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Abstract: While immersive distraction has been explored as a method of chronic pain intervention, fewer studies have assessed how wearable
technologies can be leveraged to tailor such experiences to the individual patient. This preliminary qualitative empirical case study of (V= 12)
chronic pain sufferers investigated how a heuristic algorithm could be used to detect how an individual patient responds emotionally to a
visual cortisol stimulus rendered by each of the following images projected through a wearable visor: (A) Happiness (a woman smiling) and
(B) Suspense (a rock climber climbing). The results showed that 75 percent of participants cited image A (happiness), while 25 percent cited
B (suspense) as providing the most distraction. Participants were then asked to explain their rationale, with the majority of users saying they
preferred to feel happy rather than overstimulated or physically strained during an immersive experience. The participants who preferred the
Suspense option tended to cite enjoyment of sports they used to practice prior to the onset of the chronic pain condition. Based on these
preliminary results, the basic design for a wearable simulation headset tool equipped with heuristic emotional detection was proposed to help
personalize the distractive immersion experience for chronic pain sufferers. Such a device would support chronic pain researchers and

clinicians to develop less invasive pain management techniques.
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1. Introduction

The increased use of extended reality (XR) in the medical field has
heightened scientific curiosity surrounding the benefits of immersive
experiences for acute and chronic pain intervention. From cartoons
used to decrease fear during blood draw in emergency pediatric
settings to virtual reality (VR) headsets used for anxiety management
across a variety of medical procedures, distractive techniques offer a
new patient care method for both acute and chronic scenarios [1].
Pain as an experience causes a profound impact on the body. When
exposed to pain, a part of the endocrine system called the
hypothalamo-pituitary-adrenal axis (HPA) activates a feedback loop
in the nervous system to increase the stress-regulating hormone
cortisol in the blood. If stress is prolonged, as occurs in chronic pain
sufferers, the HPA can begin regularly producing cortisol, eventually
resulting in lower tolerance to both pain and stress [2]. This response
can significantly affect quality of life, prompting research into many
pain management methods. Therefore, as the healthcare space
explores more technical care strategies, VR has emerged as a
technology solution offering the user a complete immersive
experience as a distraction from acute and chronic pain. This study
seeks to further personalize the distractive experience through a
smart headset that tracks the individual user’s content preferences.

2. Literature Review

The year 2024 saw over 1.5 billion chronic pain sufferers across
the globe, amounting to roughly 20% of the world’s population [3].
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Moreover, chronic pain has also been identified as a primary cause of
both emotional distress and low productivity in the workplace [4, 5].
Although VR was suggested as a tool for general distraction from
chronic pain as early as 2014, less focus has been given to
specific emotional triggers that yield the greatest levels of
distraction on an individual patient basis [6].

Furthermore, while various research has examined the
physiological connection between chronic stress tolerance and
psychological trauma, less attention has been granted to how
chronic pain sufferers already accustomed to their pain might
benefit from otherwise stressful stimuli, such as suspense at mild,
intermittent exposure levels [7]. This perspective would compare
how individuals who generally enjoy suspenseful content or thrill-
seeking activities, but whose enjoyment has been hindered by
chronic pain, could experience escapism versus those chronic pain
sufferers who catastrophize their painful experiences alongside any
input that could be considered stressful [8]. In this way, while
previous studies have explored the effects of viewing a suspense
film on audiences, a dearth of research remains surrounding how
such an emotion could provide distraction from an overall negative
experience such as chronic pain [9].

While virtual technology has seen many applications in the
medical field, few studies have explored how pattern detection
algorithms such as heuristics could analyze emotional input to
inform personalized audiovisual experiences in patient care using
smart wearable technologies [10]. Technology developers and
healthcare professionals could thereby collaborate on a unique
immersive experience for chronic pain intervention, with emotional
inputs ranging from calming to intense following an initial
assessment to determine each user’s personal preference. Such a
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device would use pulse sensing to track fluctuations in user excitation
levels in response to a preliminary VR test stage, supplementing
preliminary assessment of user preferences toward the virtual
experience options. Finally, as previous studies have shown
distraction to be more effective for acute rather than chronic pain
due to the desensitization aspect in the latter condition, repeated
exposure would be intermittent to avoid long-term cortisol release
and maintain the novelty of the personalized experience for chronic
pain sufferers [11].

2.1. Theoretical framework

This study builds upon previously proposed wearable
technology for chronic pain, specifically movement-sensing
devices focusing on wuser activities in the household [12].
However, rather than looking at movement, this study proposes a
framework that assesses user reactions to an audiovisual stimulus,
such as an image accompanied by a related sound effect. This
framework aims to customize the user’s experience while using
the wearable simulative device.

As the increased heart rate has been tied to negative stress while
decreased heart rate has been correlated with a more positive and
relaxed state of mind, this device would use sensors to analyze user
heart rate in response to viewing each of two images — one evoking
positive emotions such as happiness and another evoking more
stressful emotions such as participation in an extreme sport [13].

3. Research Methodology

3.1. Research design

Due to the positive results of previous qualitative studies that
sought to explore participant preferences in depth, this research
adopted a case study approach to enhance the personalized
experience [14]. To simulate the preliminary assessment component
of the proposed wearable device, participants were invited via email
to view a presentation featuring interactive interfaces displaying
both cheerful and suspense-inducing visual stimuli.

3.2. Participants

This study included 12 participants, all chronic pain sufferers
aged 18-50 from within the Anglosphere. Participants were
selected based on a shared common language to help avoid
linguistic barriers in responses and the stated age range to account
for an inclusive range of non-elderly (ages 65 and older) chronic
pain sufferers, given the relatively more scant research in chronic
pain among younger than older individuals [15, 16]. Neither
gender was targeted for this study, and no gender-related data
were collected. Future studies could examine the potential impact
of gender on chronic pain experiences during virtual reality use.

The sample size of 12 was used to gain a deeper understanding
of'the factors driving each participant’s emotional response to the VR
experience. This small sample size was shown to work well for
elucidating participant responses to VR chronic pain management
in a similar study which used 15 participants [17].

3.2.1. Instruments

The below images were shown to participants via the interactive
presentation, followed by a prompt asking which of the two most
distracted them from their pain. As positive emotions are known to
support pain management, an image of a person smiling was used
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Figure 1
Happiness (depicting a woman smiling)

Figure 2
Suspense (depicting a rock climber)

as a control (Figure 1) for the more suspenseful image of a rock
climber (Figure 2) [18].

4. Results

As depicted in Figure 3, 75 percent of participants reported the
happiness image as more distracting, while 25 percent reported the
suspense image.

When asked to explain their selections, participants provided
the following rationale:

4.1. Happiness

Perceived positive emotion from happiness versus the
perceived stress of suspense

1) The happiness image is like a direct image of happiness and
makes me feel nice.
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Figure 3
User emotional responses to happy versus suspenseful stimuli

When viewing the following presentation, which image - however briefly - distracted you more from

your pain?
12 responses

2) Happiness, because I feel more attached to what she is
experiencing, it’s like being home. While suspense gives me
vertigo and stress.

3) The girl’s emotion in the first one made me feel that for a second
whereas the second reminded me of physical exertion and thus my
pain.

4) For the climbing image, all I could think was how bad that would
hurt. Also, we can clearly see the person’s face in the happiness
image and they look like they’re having a good time!

5) I associate effort suspense with a pain flare-up, so there is no
way that could distract me from pain. Happiness looks more
like how I’d like to feel. I can’t say it distracted me from
pain, but it did make me smile.

6) Her happiness feels powerful and contagious, naturally makes
you feel happier.

7) Ithink focusing on someone else’s body, especially someone who’s
not visibly in pain, kinda helped get me out of my own body
mentally.

8) Laughing distracts me.

9) Happiness because I feel more attached to what she is
experiencing, it’s like being home. While suspense gives me
vertigo and stressed.

10) The girl’s emotion in the first one made me feel that for a second
whereas the second reminded me of physical exertion and thus
my pain.

11) Forthe climbing image, all I could think was how bad that would
hurt. Also, we can clearly see the person’s face in happiness and
they look like they’re having a good time!

4.2. Image B: Suspense

Escapism

1) It makes me happy thinking about how some people can climb a
mountain

2) It reminds me of the outdoorsy stuff I love, even though I hardly
get to do any of it anymore

3) Because it reminds me of my childhood.

4.3. Both

I experienced empathetic positive emotion of happiness
enhanced by the escapism of suspense.

It was actually both. Being in the wild makes it better for me,
mostly, in a green scenery. I clicked on suspense, because I currently

® Image A
® Image B

practice indoor bouldering and, despite some health difficulties, it
has helped me both physically and psychologically.

4.4. Discussion

Most participants who preferred the happiness image
mentioned a vicarious experience of happiness from observing the
woman’s smile. This feedback typically accompanied aversion to
the suspense image which they cited as causing stress (from either
physical exertion itself or disorientation upon viewing) and even
an association with pain. Notably, participants who found the
suspense image to be stressful often cited a vicarious experience,
only a distressing version stemming from the rock climber’s
vicarious position and correlation with physical activity they
worried could increase their pain.

From a similar vicarious standpoint, those preferring the suspense
image tended to have enjoyed physical activity and thrill-seeking
experiences prior to chronic pain onset, thus appreciating the
nostalgia rendered from viewing the person rock climbing.

Ultimately, while the suspenseful stimulus did not provide
adequate pain relief for most, those preferring suspense found
positive distraction from nostalgic memories and a sense of
escapism. Analgesia of this sort rendered from a distracting visual
stimulus typically considered somewhat stressful — such as
suspense — suggests that an experience personalized for
individuals with thrill-seeking tendencies and perhaps less of a
tendency to catastrophize their pain might benefit from immersive
experiences focusing on such activities. Healthcare practitioners
and technology developers could therefore use an intensity
spectrum to analyze individual patient preferences in pain
distraction to devise a personalized wearable simulation device.

Given the qualitative nature and relatively small participant
pool of this research, future studies could use more quantitative
methods such as surveys for a larger sample size in benefits from
new and exciting immersive stimuli for distraction from pain.
Further research could also differentiate chronic pain sufferers
who enjoy thrill-seeking activities from those who do not advance
the personalization factor of the immersive experience.

5. Conclusion

Provided the potential for the concept of physical experiences
and thrill-seeking activities to help some chronic pain sufferers,
healthcare workers focused on non-invasive care could use
wearable headsets depicting such content for their patients,
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particularly for those unable to physically participate in such
activities they once enjoyed. By and large, researchers and
developers should prioritize the nuance in stimuli to alleviate
stress among chronic pain sufferers so as to inform the design of a
wearable immersive tool for pain relief across a range of
preferences. Given the high number of chronic pain sufferers
throughout the world, such personalized treatment using a
wearable device equipped for everyday activities could enrich
individual quality of life and foster a more productive society.

Given the limitations of both sample size and physiological data
in the present early-stage study, future research could entail a larger
sample size for more quantitative datasets in assessing the many
nuances of individual user preferences and triggers related to and
resulting from VR stimuli.

In particular, future studies would examine multiple participant
pools based on demographics such as gender, culture, and age.
Results for the emotional responses of these users could then be
compared and contrasted to assess for any influence age or gender
might have on user’s lived experiences with chronic pain, with
emphasis on how societal expectations impact their susceptibility
to stress from audiovisual input and subsequent effects on their
perception of chronic pain.

To maintain the depth of insight sought in the present study’s
qualitative methods, future research could benefit from presenting
participants with a similar questionnaire following exposure to the
immersive simulation. This questionnaire could begin with
additional demographics questions to account for such factors
when exploring the rationale behind participants’ processing of
the immersive content. Finally, given the potential correlation
between thrill-seeking affinity and an enjoyment of extreme
sport, further studies could incorporate a preliminary question
surrounding the participant’s feelings toward high-risk sports.

Recommendations

The flowchart in Figure 4 below depicts the basic design for the
proposed wearable VR device, detailing how user selections inform
the algorithm for how the program proceeds for the personalized
experience.

The potential effectiveness of a wearable immersive
simulation device for personalized chronic pain management
would depend on multiple factors, particularly what type of
content causes stress versus enjoyment for the individual patient.
For example, a wearable VR headset with a variety of settings
ranging from high-risk sports activities to stargazing sessions
that generates a personalized experience route could appeal to
patients and healthcare providers alike.

The user would begin the experience with a trial wherein the
device’s heuristic algorithm would collate and analyze responses
provided by the user upon viewing images similar to the examples
presented in this study. The device would then design the
immersive experience based on the individual’s preferred content,
with the least intense options including seascapes and other
calming environments. The spectrum could then continue with
widely recognized positive stimuli, such as the smiling woman in
the present study or demure-appearing domesticated and wild
animals [19]. An audio component could range from ocean waves
for the seascape and rainforest sounds for nature visuals.

The more intense options could include lighter sports like
football to more extreme, thrill-seeking activities like bungee
jumping or skydiving. To help monitor the range of user feedback
for the initial trial stage, the device would be equipped with a
wristband to measure increase in pulse rate.
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Figure 4
Basic functionality design for the proposed VR device

User exposed to
preliminary assessment
stage of the VR

experience

Initiate Happiness
route

Initiate Suspense
route

Program proceeds with
Positive visuals/audio,
interspersed with
gradually increasing
Suspenseful visuals,
assessing with each new
experience the user's
pulse rate

User makes no

selection but opts to
Proceed

Given the lucrativeness of Python as both a simple language and
useful for programming wearable sensor technology as well as
simulation programs, this study uses Python for the proposed
device’s sample code [20, 21].

This early-stage study presents a foundational Python code for
the proposed device’s main algorithm in assessing a user’s emotional
predisposition to various stimuli for subsequent personalized
immersion. The first set of code informs the heuristic capture of
user response to immersive stimuli.

Meanwhile, the next set of code outlines the sensor feature of this
wearable device. Based on the individual user’s emotional responses to
the trial images (positive and stress-inducing), the device would
progress the experience to the positive route (Cute) or the stress-
inducing route (Thriller). The initial trial stage would begin only if
the user does not select either route right away. For insight into both
user-supplied input and passively generated physiological data, the
pulse sensor functionality would monitor pulse rate alongside active
user input provided during the initial assessment stage.

The referenced code can be found in the following GitHub
repository [22].

Acknowledgement

The author is grateful for advisement by Capitol Technology
University in the informing of this research.

Ethical Statement
This study was granted an exemption by Capitol Technology

University and therefore did not require Institutional Review
Board approval.

Conflicts of Interest

The authors declare that they have no conflicts of interest to this
work.



Smart Wearable Technology Vol.00 Iss. 00 2025

Data Availability Statement

Data sharing is not applicable to this article as no new data were
created or analyzed in this study.

Author Contribution Statement

Sarah Katz: Conceptualization, Methodology, Software,
Validation, Formal analysis, Investigation, Resources, Data
curation, Writing — original draft, Writing — review & editing,
Visualization, Supervision, Project administration.

References

[1] Rikard, S. M., Strahan, A. E., Schmit, K. M., & Guy,
G. P. (2023). Chronic pain among adults-United States,
2019-2021. Morbidity and Mortality Weekly Report, 72(15),
379-385. https://doi.org/10.15585/mmwr.mm?7215al

[2] Knezevic, E., Nenic, K., Milanovic, V., & Knezevic, N. N. (2023).
The role of cortisol in chronic stress, neurodegenerative diseases,
and psychological disorders. Cells, 12(23), 2726. https://doi.org/
10.3390/cells 12232726

[3] Lurie, J. M., & Javaid, A. (2024). Visualizing global chronic
pain. Anesthesia & Analgesia, 138(4), 918-919. https://doi.
org/10.1213/ANE.0000000000006564

[4] Amaro-Diaz, L., Montoro, C. I., Fischer-Jbali, L. R., &
Galvez-Sanchez, C. M. (2022). Chronic pain and emotional
Stroop: A systematic review. Journal of Clinical Medicine,
11(12), 3259. https://doi.org/10.3390/jcm11123259

[5] Chowdhury, A. R., Graham, P. L., Schofield, D., Costa, D. S. J.,
& Nicholas, M. (2024). Productivity outcomes from chronic
pain management interventions in the working age
population; a systematic review. Pain, 165(6), 1233—-1246.
https://doi.org/10.1097/j.pain.0000000000003 149

[6] Wiederhold, B. K., Gao, K., Sulea, C., & Wiederhold, M. D.
(2014). Virtual reality as a distraction technique in chronic pain
patients. Cyberpsychology, Behavior and Social Networking,
17(6), 346-352. https://doi.org/10.1089/cyber.2014.0207

[71 Wyns, A., Hendrix, J., Lahousse, A., de Bruyne, E., Nijs, J.,
Godderis, L., & Polli, A. (2023). The biology of stress
intolerance in patients with chronic pain—State of the art
and future directions. Journal of Clinical Medicine, 12(6),
2245, https://doi.org/10.3390/jcm12062245

[8] Petrini, L., & Arendt-Nielsen, L. (2020). Understanding pain
catastrophizing: Putting pieces together. Frontiers in Psychology,
11, 603420. https://doi.org/10.3389/fpsyg.2020.603420

[9] Chun, C., Park, B., & Shi, C. (2020). Re-living suspense:

Emotional and cognitive responses during repeated exposure

to suspenseful film. Frontiers in Psychology, 11, 558234.

https://doi.org/10.3389/fpsyg.2020.558234

Gamage, G., de Silva, D., Mills, N., Alahakoon, D., & Manic,

M. (2024). Emotion AWARE: An artificial intelligence

framework for adaptable, robust, explainable, and multi-

granular emotion analysis. Journal of Big Data, 11(1), 93.

https://doi.org/10.1186/s40537-024-00953-2

[10

—

[11] Gaultney, W. M., Dahlquist, L. M., & Quiton, R. L. (2021).

Cognitive load and the effectiveness of distraction for acute

pain in children. Furopean Journal of Pain, 25(7),

1568-1582. https://doi.org/10.1002/ejp.1770

Singh, A., Bianchi-Berthouze, N., & Williams, A. C. (2017).

Supporting everyday function in chronic pain using wearable

technology. In Proceedings of the 2017 CHI Conference on

Human Factors in Computing Systems, 3903-3915. https://

doi.org/10.1145/3025453.3025947

[13] Gordon, A. M., & Mendes, W. B. (2021). A large-scale study of
stress, emotions, and blood pressure in daily life using a digital
platform. In Proceedings of the National Academy of Sciences,
118(31),e2105573118. https://doi.org/10.1073/pnas.2105573118

[14] Tutelman, P. R., & Webster, F. (2020). Qualitative research and pain:
Current controversies and future directions. Canadian Journal of
Pain, 4(3), 1-5. https://doi.org/10.1080/24740527.2020.1809201

[15] AsefiRad, A., & Wippert, P. M. (2024). Insights into pain distraction
and the impact of pain catastrophizing on pain perception during
different types of distraction tasks. Frontiers in Pain Research, 5,
1266974. https://doi.org/10.3389/fpain.2024.1266974

[16] Premyji, S., Kosny, A., Yanar, B., & Begum, M. (2020). Tool for
the meaningful consideration of language barriers in qualitative
health research. Qualitative Health Research, 30(2), 167-181.
https://doi.org/10.1177/1049732319856303

[17] Dy, M., Olazo, K., Lyles, C. R., Lisker, S., Weinberg, J., Lee, C.,
..., & Sarkar, U. (2023). Usability and acceptability of virtual
reality for chronic pain management among diverse patients in
a safety-net setting: A qualitative analysis. JAMIA Open, 6(3),
00ad050. https://doi.org/10.1093/jamiaopen/o0ad050

[18] Mills, S. E. E., Nicolson, K. P., & Smith, B. H. (2019). Chronic
pain: A review of its epidemiology and associated factors in
population-based studies. British Journal of Anaesthesia,
123(2), e273—e283. https://doi.org/10.1016/j.bja.2019.03.023

[19] Knutsen Steinnes, K., Blomster, J. K., Seibt, B., Zickfeld, J. H.,
& Fiske, A. P. (2019). Too cute for words: Cuteness evokes the
heartwarming emotion of kama muta. Frontiers in Psychology,
10, 387. https://doi.org/10.3389/fpsyg.2019.00387

[20] Adamowicz, L., Christakis, Y., Czech, M. D., & Adamusiak, T.
(2022). SciKit digital health: Python package for streamlined
wearable inertial sensor data processing. JMIR mHealth and
uHealth, 10(4), €36762. https://doi.org/10.2196/36762

[21] Daniluk, A., Daniluk, B., & Wojcik, G. M. (2025). A Python

code for simulations of RHEED intensity oscillations within

the one-dimensional dynamical approximation. Computer

Physics Communications, 308, 109467. https://doi.org/10.

1016/j.cpc.2024.109467

Katz, S. (2025). GitHub —SKatz1046/Smart-Wearable-VR

Device-for-Chronic-Pain: Bon View Press article reference

code. Retrieved from: https://github.com/SKatz1046/Smart-

Wearable-VR-Device-for-Chronic-Pain

[12]

[22

—_—

How to Cite: Katz, S. (2025). Virtual Reality Smart Wearable Technology for
Personalized Chronic Pain Intervention. Smart Wearable Technology. https:/
doi.org/10.47852/bonviewSWT52025700

05


https://doi.org/10.15585/mmwr.mm7215a1
https://doi.org/10.3390/cells12232726
https://doi.org/10.3390/cells12232726
https://doi.org/10.1213/ANE.0000000000006564
https://doi.org/10.1213/ANE.0000000000006564
https://doi.org/10.3390/jcm11123259
https://doi.org/10.1097/j.pain.0000000000003149
https://doi.org/10.1089/cyber.2014.0207
https://doi.org/10.3390/jcm12062245
https://doi.org/10.3389/fpsyg.2020.603420
https://doi.org/10.3389/fpsyg.2020.558234
https://doi.org/10.1186/s40537-024-00953-2
https://doi.org/10.1002/ejp.1770
https://doi.org/10.1145/3025453.3025947
https://doi.org/10.1145/3025453.3025947
https://doi.org/10.1073/pnas.2105573118
https://doi.org/10.1080/24740527.2020.1809201
https://doi.org/10.3389/fpain.2024.1266974
https://doi.org/10.1177/1049732319856303
https://doi.org/10.1093/jamiaopen/ooad050
https://doi.org/10.1016/j.bja.2019.03.023
https://doi.org/10.3389/fpsyg.2019.00387
https://doi.org/10.2196/36762
https://doi.org/10.1016/j.cpc.2024.109467
https://doi.org/10.1016/j.cpc.2024.109467
https://github.com/SKatz1046/Smart-Wearable-VR-Device-for-Chronic-Pain
https://github.com/SKatz1046/Smart-Wearable-VR-Device-for-Chronic-Pain
https://doi.org/10.47852/bonviewSWT52025700
https://doi.org/10.47852/bonviewSWT52025700

	Virtual Reality Smart Wearable Technology for Personalized Chronic Pain Intervention
	1. Introduction
	2. Literature Review
	2.1. Theoretical framework

	3. Research Methodology
	3.1. Research design
	3.2. Participants
	3.2.1. Instruments


	4. Results
	4.1. Happiness
	4.2. Image B: Suspense
	4.3. Both
	4.4. Discussion

	5. Conclusion
	Recommendations
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages true
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


