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Abstract—Pulse oximetry is a widely accepted clinical method for 
noninvasive monitoring of arterial oxygen saturation and pulse rate. 
Significant improvements aimed at curbing motion artifacts and 
improving reliability in detecting sufficiently strong 
photoplethysmographic signals are required to reduce errant 
measurements before the pulse oximeter can be considered for wider 
mobile applications. The present work describes the development of a 
wearable multi-channel reflectance pulse oximeter to investigate if a 
motion artifact-free signal can be obtained in at least one of the multi-
channels at any given time. Pilot findings provided a proof of concept to 
support the hypothesis that photoplethysmograms acquired concurrently 
from independent channels in a multi-channel pulse oximeter sensor 
respond differently to motion artifacts, thus laying the foundation for 
future development of robust active noise cancellation and data fusion 
based algorithms to mitigate the effects of motion artifacts. 
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I. INTRODUCTION 
Steady advances in noninvasive physiological sensing, 

hardware miniaturization and wireless communication are 
leading to the development of new wearable technologies that 
have broad and important implications for civilian and military 
applications. For example, the emerging development of 
compact, low-power, small-size, light- weight, and unobtrusive 
wearable devices may facilitate remote noninvasive monitoring 
of vital signs from soldiers during training exercises and 
combat. Telemetry of physiological information via a short-
range wirelessly-linked personal area network can also be 
useful for particular categories of users, such as emergency 
first-responders, workers in harsh environments, including 
firemen and rescue patrols, or outdoors sportsmen, including 
high altitude mountaineers. The primary goals of such a 
wireless mobile platform would be to keep track of an injured 
person’s vital signs, thus readily allowing the telemetry of 
physiological information to medical providers, and support 
emergency responders in making critical and often lifesaving 
decisions in order to expedite rescue operations. Having 
wearable physiological monitoring could offer far-forward 
medics numerous advantages, including the ability to 
determine a casualty’s condition remotely without exposing the 
first responders to increased risks, quickly identifying the 
severity of injuries especially when the injured are greatly 
dispersed over large geographical terrains and often out-of-site, 
and continuously tracking the injured condition until they 
arrive safely at a medical care facility. 

Several technical challenges must be overcome to address 
the unmet demand for long-term continuous physiological 
monitoring in the field. In order to design more compact 

sensors and improved wearable instrumentation, perhaps the 
most critical challenges are to develop more power efficient 
and low-weight devices. To become effective, these 
technologies must also be robust, comfortable to wear, and 
cost-effective. Additionally, before wearable devices can be 
used effectively in the field, they must become unobtrusive and 
should not hinder a person’s mobility. Employing commercial 
off-the-shelf (COTS) solutions, for example finger pulse 
oximeters to monitor blood oxygenation and heart rate, or 
standard adhesive-type disposable electrodes for ECG 
monitoring, is not practical for many field applications because 
they limit mobility and can interfere with normal tasks. A 
potentially attractive approach to aid emergency medical teams 
in remote triage operations is the use of a wearable pulse 
oximeter to wirelessly transmit heart rate (HR) and arterial 
oxygen saturation (SpO2) to a remote location. 

Pulse oximetry is a widely accepted method that is 
clinically used for noninvasive monitoring of SpO2 and HR. 
The method is based on spectrophotometric measurements of 
changes in the optical absorption properties of 
deoxyhemoglobin (Hb) and oxyhemoglobin (HbO2). 
Noninvasive spectrophotometric measurements of SpO2 are 
typically performed in the visible (600-700nm) and near-
infrared (NIR) spectral regions between 800-950nm. Pulse 
oximetry relies on the detection of photoplethysmographic 
(PPG) signals produced by variations in the quantity of arterial 
blood that is associated with periodic contractions and 
relaxations of the heart. Hence, the technique relies on the 
presence of a stable peripheral arterial pulse. 

Pulse oximetry can be performed in either transmission or 
reflection modes. In transmission pulse oximetry, the sensor is 
typically attached across a fingertip, foot, or earlobe. In this 
configuration, the light emitting diodes (LEDs) and 
photodetector (PD) are mounted on opposite sides of a 
peripheral pulsating vascular bed. Alternatively, in reflection-
mode pulse oximetry, the LEDs and PD are both mounted side-
by-side on the same planar substrate to enable readings from 
multiple body locations where trans-illumination 
measurements are not feasible. Clinically, reflectance pulse 
oximetry has long been recognized as a potential alternative 
method to transmission pulse oximetry in certain medical 
applications where peripheral perfusion might be 
compromised. Additionally, reflection-mode is attractive for 
body sensor networks (BSN) due to the flexibility in choosing 
various sensor mounting locations over conventional 
transmission-mode pulse oximetry. 
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Several studies have reported that forehead oximeters are at 
least as accurate as finger mounted oximeters under normal 
testing conditions, and due to their central placement, are 
affected less by thermoregulatory vasoconstriction and are able 
to respond more quickly to desaturation events [1, 2]. Also, 
during conditions which lead to poor peripheral perfusion, 
forehead sensors have demonstrated greater accuracy than 
finger sensors [3, 4]. In addition, pulse oximetry measurements 
from the forehead offer a potential advantage in tactical 
settings that require extensive use of the hands that can 
introduce excessive motion artifacts. While reflectance mode 
pulse oximetry remains promising, significant improvements 
aimed at curbing motion artifact and improving reliability in 
detecting sufficiently strong PPG signals are required to 
identify and reduce errant measurements before they can be 
considered for wider and more reliable mobile applications. 

II. MOTION ARTIFACTS 
Although well accepted for use in resting subjects, using 

pulse oximetry outside of a more controlled hospital setting has 
been problematic for several reasons. Depending on the 
measurement site, sensors may be subjected to varying degrees 
of motion artifacts, resulting in signal corruption and thus 
inaccurate estimations of HR and SpO2 [5, 6]. Many clinicians 
have cited motion artifacts in pulse oximetry as the most 
common cause of false alarms, loss of signal, and inaccurate 
readings [7]. While the intelligent design of sensor attachment, 
form factor and packaging can help to reduce the impact of 
motion disturbances by making sure that the sensor is securely 
mounted, it is rarely sufficient for noise removal.  

In relation to pulse oximetry obtained from the forehead, it 
is speculated that the main source of motion artifact is due to 
changes in the relative position of the sensor with respect to the 
curved skull rather than the relative movements of the sensor 
with respect to the skin. Due to the rounded and optically 
inhomogeneous surface properties of the forehead, alterations 
in sensor position and orientation will cause changes in the 
distribution of backscattered light reaching the PD. Therefore, 
sudden changes in incident light intensity reaching the PD due 
to cyclical movement of the sensor will result in the corruption 
of the PPG signals. Some research has also suggested that there 
may be two other sources of motion artifacts. The first source 
of motion artifacts can be attributed to the formation of air gaps 
created between the skin and sensor during physical activity 
[8], which may cause measurement error. Another source of 
motion artifact can be attributed to low venous pressure blood 
“slosh” with back and forth movement which is seen when an 
individual is physically active. This local perturbation of 
venous blood adds to the AC component of the PPG signal and 
can result in low SpO2 measurements [9]. 

Combating motion artifacts can be performed via both 
hardware and computational implementations: 

i. Computational Approaches to Combat Motion Artifacts: 
Various computational algorithms attempt to isolate the effects 
of undesired motion-induced artifacts by rejecting suspect 
estimates of signal values [10]. Making matters worse in this 
case is that the noise can frequently fall within the same in-
band frequency as the physiological signal of interest, thus 
rendering conventional linear signal filtering with fixed cut-off 

frequencies ineffective. Recently developed pulse oximeters 
offer potential advantages because they utilize advanced 
signal-processing methodologies in an attempt to provide 
continuous and accurate measurements when signals are weak 
(e.g., low perfusion) or corrupted by motion artifacts. Among 
the numerous signal processing techniques explored to address 
the confounding issue of in-band noise is adaptive noise 
cancellation (ANC). One example of a motion-tolerant 
algorithm is the Signal Extraction Technology (SET®) 
developed by Masimo [11]. 
ii. Hardware Approaches to Combat Motion Artifacts: 
Since the introduction of pulse oximetry in the 1980s, 
improvements have been made to decrease the interference of 
motion artifacts on continuous, reliable estimation of oxygen 
saturation. New adhesive materials and mechanical design of 
the sensor housing placed against the skin have dramatically 
reduced problems with adherence and almost eliminated skin 
complications from sensor heat or reaction to adhesive 
materials. Improvements in sensor technology, particularly 
those related to minimizing motion artifacts, have 
progressively improved the accuracy and reliability of the 
devices during the past 20 years. 

As PPG signals are highly susceptible to motion, various 
strategies have been employed to improve estimates of 
physiological variables derived from noisy PPG signals. 
Generally, motion artifacts in the recorded PPG signals are 
more difficult to remove than instrumental artifact as they do 
not have a predetermined narrow frequency band and their 
spectrum often overlaps with the desired signal. Thus, classical 
linear filtering with fixed cut-off frequencies to minimize the 
effect of motion artifacts cannot be implemented very 
effectively. Accelerometers (ACC) combined with ANC have 
been suggested as a promising approach for active noise 
cancellation of motion-corrupted biosignals [12, 13]. The most 
common approach employs an accelerometer sensor based on 
MEMS technology which offers a low-cost solution [14-16]. 
For example, Relente et al. [17] used an accelerometer as a 
motion reference for removing artifacts from a Nellcor pulse 
oximeter. However, despite these promising results, the 
effectiveness of an accelerometer-based automatic noise 
cancellation depends on the type of motion artifacts. For 
example, the reduction in noise may be limited during less 
repetitive sporadic movements. Moreover, if the motion 
frequency shifts rapidly over a wide spectral band, the 
approach is generally less effective due to a slower adaptation 
rate. 

III. PROTOTYPE SENSOR CONFIGURATIONS TO STUDY THE 
EFFECTS OF MOTION ARTIFACTS 

Our laboratory has developed several prototype wearable 
reflectance-type pulse oximeters to investigate the effects of 
motion artifacts on different sensor configurations. 

A. Dual-Wavelength and Single PD Configuration 
Fig. 1 depicts a more conventional custom optical sensor 

configuration comprised of a pair of red (R) and NIR LEDs 
and a single PD. The wearable sensor contains an optical 
reflectance module, electronic circuitry and a tri-axial 
accelerometer. The PPG waveforms are acquired using a small  
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Fig. 3. Typical IR PPG signals recorded simultaneously from two different 
channels (top and bottom 4 traces) during rest, left-right (L/R), up-down 
(U/D) and circular head movements. 

 

 

Fig. 4. SpO2 and HR estimations derived from two different PPG channels 
recorded simultaneously during rest and motion induced activities. Horizontal 
traces denote average readings obtained by the reference pulse oximeter. 

positioned in the center of the MCPO sensor. Similarly, Fig. 4 
shows corresponding SpO2 and HR estimations derived from 
two different PPG channels recorded simultaneously during 
rest and motion induced artifacts. Notice the overall changes 
in signal amplitude and morphology in the recorded PPG 
waveforms caused by typical left-right, up-down and circular 
head movements while the subject remained in a sitting 
position. 

Fig. 5 summarizes the mean and SD corresponding to HR 
and SpO2 derived readings obtained from every PPG channel 
in the MCPO prototype sensor. These data were recorded 
during rest and voluntary left-right, up-down and circular head 
movements while the subject remained in a sitting position. 
Horizontal lines represent mean HR and SpO2 measurements 
obtained concurrently by a reference Masimo Radical SET™ 
pulse oximeter sensor mounted on the subject’s finger while 
the hand was immobilized to limit motion artifacts. 

The response of the MCPO to motion artifacts was also 
evaluated under more representative activities by recording 
PPG data from the forehead mounted sensor and Masimo 
finger pulse oximeter while the subject was walking casually, 
climbing a set of stairs and performing short turning 
manuvers. Fig. 6 summarizes the mean and SD corresponding 
to the HR and SpO2 derived readings obtained during these 
activities. 

Tables I and II compare average HR and SpO2 
measurements derived from different PPG channels in the 
MCPO sensor during voluntary head movements, while the 
subject was sitting and performing controlled head movements 
in the laboratory setting, with measurements obtained during 
free less restricted body movements outside the laboratory. 
These data clearly show that calculated HR values derived 
independently from certain PPG channels are within 
acceptable errors of ±1 bpm, while other channels produced 
clinically significant errors. 

 
Fig. 5. HR and SpO2 obtained from 6 independent PPG channels during rest, 
L/R, U/D and circular head movements. (Top) HR derived from each channel. 
(Bottom) corresponding SpO2 readings derived from 9 R/IR channel pairs. 
Horizontal lines denote mean measurements obtained concurrently from a 
finger by the reference pulse oximeter. 
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Fig. 6. HR and SpO2 obtained from 6 independent PPG channels during 
sitting, walking straight, climbing stairs, and turning to simulate movement 
artifacts. (Top) HR derived from each channel. (Bottom) corresponding SpO2 
readings derived from 9 R/IR channel pairs. Horizontal lines represent mean 
measurements obtained concurrently from a finger by a reference Masimo 
pulse oximeter. 

TABLE I. MEAN HR DIFFERENCES DERIVED FROM DIFFERENT PPG CHANNELS 
DURING VOLUNTARY HEAD MOVEMENTS (TOP) AND MEASUREMENTS 
OBTAINED DURING FREE MOVING EXERCISES (BOTTOM). 

 

TABLE II. MEAN SPO2 DIFFERENCES DERIVED FROM DIFFERENT 
COMBINATIONS OF R/IR CHANNEL PAIRS DURING VOLUNTARY HEAD 
MOVEMENTS (TOP) AND FREE MOVING EXERCISES (BOTTOM). 

 

VI. CONCLUSIONS 
The present work described the development of a MCPO 

that can be used to investigate how SpO2 and HR readings may 
be affected by motion artifacts. These pilot findings showed 

evidence to support the hypothesis that PPG signals acquired 
concurrently from independent channels in a wearable 
reflectance-type MCPO sensor are affected differently by 
motion artifacts, allowing for automatic adjudication of which 
signal is likely to be a more accurate reflection of physiological 
changes, thus helping to reduce measurement errors. Future 
work will be focused on the development of advanced active 
noise cancellation algorithms to take advantage of the spatial 
diversity of different channels and fuse the data measured by 
the most reliable channels in the MCPO. If proven successful, 
this strategy will be used to improve real-time measurements of 
SpO2 and HR by a wearable reflectance-mode pulse oximeter. 

ACKNOWLEDGMENTS 
The authors acknowledge the financial support provided by 

the MIT-Lincoln Laboratory. This work is supported by the US 
Army Medical Research and Materiel Command 
(USAMRMC) under Grants No. W81XWH-10-1-0529 and 
W81XWH-12-1-0541. The views, opinions and/or findings 
contained in this report are those of the author(s) and should 
not be construed as an official Department of the Army 
position, policy or decision unless so designated by other 
documentation. 

REFERENCES 
[1] S. Sugino, N. Kanaya, M. Mizuuchi, M. Nakayama, and A. Namiki, 

"Forehead is as sensitive as finger pulse oximetry during general 
anesthesia," Canadian Journal of Anaesthesia-Journal Canadien D 
Anesthesie, vol. 51, pp. 432-436, May 2004. 

[2] S. J. Choi, H. J. Ahn, M. K. Yang, C. S. Kim, W. S. Sim, J. A. Kim, et 
al., "Comparison of desaturation and resaturation response times 
between transmission and reflectance pulse oximeters," Acta 
Anaesthesiologica Scandinavica, vol. 54, pp. 212-217, Feb 2010. 

[3] R. D. Branson and P. D. Mannheimer, "Forehead oximetry in critically 
ill patients: the case for a new monitoring site," Respir Care Clin N Am, 
vol. 10, pp. 359-67, vi-vii, Sep 2004. 

[4] L. Schallom, C. Sona, M. McSweeney, and J. Mazuski, "Comparison of 
forehead and digit oximetry in surgical/trauma patients at risk for 
decreased peripheral perfusion," Heart Lung, vol. 36, pp. 188-94, May-
Jun 2007. 

[5] L. H. Norton, B. Squires, N. P. Craig, G. McLeay, P. McGrath, and K. I. 
Norton, "Accuracy of pulse oximetry during exercise stress testing," Int 
J Sports Med, vol. 13, pp. 523-7, Oct 1992. 

[6] H. Benoit, F. Costes, L. Feasson, J. R. Lacour, F. Roche, C. Denis, et al., 
"Accuracy of pulse oximetry during intense exercise under severe 
hypoxic conditions," Eur J Appl Physiol Occup Physiol, vol. 76, pp. 
260-3, 1997. 

[7] M. T. Petterson, V. L. Begnoche, and J. M. Graybeal, "The effect of 
motion on pulse oximetry and its clinical significance," Anesth Analg, 
vol. 105, pp. S78-84, Dec 2007. 

[8] H. H. Asada, P. Shaltis, A. Reisner, S. Rhee, and R. C. Hutchinson, 
"Mobile monitoring with wearable photoplethysmographic biosensors," 
Ieee Engineering in Medicine and Biology Magazine, vol. 22, pp. 28-40, 
May-Jun 2003. 

[9] A. Sola, L. Chow, and M. Rogido, "Pulse oximetry in neonatal care in 
2005. A comprehensive state of the art review," An Pediatr (Barc), vol. 
62, pp. 266-81, Mar 2005. 

[10] N. Selvaraj, Y. Mendelson, K. Shelley, D. Silverman, and K. Chon, "A 
computational approach for the detection and rejection of motion/noise 
artifacts in PPG," IEEE Trans Biomed Eng, 2011. 

[11] J. M. Goldman, M. T. Petterson, R. J. Kopotic, and S. J. Barker, 
"Masimo signal extraction pulse oximetry," J Clin Monit Comput, vol. 
16, pp. 475-83, 2000. 

[12] L. B. Wood and H. H. Asada, "Noise cancellation model validation for 
reduced motion artifact wearable PPG sensors using MEMS 

Rest Walking Climbing Turning
40

60

80

100

120

140

160

180
H

R
 (

bp
m

)

Rest Walking Climbing Turning
20

40

60

80

100

120

S
pO

2 (
%

)

LED 1 LED 2 LED 3 LED 4 LED 5 LED 6
Rest -1.0 -1.0 -1.0 -1.0 -1.0 -1.0
L/R 1.0 -0.2 -0.1 -0.2 -0.2 -0.2
U/D 4.2 9.7 2.5 -0.6 -0.5 7.5

Circular 4.7 2.3 2.3 -0.4 -0.4 3.4
Rest -1.4 -1.4 -1.4 -1.4 -1.4 -1.3

Walking 12.4 8.2 5.4 2.2 2.2 13.9
Climbing 10.9 27.8 11.8 3.0 4.9 17.0
Turning 16.9 18.2 2.4 6.2 7.1 19.5

Bo
dy

H
ea

d

1 2 3 4 5 6 7 8 9
Rest -2.5 -11.7 -3.7 -11.1 -25.9 -13.0 0.6 -6.6 -0.4
L/R -3.1 -14.3 -5.1 -12.2 -30.3 -15.7 0.2 -8.6 -1.5
U/D -27.6 -62.1 -21.1 -23.4 -51.9 -18.2 -1.8 -13.6 -1.2

Circular -13.6 -30.7 -12.5 -17.0 -36.5 -15.8 -1.8 -11.6 -2.6
Rest -5.5 -14.2 -4.1 -19.2 -34.1 -16.8 -1.4 -8.3 -0.3

Walking -15.3 -28.4 -9.1 -27.9 -46.9 -19.3 0.2 -5.9 2.3
Climbing -18.3 -32.1 -12.5 -25.8 -42.4 -19.1 -1.2 -7.8 0.0
Turning -1.2 -11.2 1.6 -6.4 -20.0 -2.7 -1.4 -11.8 1.3

R/IR pair

H
ea

d
B

od
y



accelerometers," Conf Proc IEEE Eng Med Biol Soc, vol. 1, pp. 3525-8, 
2006. 

[13] J. Y. Foo and S. J. Wilson, "A computational system to optimise noise 
rejection in photoplethysmography signals during motion or poor 
perfusion states," Med Biol Eng Comput, vol. 44, pp. 140-5, Mar 2006. 

[14] M. J. Mathie, A. C. Coster, N. H. Lovell, and B. G. Celler, "Detection of 
daily physical activities using a triaxial accelerometer," Med Biol Eng 
Comput, vol. 41, pp. 296-301, May 2003. 

[15] D. M. Karantonis, M. R. Narayanan, M. Mathie, N. H. Lovell, and B. G. 
Celler, "Implementation of a real-time human movement classifier using 
a triaxial accelerometer for ambulatory monitoring," IEEE Trans Inf 
Technol Biomed, vol. 10, pp. 156-67, Jan 2006. 

[16] Y. Mendelson, R. J. Duckworth, and G. Comtois, "A wearable 
reflectance pulse oximeter for remote physiological monitoring," Conf 
Proc IEEE Eng Med Biol Soc, vol. 1, pp. 912-5, 2006. 

[17] A. R. Relente and L. G. Sison, "Characterization and adaptive filtering 
of motion artifacts in pulse oximetry using accelerometers," Second 
Joint Embs-Bmes Conference 2002, Vols 1-3, Conference Proceedings, 
pp. 1769-1770, 2002. 

[18] A. C. M. Dassel, R. Graaff, M. Sikkema, A. Meijer, W. G. Zijlstra, and 
J. G. Aarnoudse, "Reflectance Pulse Oximetry at the Forehead Improves 
by Pressure on the Probe," Journal of Clinical Monitoring, vol. 11, pp. 
237-244, Jul 1995. 

[19] X. F. Teng and Y. T. Zhang, "The effect of contacting force on 
photoplethysmographic signals," Physiological Measurement, vol. 25, 
pp. 1323-1335, Oct 2004. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


