www.americanheart.org 

[12] Studio 7.5, “designing for small screens”, Ava Publishing, 
Switzerland, 2005  

[13] C.Phend, “Teen TV Habit Leads to Adult Dietary Woes”, 
Medpage Today, 
http://www.medpagetoday.com/PrimaryCare/DietNutrition/12672 

[14] C.Leto, “Seniors say ‘Wii’”, Senior Advocate, http://www. 
senioradvocatenews.com/ 

[15] S.Consolvo et al, “Design Requirements for Technologies that 
Encourage Physical Activity”, Proc. ACM CHI’06, Montreal, 2006 

[16] G. Bond, L.S. Aiken, S.C. Somerville, “The health belief model 
and adolescents with insulin-dependent diabetes mellitus”, Health 
Psychology, Vol 11(3), pp.190-198, 1992 

[17] S.Davidoff et al, “Principles of Smart Home Control”, Proc. 
UbiComp‘06: Ubiquitous Computing, Orange County California, 
2006 

[18] E.Tufte, Envisioning Information, Graphics Press, 1990 
[19] K.Siau, Z.Shen, “Mobile healthcare informatics”, Informatics for 

Health and Social Care, 31(2), Taylor and Francis, 2006 
[20] H.Knight, J.Lee, H. Ma, “Chair Alarm for patient fall prevention 

based on Gesture Recognition and Interactivity”, Proc. IEEE Int’l 
Conf. on Engineering in Medicine and Biology Society, 2008 

[21] F. Sainz Salces , M. Baskett , D. Llewellyn-Jones,  D. England, 
“Ambient Interfaces for Elderly People at Home”, in Ambient 
Intelligence in Everyday Life, Springer, 2006 

[22] B. Schlatter, A.Hurd, “Geocaching: 21st-Century Hide-and-
Seek”, Journal of Physical Education, Recreation & Dance 
(JOPERD), 76(7), pp.28, Sept. 2005 

[23] S.Mason, R Bohringer, J Borisoff, G Birch, “Real-Time 
Control of a Video Game with a Direct Brain-Computer 
Interface”, Journal of Clinical Neurophysiology. 21(6):404-408, 
November/December 2004 

[24] M.Pollack, “Intelligent Technology for an Aging Population”, 
AI Magazine, 26(2), pp.9-24, 2005 

[25] L.Merkl, “Every Move You Make: Free Smart Phone App 
Helps Burn Calories”, Univ of Houston newsletter, 
http://www.uh.edu/news-events/archive.php, May 2009 

 
 
 
 
 
 
 
 
 
 
Ben Falchuk obtained a Bachelor of applied mathematics and 
computer science from University of Waterloo (1993), a Master of 
science from Carleton University (1995), and a Ph.d. in electrical 
and computer engineering from University of Ottawa (1999). He is 
currently a Senior Research Scientist at Telcordia Technologies in 
Piscataway, NJ, USA and his research areas include mobile 
applications, human-computer interaction, interactivity, and 
communications middleware and services. Dr. Falchuk is a member 
of the ACM and the IEEE Computer Society, is a journal editor-in-
chief, and serves on international program committees and editorial 
boards of conferences and journals. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


