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Abstract—Non-invasive respiration monitoring of a person has
many human-centric applications. In this paper, we use received
signal strength indicator (RSSI) from a wireless network to
perform non-contact respiration rate monitoring. We develop
a low-cost monitoring system that uses multiple commercial-
off-the-shelf (COTS) radios operating on multiple frequency
channels. We propose a maximum likelihood estimator (MLE)
to estimate respiration rate from RSSI on multiple links and
multiple channels. Our experimental results show that the system
is more robust to user orientations and postures. The system is
over 40% more accurate than previous systems for eight human
subject experiments.

Index Terms—Low power wireless, sensing, signal processing

I. INTRODUCTION

Respiration monitoring is an important topic in human-

centric applications such as patient monitoring, elder care,

and smart facilities. Researchers have been studying various

respiration sensing methods, such as airflow sensing, blood

gas measurement, movement, volume and tissue composition

detection [1]. As wireless devices become more pervasive,

a wireless network provides a low-cost way of monitoring

human activities such as respiration. In this paper, we study

respiration rate monitoring using received signal strength in-

dicator (RSSI) measurements, which are widely available in

standard wireless devices.

Recent studies [2], [3] have proposed to use RSSI measure-

ments from wireless devices to estimate a person’s respiration

rate. However, these systems are not robust to the person’s

orientations and postures, due to the coarse granularity of the

RSSI measurements and also the multipath effects. That is, if

a person changes her posture or orientation, the performance

of these systems may degrade significantly. In this paper, we

propose to improve the robustness of RSSI-based respiration

rate monitoring by 1) using a wireless network with wireless

nodes deployed at different locations, and 2) using pairwise

RSSI on multiple frequency channels.

First, we propose to use a wireless network so that we

can use RSSI from multiple links instead of a single link

as in [2]. We can see the importance of multiple links from

Fig. 1. The RSSI time series from Link 6 has the same signal

pattern as the spirometer data, which is recorded as the ground

truth of a person’s respiration rate. However, Link 3 does not

show any periodic changes caused by the respiration motion.

Their different sensitivities to motion should be due to the

relative locations of the links with respect to the person, and

the multipath effects of the environment (the positions of

Link 3, Link 6 and the person is shown in Fig. 3). To make

a system more robust to changes of user location, orientation

and posture, we propose a maximum likelihood estimator to

include RSSI from multiple nodes and multiple antennas. That

is, we take advantage of the space diversity to mitigate the

multipath effects.

Fig. 1. Spirometer (as ground truth) and RSSI time series from multiple
links and channels.

Second, we use RSSI from multiple frequency channels.

From Fig. 1, we see that for the same physical link between

a transmitter and a receiver, two frequency channels show

different sensitivities to the respiration motion. While the RSSI

on one channel (Channel 12) does not show much effect from

the respiration motion, RSSI on another channel (Channel 24)

shows clear periodic changes due to respiration. Note that

the person holds her breath for a short time period in the

middle of the test, which is clearly shown as flat in the RSSI

time series on Channel 24. Since the radio wavelengths are

different on different channels, the multipath effects can be

very different on multiple channels, even for the same link and

person locations. Thus, we use a time division multiple access

(TDMA) network protocol to collect RSSI from multiple

channels to improve system robustness.
In sum, we aim to improve the robustness of wireless

respiration rate monitoring by using frequency and space
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(a) Exp 1.1 (b) Exp 2.1

Fig. 2. Pictures of two sets of experiments (Experiment 1: sitting in chair scenario, Experiment 2: lying on bed scenario).

diversities with low-cost COTS wireless nodes. We propose

a maximum likelihood estimator using RSSI from multiple

nodes measured at multiple channels in Section II. We present

our human subject experiments at different environments and

experimental results in Section III. We discuss related work in

Section IV, and we conclude in Section V.

II. METHOD AND SYSTEM

A. Method

We formulate an MLE algorithm using RSSI from multiple

frequency channels and multiple links (including multiple

antennas). We use sc,l,t to denote RSSI measured from link l
on channel c at time t. To capture the periodic changes of RSSI

due to respiration, we calculate the RSSI change by removing

the averaged RSSI during a time window t = [0, 1, · · · ,m]:

yc,l,t = sc,l,t − s̄c,l,t (1)

where m is the length of the window, and s̄c,l,t =
1
m

∑m−1
i=0 sc,l,t−i is the sample average during this time pe-

riod.

For a static wireless network with N radio nodes, we have

L = N(N−1)/2 bidirectional links operating on C frequency

channels. Suppose RSSI can be modeled as a periodic signal

due to respiration motion, we propose to use the maximum

likelihood estimator (MLE) to estimate the respiration rate [4]:

f̂ = argmax
fmin≤f≤fmax

L∑

l=1

C∑

c=1

∣
∣
∣

i∑

t=i−m+1

yc,l,te
−j2πfTst

∣
∣
∣
2

, (2)

where i is the current time index, j =
√−1, m is the window

length, and Ts is the sampling period. Note that if each

node has M antennas, then we have L = N(N − 1)M2/2
bidirectional links. That is, our MLE formulation is a general

solution to include both space and frequency diversities.

The above MLE solution is essentially an estimate of the

maximum frequency of the power spectral density (PSD) of the

RSSI time series. Here we assume the respiration rate remains

the same when RSSI is measured from L links and C channels.

Thus, the sampling rate of the system needs to be at least twice

as high as the respiration rate. We discuss our prototype system

and sampling rate next.

B. Testbed System

We choose TI CC2531 USB dongle [5], which operates

at 2.4 GHz industrial, scientific and medical (ISM) band, as

our wireless node. We use a basestation and a time division

multiple access (TDMA) network protocol [6] to collect RSSI

from multiple nodes operating on multiple channels. The

network protocol allows users to choose the number of nodes

and the number of channels according to their applications. In

this work, we program four nodes operating on IEEE 802.15.4

Channel 11 to 26. Thus, we have six bidirectional links and

16 channels.

In the protocol, time is divided into three groups: round,

cycle and slot. A slot is the smallest time group during which

a node is broadcasting on a particular frequency channel while

the other nodes are listening the broadcast and measuring the

RSSI between themselves and the broadcasting node. After

one node finishes broadcasting, the next one takes over, and

a cycle is the time that all nodes broadcasts once on a single

frequency channel. After a cycle, nodes will start operating

on the next channel. When all channels are gone through, a

round is complete.

The sampling rate of RSSI from all six links of the network

is 53 Hz on a particular channel, which is two orders of

magnitude greater than the typical adult respiration rate (12

to 20 breath per minute (BPM)). If we use all 16 channels,

the system sampling rate is 3.3 Hz, which is still an order of

magnitude greater than ordinary human respiration rate.

III. EXPERIMENTS AND RESULTS

A. Experiments

We perform human subject experiments at typical indoor en-

vironments. Our experiments include two common scenarios:

a person sitting in a chair and lying on a bed. We call the first

scenario Experiment 1, and the second scenario Experiment

2. For Experiment 1, four wireless nodes powered by battery

packs are placed on desks, as shown in Fig. 2a. The person

sits in a chair and faces different directions in different tests.

For Experiment 2, four nodes are attached to the bed frames,

as shown in Fig. 2b. The LOS of Link 1 passes through

the chest of the person, while the LOS of Link 6 passes

through the person’s legs. The person held different postures
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TABLE I
EXPERIMENT DESCRIPTION.

Experiment Description
Exp. 1.1 face Link 1 in chair, breathe non-stop for two minutes
Exp. 1.2 face Link 6, hold breath for ten seconds
Exp. 1.3 face Link 2, hold breath for ten seconds
Exp. 1.4 face Link 1, hold breath for ten seconds
Exp. 2.1 face upward on bed, breathe non-stop for two minutes
Exp. 2.2 face left, hold breath for ten seconds
Exp. 2.3 face right, hold breath for ten seconds
Exp. 2.4 face upward, hold breath for ten seconds

in different tests. For each test, we ask the human subjects

to wear disposable masks so that we record their respiration

rates using a spirometer as the ground truth. For some tests,

we ask the participant to hold breath for a short time period

in the middle of the test. The description of all eight tests is

listed in Table I.

L = 1

L = 2

L = 3L = 4

L = 5

L = 6

Fig. 3. Experiment layout for Exp 1.2 (person facing Link 6).

Considering human subjects may not breathe constantly

during a two-minute test, we define the following valida-

tion metric to measure the accuracy of the system. We first

calculate the ground truth respiration rate by averaging four

detected breaths from the spirometer data. Then, we find the

corresponding time windows for the RSSI time series. For each

time window, we calculate the respiration rate from RSSI data,

and compare it with the ground truth rate. Finally, we calculate

the mean absolute error in BPM as:

ε = 60
1

R

R∑

r=1

|f̂(r)− f̄ |, (3)

where R is the number of time windows, and f̄ is the ground

truth calculated from the spirometer data - the averaged rate

from four breaths.

B. Experimental Results

Once we have the validation metric, we run our MLE

algorithm to find the peak location of the power spectral

density, as our estimate. Then we use (3) to calculate ε for

all experiments. One PSD example is shown in Fig. 4.

Now we first compare the performance of our multi-link

multi-channel system with the single-channel system. For the

single-channel system, we use RSSI collected from all six

links but only one channel. We list the absolute errors from

the single-channel system together with our system in Table

II (Channels 11, 15, 20 and 26 are shown as examples). Also

listed are the averaged errors across all eight tests and the

Fig. 4. Power spectral density (PSD) of the RSSI time series (peak location
0.2 Hz is our respiration rate estimate).

improvement from our system. We see that the absolute errors

of the single-channel system are much higher than our system

in general. For Exp. 1.1, the absolute errors from the single-

channel system are all above one BPM, while our system

has an error of only 0.36 BPM. We also see that a particular

channel can achieve better performance than our system. (Note

that we do not find any particular channel that achieves the

best performance across all tests.) For example in Exp. 2.1,

if Channel 11 is used, the error is 0.37 BPM, slightly better

than the 0.6 BPM from our system. However, the errors from

our system are all below one BPM, and if we average over

all tests, our system outperforms the single-channel system by

over 60%.

TABLE II
COMPARISON WITH SINGLE CHANNEL SYSTEM (ABSOLUTE ERROR ε IN

BPM).

Channel 11 15 20 26 all
Exp. 1.1 1.44 2.96 3.69 2.37 0.36
Exp. 1.2 1.23 2.02 3.09 1.04 0.39
Exp. 1.3 4.66 2.37 3.07 1.14 0.38
Exp. 1.4 1.20 1.42 2.16 2.97 0.88
Exp. 2.1 0.37 3.82 0.93 0.49 0.60
Exp. 2.2 1.57 7.43 0.39 0.22 0.89
Exp. 2.3 1.41 0.52 0.82 5.80 0.49
Exp. 2.4 2.35 3.00 0.84 0.64 0.54
Average 1.78 2.94 1.87 1.83 0.57

Improvement 68.0% 80.6% 69.5% 68.9% N/A

TABLE III
COMPARISON WITH SINGLE LINK SYSTEM (ABSOLUTE ERROR ε IN BPM).

Link 1 2 3 4 5 all
Exp. 1.1 0.36 11.36 0.39 0.30 7.27 0.36
Exp. 1.2 4.09 0.57 0.57 0.57 7.05 0.39
Exp. 1.3 3.47 0.51 0.52 1.15 1.53 0.38
Exp. 1.4 1.25 1.62 1.15 0.52 1.74 0.88
Exp. 2.1 2.82 8.35 3.65 0.55 2.07 0.60
Exp. 2.2 2.97 1.96 0.91 2.79 10.17 0.89
Exp. 2.3 0.82 0.61 0.86 1.10 0.54 0.49
Exp. 2.4 0.54 5.20 0.40 0.69 5.17 0.54
Average 1.92 3.77 1.06 0.96 4.44 0.57

Improvement 70.3% 84.9% 46.2% 40.6% 87.2% N/A

We also compare the performance of our system with the
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single-link system with all 16 channels. We use one of the six

links for the single-link system, and list the errors in Table III.

We see that the performance of the single-link system highly

varies depending on which link it uses. For example, the

absolute error is 0.55 BPM if Link 4 is used in Exp. 2.1. If

Link 2 is used, the absolute error becomes 8.35 BPM. We also

average the errors over all eight tests for the single-link system.

We see Links 3 and 4 achieve better overall performance than

the other links. The average errors are 1.06 BPM for Link 3,

and 0.96 BPM for Link 4. From Fig. 3, we see that Links 3

and 4 are the diagonal links that cross the monitoring area,

while the other links are peripheral links. Intuitively, if a link

passes through the human body, the RSSI from that link would

be more sensitive to the respiration motion than links far away

from the human body. Note that the average error from our

system is only 0.57 BPM, 40.6% more accurate than the best

of the single-link system.

Fig. 5. Estimate error vs. number of links.

Fig. 6. Estimate error vs. number of Channels.

Finally, we investigate the effects of the number of links

and channels on the system performance. We first use all

channels and test the effect of the number of links, and then

we use all links and see how the number of channels affect

the performance. Take Exp. 1.1 as one example, the plot of

the estimate error vs. the number of links is shown in Fig. 5,

and the plot of the estimate error vs. the number of channels

is shown in Fig. 6. Note that for the same number of links and

channels, we test different combinations of links and channels,

and run our MLE algorithm a thousand times to calculate an

average error and the standard deviation of the errors (shown

as error bars in Fig 5 and Fig. 6). We see that the average

errors are above two BPM if the number of links is less than

five, even if we use all 16 channels. However, if we use all

six links, we only need four channels to decrease the average

error to one BPM. More channels above ten have diminishing

returns.

IV. RELATED WORK

One way of monitoring respiration rate is measuring the

inspiratory airflow, such as a spirometer. The problem is

that users may feel uncomfortable wearing a mouthpiece or

facemask. As a non-invasive way of monitoring respiration

rate, the Doppler radar has been extensively studied to detect

motion due to respiration. For example, researchers at General

Electric have developed an unobtrusive Doppler radar system

that can measure a person’s respiration rate and even heart-

beat rate [7]. The Doppler radar system is modified from a

commercial Doppler motion sensor and is low-cost. However,

it is difficult to detect respiration motion, if the motion is

perpendicular to the radar pulse direction. Recent studies [2],

[3] show that the inhalation and exhalation of respiration cause

periodic changes on the RSSI from wireless communication

devices. However, they are also sensitive to user orientations

and postures. We build upon their work, and use RSSI on

multiple frequency channels and multiple communication links

to robustly estimate the respiration rate of a person with

different orientations and postures.

V. CONCLUSION

We develop a low-cost wireless network system using COTS

radios to monitor a person’s respiration rate. We propose an

MLE solution that uses RSSI measurements from multiple

channels and multiple links. Our proposed method and system

is more robust to user posture and orientation changes. Our

experiments show that it is on average over 40% more accurate

than previous systems.

REFERENCES

[1] M. Folke, L. Cernerud, M. Ekström, and B. Hök, “Critical review of non-
invasive respiratory monitoring in medical care,” Medical and Biological
Engineering and Computing, vol. 41, no. 4, pp. 377–383, 2003.

[2] O. J. Kaltiokallio, H. Yigitler, R. Jäntti, and N. Patwari, “Non-invasive
respiration rate monitoring using a single COTS TX-RX pair,” in Pro-
ceedings of the 13th international symposium on Information processing
in sensor networks. IEEE Press, 2014, pp. 59–70.

[3] N. Patwari, J. Wilson, P. Ananthanarayanan, S. Kasera, and D. Westen-
skow, “Monitoring breathing via signal strength in wireless networks,”
IEEE Transactions on Mobile Computing, vol. 13, no. 8, pp. 1774–1786,
August 2014.

[4] S. M. Kay, Fundamentals of Statistical Signal Processing. New Jersey:
Prentice Hall, 1993.

[5] TI CC2531 website. http://www.ti.com/product/cc2531/description.
[6] M. Bocca, O. Kaltiokallio, N. Patwari, and S. Venkatasubramanian,

“Multiple target tracking with RF sensor networks,” IEEE Transactions
on Mobile Computing, 2013.

[7] C. Graichen, J. Ashe, M. Ganesh, and L. Yu, “Unobtrusive vital signs
monitoring with range-controlled radar,” in IEEE Signal Processing in
Medicine and Biology Symposium (SPMB), 2012.

2016 IEEE International Conference on Consumer Electronics (ICCE)

978-1-4673-8364-6/16/$31.00 ©2016 IEEE477



<<
  /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


