
Figure 1: Demonstration of Bubble. The complete 
device with four uninflated units (top), and four 
application scenarios (underneath) of using the 
device to grasp a bottle of soda, a small box, a 
ruler, and a screwdriver. 
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ABSTRACT1 
We present Bubble, a pneumatically actuated wearable device that enables people with hand 
disabilities to use their own hands to grasp objects without fully bending their fingers. Bubble offers 
a novel approach to grasping, where slim, ultra-lightweight silicone actuators are attached to the 
fingers. When the user wishes to grasp an object, the silicone units inflate pneumatically to fill the 
available space around the object. The inflatable units are interchangeable, can be independently 
inflated, and can be positioned anywhere on the fingers in any orientation, thereby enabling a wide  
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Figure 2: Concept overview of Bubble. a) 
Contraction of the forearm muscles is sensed and 
used to control inflation. b) An object is grasped 
using inflated units. c) Examples of grasping 
different objects using Bubble. From left to right: 
grasping a card (with the pinch gesture), a pen, a 
cylindrical object (e.g. water bottle). 
 

 
 
Figure 3: Demonstration of an inflatable unit at 
different degrees of inflation, when inflated for 
(a) 0s, (b) 1s, (c) 2s, (d) 3s, and (e) 4s. The mass of 
the unit is 5 grams. 

variety of grasping gestures including the palmar grasp, pinch, etc. In this paper, we describe the 
implementation of our current prototype, the fabrication process of the soft inflatable units, as well 
as our preliminary study to evaluate our system's grasping capability. 
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INTRODUCTION 
The ability to grasp and manipulate objects with our hands is one of the most essential human 
faculties. We rely heavily on our hands to perform basic daily tasks such as eating, writing, and 
getting dressed. However, those with diminished hand dexterity may struggle with these common 
tasks, resulting in a greatly reduced quality of life, or even inability to care for themselves. 
      Loss of hand function affects many [3], while cures can often be partial or nonexistent. For 
instance, sarcopenia, natural age-related decline in muscle mass, affects 5% to 13% of the elderly 
[9]; symptomatic hand osteoarthritis, a kind of arthritis affecting hand function with potential to 
cause hand disabilities, is estimated to affect 4 in 10 people in their lifetimes [7]; multiple sclerosis 
(MS), a common cause for impairments in hand function due to the unpredictable disruption of 
brain signals, affects 2.1 million people worldwide, with the number on the rise [8]. 
      Researchers have explored a variety of wearable assistive grasping solutions. One conventional 
approach is a rigid hand exoskeleton, such as HandSOME [1] or HandEXOS [2]. While 
exoskeletons effectively bend fingers, they can often be heavy and complicated to wear. Assistive 
hand gloves are another solution, either tendon-driven such as Exo-glove ploy [12] and SEM Glove 
from Bioservo [5], or pneumatically-actuated [6, 10, 11] based on the principle of pneumatically-
actuated soft grippers [4]. 
      These approaches enable grasping by externally applying force to the fingers to bend them 
around the object. However, this grasping method has fundamental limitations: 1) forceful bending 
of the fingers may be painful for people with certain conditions (e.g. arthritis), 2) smaller objects 
(e.g. pills) can be more difficult to grasp than larger ones, and 3) the supported grasping gestures 
are very few (often limited to the palmar pinch, while other frequently used gestures such as the 
pinch grasp or pen grasp cannot be formed using this method). 
      We present a fundamentally different approach to grasping. Rather than bending the user's 
fingers around an object, our approach uses ultra-slim inflatable silicone chambers attached to the 
hand that expand dynamically to fill the space around the object. This enables grasping of various-
sized objects, does not require users to fully bend their fingers around the objects, and allows for a 
variety of grasping gestures based on how the inflatable units are positioned and orientated. To 
the best of our knowledge, this approach has not been explored previously. 
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Figure 4: Components of the Bubble system. 
Communication between the EMG sensor, 
computer, and control unit occurs wirelessly via 
Bluetooth Low Energy (BLE). 

SYSTEM OVERVIEW 
Grasping an object typically involves molding one's fingers to the object's surface until the space 
between surface and skin is filled and the object is firmly held. Based on this principle, Bubble 
works by dynamically filling the space between fingers and object with inflatable units. 
      Bubble consists of four main parts: (1) a set of soft inflation units that attach to the hand, made 
to attach (depending on object size) either to the fingers or the palm, (2) a control unit powering 
the system and controlling the behavior of the pneumatic system, (3) an EMG sensor (Myo 
Armband), and (4) a computer working remotely for real-time data collection and processing. (In 
our current prototype, we have only attached inflation units to the fingers.) 
      To use Bubble, a user first attaches the EMG sensor to the forearm, and then the inflation units 
to the hand in the desired configuration. The control unit can be attached to the forearm using a 
rubber band or elastic wristband. Users decide which fingers to place units on, the number of units 
per finger, and the position and orientation of each unit. 
      To grasp an object, the user approaches it with their hand and then contracts their forearm 
muscles to trigger the inflation of the chambers. The inflation continues while the muscles remain 
contracted or until a maximum inflation threshold is reached. Once the object is properly held, the 
user can stop the inflation by relaxing their forearm. To release the object, the user performs a 
strong flexion with the wrist (moving the wrist downwards) which causes all chambers to deflate 
synchronously and the object to be dropped. Figure 2 illustrates the use of Bubble for object 
grasping, and Figure 3 shows different degrees of inflation for a soft chamber. 

SYSTEM ARCHITECTURE 
EMG Sensor and Neural Network 
We used the Myo Armband for EMG sensing. It uses 8 stainless steel pods to collect 8-channel 
EMG signals at a frequency of 200Hz, which are sent to a computer using Bluetooth 4.0 protocol. 
For data collection and signal classification, we developed custom software in Python 3 which we 
ran on a MacBook Pro (2.9GHz Intel Core i7 processor with 16GB memory). For EMG signal 
classification, we trained a simple convolutional neural network with 2 hidden convolution layers 
of 30 nodes and 60 nodes, respectively. The training dataset we collected was from one of the 
authors, which contains 6000 records of 8-channel EMG data for each target muscle movement to 
be classified. Pre-processing was conducted on the data by first converting each data sample into 
its absolute value, and then a moving average was applied to each channel of the data using a 
window size of 5. The same procedure was used to process real-time incoming raw EMG data 
before feeding it into the trained model. We used 20% of randomly-chosen data for validation, and 
the training detection accuracy was 94%. The classification was performed in real-time. 

CHI 2019 Late-Breaking Work CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

LBW2313, Page 3



 

 
Figure 5: System architecture. EMG signals are 
collected and sent to a computer for analysis, and 
the result is then used to control the electronics 
and pneumatics driving the inflatable units. 
 

 
Figure 6: Casting process (a) for the inflatable 
chamber and (b) for the final unit. 
 

 
Figure 7: Fabrication. (a) EcoflexTM 00-50 parts A 
and B are mixed, (b) poured into the molds, (c) 
and the top and bottom pieces are then 
assembled. 

Control Unit 
We used the Adafruit Feather nRF52 as the controller for our system. It has an ARM Cortex M4F 
processor running at 64MHz as well as built-in Bluetooth Low Energy (BLE) capability. We 
developed our own firmware implementing UART over BLE for communication between the 
controller and the computer. No obvious delay was perceived between the muscle actuation signal 
and device inflation. 
      We built our own pneumatic circuit with a micro pump and a valve array of eight two-way 
valves modified from 3-port valves. Each of the valves is only 5.9mm wide and weighs 4.5g, 
enabling fabrication of a lightweight, concise setup to improve wearability. The total mass of the 
controller together with 5 inflatable units is 140g. 
      Figure 5 shows a block diagram of the complete system architecture and signal flow. 

FABRICATION PROCESS 
The method of molding and casting was utilized for fabrication of the soft inflatable modules. 
EcoflexTM 00-50 silicone Part A and Part B were used with SLO-JOR retarder to form a material 
with the desired stiffness and elasticity for the modules. Molds were 3D printed from CAD files at 
a high resolution to create silicone parts with maximally smooth surfaces. A base component and 
an elevated component were used to create the inflation chamber with a channel for airflow. After 
silicone was poured into the molds for these two parts and allowed to cure, the products were 
sealed together using Sil-PoxyTM. Finally, the sealed structure was placed into a larger mold which 
was then filled with silicone to create an adjustable strap around the structure. The casting and 
fabrication processes are illustrated in Figures 6 and Figure 7, respectively. 

PRELIMINARY GRASPING EVALUATION 
Experiment 
To investigate the grasping capability of Bubble, we conducted a preliminary test with one 
participant (27 year-old male with intact hand function) to grasp objects of different shapes, sizes, 
and weights. The list of objects and some example device configurations are listed in Figure 8. 
      Before the test, the participant first confirmed that the system behaved as expected. During 
the test, the participant used the device to grasp objects by first putting their hand on an object 
and then initiating the inflation.  Four inflatable units were used in the test, placed on the thumb, 
index, middle, and ring fingers. Changing the position and the orientation of each inflatable unit 
was allowed if the participant believed it easier to grasp the object in that way. Finger contraction 
was not allowed during the test since some of the intended end-users of the device may not have 
this ability. If an object could be firmly held and the participant could freely move it around 
without fear of dropping it, then the object was considered possible to be grasped. The test was 
performed for three categories of objects: long and thin, flat, and cylindrical/cuboidal.  
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Figure 8: Objects used for the grasping 
evaluation experiment. 

Table 1: Preliminary grasping test 
results. 
Object Mass (g) Position Grasped?  
Fork 30 (m,b,b,b) No 
Pen 6 (t,m,m,m) Yes 
Toothbrush 17 (t,m,m,m) Yes 
Syringe 12 (m,m,b,m) Yes 
Screwdriver 58 (m,m,b,m) Yes 
Cup 7 (m,m,m,m) Yes 
Glue Bottle 75 (m,m,m,m) Yes 
Ecoflex Can 200 (t,t,t,t) Yes 
Spray Bottle 275 (t,m,m,m) No 
Soda Bottle 645 (t,m,m,m) Yes 
Ruler 38 (t,m,m,m) Yes 
Masking Tape 65 (t,m,m,m) Yes 
Arduino Box 17 (t,m,m,m) Yes 
Phone Box 34 (t,m,m,b) Yes 
Smartphone 180 (t,m,m,m) No 
 
The position column indicates whether the unit 
was placed on the top(t), middle(m), or bottom(b) 
segment of the finger for the case of the (thumb, 
index, middle, ring) finger. 

Results 
The result of the experiment as well as the device positions used for grasping each object are 
summarized in Table 1. Overall, the participant was able to grasp most objects (4 out of 5) in each 
category. The biggest and heaviest object successfully grasped was a 600ml bottle of soda (23cm 
long, 7cm wide and 645g in weight), and the smallest was a pen (14cm long, 0.8cm wide, and 6g in 
weight).  
      The objects that could not be grasped were a fork (18cm long and 30g in weight), a rectangular 
spray bottle (21.5cm x 9.5cm x 4cm in size and 275g in weight) and a smartphone (iPhone X, 14cm x 
2.8cm x 7.1cm and 180g in weight). The inflated units had limited contact area with all of these test 
objects, so the device's ability to fill the space between hand and object was hindered. 
 
Limitations and Future Work 
Currently, to use Bubble, individuals with grasping difficulties would need help to put on the 
device. To address this problem, we plan to enable the inflatable units to automatically wrap 
themselves around a cylindrical object (i.e. finger) when pressed. This could be achieved by 
creating another air chamber in the structure of the inflatable unit that causes curling when 
inflated. The inflation would be triggered by an embedded organic pressure sensor. 
      In addition, as shown from the preliminary test, it is currently difficult to use Bubble to grasp 
objects with shapes that limit contact area (i.e. those with limited heights such as paper, cards, 
etc.). Thus, we plan to increase the number of units on the hand as well as develop an inflatable 
unit with horizontal inflation capabilities to increase possible contact area. 

CONCLUSION 
In this work, we have presented Bubble, a pneumatically-actuated wearable device that enables 
those with difficulty grasping objects to grasp things without fully bending their fingers. Bubble 
offers a novel approach to grasping by using silicone-based inflatable units to fill the space 
between the object and the hand when units are inflated. Inflation and deflation for grasping and 
dropping an object are controlled by forearm muscle signals (EMG) so that no finger bending is 
required. We have run a preliminary grasping test using common daily objects of different shapes 
and weights to evaluate Bubble's grasping capabilities. Our results show that Bubble can provide a 
firm hold for most objects tested, with the exception of objects with limited contact area. For 
future work, we plan to implement the capability of automatic wrapping to allow people with 
grasping difficulties to fasten the device independently, as well as further improve the grasping 
capability of the inflatable units by increasing their possible contact area.  

CHI 2019 Late-Breaking Work CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

LBW2313, Page 5



 

REFERENCES 
[1] Elizabeth B Brokaw, Iian Black, Rahsaan J Holley, and Peter S Lum. 2011. Hand Spring Operated Movement Enhancer 

(HandSOME): a portable, passive hand exoskeleton for stroke rehabilitation. IEEE Transactions on Neural Systems and 
Rehabilitation Engineering 19, 4 (2011), 391–399. 

[2] Azzurra Chiri, Francesco Giovacchini, Nicola Vitiello, Emanuele Cattin, Stefano Roccella, Fabrizio Vecchi, and Maria 
Chiara Carrozza. 2009. HANDEXOS: Towards an exoskeleton device for the rehabilitation of the hand. In Intelligent 
Robots and Systems, 2009. IROS 2009. IEEE/RSJ International Conference on. IEEE, 1106–1111.  

[3] S Dahaghin, SMA Bierma-Zeinstra, Max Reijman, HAP Pols, JMW Hazes, and BW Koes. 2005. Prevalence and 
determinants of one month hand pain and hand related disability in the elderly (Rotterdam study). Annals of the 
Rheumatic Diseases 64,1 (2005), 99–104. 

[4] Filip Ilievski, Aaron D Mazzeo, Robert F Shepherd, Xin Chen, and George M Whitesides. 2011. Soft robotics for 
chemists. Angewandte Chemie 123, 8 (2011), 1930–1935. 

[5] Mats Nilsson, Johan Ingvast, Jan Wikander, and Hans von Holst. 2012.  The Soft Extra Muscle system for improving 
the grasping capability in neurological rehabilitation. In 2012 2nd IEEE-EMBS Conference on Biomedical Engineering 
and Sciences, IECBES 2012; Langkawi; Malaysia; 17 December 2012 through 19 December 2012. IEEE, 412–417. 

[6] Panagiotis Polygerinos, Zheng Wang, Kevin C Galloway, Robert J Wood, and Conor J Walsh. 2015. Soft robotic glove 
for combined assistance and at-home rehabilitation. Robotics and Autonomous Systems 73 (2015), 135–143. 

[7] Jin Qin, Kamil E Barbour, Louise B Murphy, Amanda E Nelson, Todd A Schwartz, Charles G Helmick, Kelli D Allen, 
Jordan B Renner, Nancy A Baker, and Joanne M Jordan. 2017.  Lifetime risk of symptomatic hand osteoarthritis: the 
Johnston County Osteoarthritis Project. Arthritis & Rheumatology 69, 6 (2017), 1204–1212. 

[8] Mohammad  Ali  Sahraian,  Mohammad  Sahebkar,  Rouhullah  Dehghani,  Milad  Derakhshan-Jazari,  Vahid  Kazami-
Moghaddam, and Ebrahim Kouchaki. 2017. Multiple sclerosis-A disease on a dramatically rising trend in Iran: Review 
of possible reasons. Iranian journal of neurology 16, 1 (2017), 34. 

[9] Stephan von Haehling, John E Morley, and Stefan D Anker. 2010.  An overview of sarcopenia: facts and numbers on 
prevalence and clinical impact. Journal of cachexia, sarcopenia and muscle 1, 2 (2010), 129–133. 

[10] Hong Kai Yap, Benjamin WK Ang, Jeong Hoon Lim, James CH Goh, and Chen-Hua Yeow. 2016. A fabric-regulated soft 
robotic glove with user intent detection using EMG and RFID for hand assistive application. In Robotics and 
Automation (ICRA), 2016 IEEE International Conference on. IEEE, 3537–3542. 

[11] Hong Kai Yap, Jeong Hoon Lim, Fatima Nasrallah, Fan-Zhe Low, James CH Goh, and Raye CH Yeow. 2015. MRC-
glove: A fMRI compatible soft robotic glove for hand rehabilitation application. In Rehabilitation Robotics (ICORR), 
2015 IEEE International Conference on. IEEE, 735–740. 

[12] Sung-Sik Yun, Brian Byunghyun Kang, and Kyu-Jin Cho. 2017.  Exo-Glove PM: an easily customizable modularized 
pneumatic assistive glove. IEEE Robotics and Automation Letters 2, 3 (2017), 1725–1732. 

 

CHI 2019 Late-Breaking Work CHI 2019, May 4–9, 2019, Glasgow, Scotland, UK

LBW2313, Page 6



<<
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Amienne
    /Amienne-Bold
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Arnprior
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Baveuse
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /Berylium
    /Berylium-BoldItalic
    /Biondi
    /Biondi-Light
    /BlackadderITC-Regular
    /BlueHighway
    /BlueHighway-Bold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BlueHighwayLinocut
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Boopee
    /Boopee-Bold
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BurnstownDam
    /Byington
    /Byington-Bold
    /Byington-Italic
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /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
    /CarbonBlock
    /Castellar
    /Catriel
    /Catriel-Bold
    /Catriel-BoldItalic
    /Catriel-Italic
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CreditValley
    /CreditValley-Bold
    /CreditValley-BoldItalic
    /CreditValley-Italic
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DejaVuSans
    /DejaVuSans-Bold
    /DejaVuSans-BoldOblique
    /DejaVuSansCondensed
    /DejaVuSansCondensed-Bold
    /DejaVuSansCondensed-BoldOblique
    /DejaVuSansCondensed-Oblique
    /DejaVuSans-ExtraLight
    /DejaVuSans-Oblique
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /EarwigFactory
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /EuphorigenicS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HeavyHeap
    /Helvetica
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HurryUp
    /Huxtable
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /Kredit
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /Ligurino
    /Ligurino-Bold
    /LigurinoCondensed
    /Ligurino-Italic
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /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
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinyaNouvelle
    /MinyaNouvelleBold
    /MinyaNouvelleBoldItalic
    /MinyaNouvelleItalic
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /Mufferaw
    /MVBoli
    /Narkisim
    /Neuropol
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlanetBenson2
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Pupcat
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /Stereofidelic
    /SybilGreen
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tandelle
    /Tandelle-Bold
    /Tandelle-BoldItalic
    /Tandelle-Italic
    /Teen
    /Teen-Bold
    /Teen-BoldItalic
    /Teen-Italic
    /TeenLight
    /TeenLight-Italic
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /VelvendaCooler
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Waker
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




