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warm and humidify the inspired air. Likewise it happens in

physiological conditions, these conditioners hold up thermal

power and a part of the water content of the exhaled gases

(which are at about 32◦C, RH=100%), returning them back

through the gas mixture delivered by the ventilator [1], [2]. The

HMEs may also play the important role to prevent microbial

contamination of ventilators circuits. The use of the HMEs

turns out to be convenient also from an economic point of

view; unlike to the active conditioners, they do not require

external sources of energy, they are not bulky and do not

require the aid of specialized personnel. However, because

these are completely passive devices, the HMEs cannot accom-

modate to the surrounding environment conditions, whereas it

happens in the physiological conditioning. Their performances

are potentially affected by environmental temperature [3],

patient’s body temperature and distance from the airways.

Some manufacturers provide values of water loss of the HME

according to the International Organization for Standardization

(ISO) standard 9360 -2: 2001, but this specification is not

easily applicable in the clinical setting. Moreover, a minority

of the HMEs available was analyzed in- vivo and only few

studies are reported for ex-vivo analyses [4], [5]. Additionally,

in ex-vivo studies, the values of water loss are not easily

and intuitively translated into clinical benefits. Clinicians are

expected to use these measurements to identify the correlations

between clinical problematics and HME performances. To

facilitate the clinical analysis, the change in performance

should be analyzed by measurements in-vivo during the HME

operation. However, intra-tracheal moisture measurements are

technically complex. In the literature, different studies pro-

pose to sample the air from the trachea and to analyze

this sample with an external humidity sensor [6]. In this

procedure, it is necessary to pay close attention to prevent

loss of water vapors due to condensation in the tube. On

the other hand, the requirements for in-vivo monitoring are

challenging. One critical aspect is the fast response in the

humidity measurements. Fast humidity measurement systems

for human breath are reported in the literature; these systems

can regard relative [7] or absolute humidity methods [8]. In

[9], a method for measuring temperature and humidity within

the nasal cavity is proposed. Authors presented the sensor

and a general idea of the dew point temperature measurement
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Abstract—Artificial ventilators are commonly used with Pas-
sive Heat-Moisture Exchangers (HME) to warm and humidify the 
inspired air in order to ensure a proper conditioning of inspired 
gases to the artificially ventilated patients. However, different 
aspects potentially affect their performances and this change in 
performance should be analyzed in-vivo during HME operation. 
In this paper, a wireless measurement system is proposed for the 
monitoring of air temperature and humidity in-vivo. The system 
is composed by a measuring device connected to the ventilating 
tube near the HME and a reading device connected to a Personal 
Computer (PC). Each device integrates a wireless transmission 
via low- power Bluetooth module that allows limiting power 
consumption. For the measuring device, the calculated power 
consumption when all the on-board components are working is 
about 15 mA, permitting a continuous monitoring for about 5 
days and 16 hours with a rechargeable Li-Ion battery of 2050 
mAh. A first prototype was manufactured and tested in the 
laboratory. Then, this prototype was tested with a setup specially 
developed to simulate human breath. The tests were conduced 
changing the respiratory rate and minute volume. Preliminary 
results are reported showing interesting aspects, such as the 
warm-up time of the HME. Furthermore, the results shows a 
direct dependence of humidity loss on frequency-volume ratio 
requiring future investigations. Clinicians are expected to use 
this system in-vivo to identify the correlations between clinical 
issues and HME performances.

I. INTRODUCTION

Artificial ventilators are usually used to assist or replace

spontaneous breathing mechanically. Typically an endotracheal

tube connected to an artificial ventilator is inserted into the tra-

chea in order to provide air to the lungs. In these con- ditions,

inhaled air is no longer conditioned in the upper airways by

human tissue. Therefore, relatively cold and dry gases entering

the trachea may cause different problems, such as frequent

coughing and excessive/thickened mucus production. During

surgery, but also in Intensive Care, inspired air is usually

humidified. Medical and engineering research in this area

has proposed several instruments in order to ensure a proper

conditioning of inspired gases to the artificially ventilated

patients. These instruments are grouped in three categories,

according to their nature: active heaters-humidifiers; passive

heaters-humidifiers; mixed heaters-humidifiers. The passive

heater-humidifiers are usually called Heat and Moisture Ex-

changer (HME). They are considered passive conditioners

because they do not require an external power supply to
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system, but we do not found the realized instrument. Different

other systems and methods are reported in the literature for

similar applications [10], [11]. However, several aspects are

not completely covered, such as long monitoring, wireless

transmission, low-power consumption and user-friendly in-

terface. Nowadays, there are no commercial devices fitting

these monitoring requirements. Our aim is to develop such

a measurement system for monitoring the HME performance

in-vivo. In this research project, we designed a user-friendly

low-power wireless system that can measure air temperature

and humidity for in-vivo HME performance evaluation. The

measurement system is placed on the tracheal tube, closer

to the HME and, therefore, closer to the patient’s mouth. In

this application, a wireless transmission is preferred instead

of a cabled solution for safety reasons. Critically ill patients

can be agitated because of delirium, a common complication

affecting up to 70% of patients, pain due to surgical procedures

or trauma and other conditions [12]. In such cases, sudden

movements can cause a traction on the connecting cables.

This traction could damage the device and, more importantly,

the ventilation circuit and the tracheal tube causing serious

adverse events. A wireless system leaves much more freedom

of movement to the patient and the operator, reducing the risk

of tracheal tube removal or its dislocation into the right main

bronchus. The system can immediately show to the clinicians

the status of the airflow sent to the patient permitting to

identify unwanted situations and/or a deterioration of the HME

conditions. A first prototype has been manufactured and tested

in the laboratory. Furthermore, the developed prototype was

tested with a setup specially developed to simulate human

breath. Preliminary experimental results demonstrate that the

proposed system could be a starting point for in-vivo long

monitoring of HME performance.

II. SYSTEM DESIGN

The measurement system topology is shown in Fig. 1. There

Fig. 1. Schematic system representation

are two main sections, called Measuring Section and Reading
Section. The first is the core of the project, it executes the

main operations: reads the sensors, builds the data block and

manages the Bluetooth Low Energy (BLE) connection; this

is also subdivided in two parts: machine side and patient

side. Project specifications require two different measurement

points, before and after the HME filter. Before the HME

(machine side) temperature and humidity are measured, after

that (patient side) only temperature. The Reading Section reads

the data sent by Measuring Section and it provides to the user

an easy-to-understand set of data.

A. Measuring Section

Fig. 2. Block diagram of the measuring section

The block diagram of the measuring section is reported in

Fig. 2. It is divided in five subsections:

• Sensors: it contains two temperature sensors (Pt1000) and

a humidity sensor (P14 FemtoCap). The two temperature

sensors are classical thermistors suitable for accuracy and

small dimensions; the humidity sensor P14 is chosen

because it is a fast response sensors, the data-sheet

reports a recover-speed from 50 %RH to 0%RH in 3

seconds; P14 returns relative humidity value which must

be converted in absolute humidity.

• Conditioning Circuit Section: is based on two different

integrated circuits, one for the temperature (MAX31865)

and one for the humidity (ZSSC3123). MAX31865 (by

Maxim) is an easy-to-use resistance to digital converter,

optimized for platinum resistance temperature detectors.

ZSSC3123 (by ZMDI) is an accurate capacitance-to-

digital converter. An integrated circuit (IC) solution has

been chosen for small dimensions.

• Elaboration: for managing the whole board a PIC24

microcontroller unit (MCU) (by Microchip) has been

chosen.

• Communication: a BLE integrated transceiver with an

on-board antenna has been implemented for low-power

characteristics. The Bluetooth module is RN4020 com-

mercialized by Microchip.

• Power management: this section contains a Li-Ion battery

pack, with its own charger BQ24251 (by TI) which

integrates a power path management; after that, to ensure



the correct voltage to the components on the board, there

is a Low DropOut (LDO) voltage regulator, TPS7133 (by

TI), assuring a reference voltage of 3.3 V. The BQ24251

integrates a Universal Serial Bus (USB) compliant inter-

face. It detects which device is supplying the power and

automatically scales its own drawn current.

The implemented firmware in the MCU is a non-ending loop

designed to read the signals from sensors and to transmit the

data every 250 ms. This interval could be reduced up to 60

ms.

There is also a fault detection procedure, which tells the

operator if everything is OK or, if something is gone wrong

and from where the error comes. The role of this section is to

retrieve data from the sensors and to send a periodic update

to the Reading Section. The transmitted data are raw; hence,

conversions are made by Reading Section, because usually

there are no practical limitations in the computing power of a

PC (Personal Computer) or a mobile/tablet. The circuit board

was manufactured in Printed Circuit Board (PCB) technology,

and its dimensions are 92.5 x 77 mm.

Fig. 3. Picture of the manufactured measuring section

B. Reading Section

Reading Section permits to receive measurement points by

a BLE, and then to send all the data to the PC. The use

of a BLE communication makes Measuring Section virtually

discoverable and readable by every new generation smart-

phone or tablet with BLE compliant hardware. In the world

of laptops and desktop computers, BLE is not as widespread

as in the mobile, this means an absence in the Operating

System (OS) Application Programming Interface (API) for

handling this kind of devices. Therefore, in this preliminary

prototype, we used LabVIEW in association with a specific

manufactured module. This module is required because also

LabVIEW founds its functionalities on the APIs of the OS,

so it is necessary to pass through an adapter. This module

translates the Universal Serial Bus (USB) serial bus to a

Transistor-Transistor Logic (TTL) compatible Universal Asyn-

chronous Receiver-Transmitter (UART) protocol, and then it is

connected to the BLE. The LabVIEW VI (Virtual Instrument)

is shown in Fig. 4. The schematic of the adapter is represented

in Fig. 5, and the manufactured board is reported in Fig. 6. Its

dimensions are as quite as possible similar to a standard USB

pen drive. As introduced before, this section converts the raw

data to temperature and humidity measurement values. The

Fig. 4. LabVIEW measure monitor: (1) BT Manufacturer, (2) BT Device,
(3) Signal Strength in dBm, (4) Board Status: green LEDs if OK, red LEDs
if a fault is present, (5) Fault Log: a verbose description of the Fault Type
and history, (6) Battery Level, (7) Measures: in this panel are represented, on
a temporal chart and on a digital meter, absolute humidity and temperatures,
(8) BLE connection status, (9) VI main stop, (10) Saving path of the measure
file

Fig. 5. USB-to-BLE module schematic

Fig. 6. Picture of the manufactured USB-to-BLE module

conversion of temperature values is performed as explained by

MAX31865 data-sheet. For the absolute humidity value two

steps are required in order to convert P14 capacitance raw data

to %RH, and then, using temperature values, to an absolute

humidity value evaluated by mg/l. The adopted conversion

formulas are reported in [13].

III. LABORATORY TESTS

The overall system was tested in a climatic chamber (Perani

UC 150/70) comparing its output data with the measurements

from two reference sensors, linked to two digital multimeters

(Tektronix DM2510G); these multimeters are connected to a

PC by a General Purpose Interface Bus (GPIB), IEEE 488.



The whole measurement procedure is controlled by an own-

written LabVIEW VI. This setup is shown in Fig. 7. The two

Fig. 7. Preliminary tests setup

reference sensors are a Pt100 for temperature measurements

and a HIH3610 (commercialized by Honeywell) for humidity

measurements. The LabVIEW VI software is structured to

send a data request to each multimeter every time it receives

new data from the system. Initially, temperature was changed

maintaining humidity inside the climate chamber constant, and

then humidity was changed maintaining a constant tempera-

ture. Each test has a duration of about 35 minutes. In the

literature [14]–[17], Authors agree that the inhaled air should,

for the purpose of a proper conditioning, leave the conditioner

at a temperature of about 30-32 ◦C, with an absolute humidity

of about 30-33 mg/l. The term ”conditioning” refers to the

process of ensuring proper body homeostasis through the

humidification and warming of inspired gases. Therefore, in

the experimental test, we used a temperature range with a

central point at 30◦C and a span of ±20 ◦C. Preliminary

experimental results are shown in Fig. 8 and 9.

Fig. 8. Laboratory test of machine side temperature

These figures show an inherent hysteresis of the temperature

sensors starting from 30 ◦C. The least square approximation

reports these equations:

PTT = 1.035 · (REFT )− 1.74 (1)

MCT = 1.006 · (REFT )− 0.64 (2)

Fig. 9. Laboratory test of patient side temperature

Where PTT is the patient side temperature and MCT is the

machine side’s. The data retrieved let us estimate linearity,

hysteresis, the coefficient of determination (R2) of the sensors

and the average deviation from the reference, reported in

Table I. The same data analysis was done for the humidity

measurements (Fig. 10); the parameters reported in Table I

were calculated also for humidity measurements. P14 least

square approximation equation is:

RHP14 = 0.943 ·RHHIH + 0.97 (3)

Fig. 10. Laboratory test of machine side relative humidity

Table I
LABORATORY MEASURED SENSORS CHARACTERISTICS

PT Side Pt1000 MC Side Pt1000 MC Side P14

Linearity −3.01◦C −3.39◦C 4.66%RH

Hysteresis [%FSO] 4.15 6.47 3.6

R2 0.9940 0.9891 0.9338

ΔT [◦C] ≈ ±0.54 ≈ ±0.44 –

Δ%RH – – ≈ ±1.62

IV. CLINICAL TESTS

Preliminary clinic tests were executed using a respiratory

circuit with inhalation and exhalation branches, an interposed

plastic balloon simulating the lungs and a mechanical venti-

lator allowing the possibility to modify the respiratory rate

and volume. The volume of inhaled and exhaled gas with



each respiratory cycle is defined as the tidal volume. The

total volume in the respiratory cycle per minute is the minute

volume, which is influenced by both the respiratory rate and

the tidal volume. The schematic diagram of the test equipment

is depicted in Fig. 11. The laboratory tests were conduced

Fig. 11. Test Equipment:(A) Mechanical ventilator, (B) the system under test,
(C) HME filter, (D) Oven and air humidifier, it conditions the air as the lungs
does,(E) a lungs simulator; it is a plastic balloon which simulate the lungs
elastic air emission by relaxation

in a safe environment, only using mechanical simulators

and machines; these tests emulate breathing acts. They are

composed by two different phases:

• inhalation: air flows from the mechanical ventilator

through the sensors, the HME and an oven/humidifier,

inflating the balloon which acts as lungs simulator;

• exhalation: air gets back to the mechanical ventilator by

elastic relaxation of the balloon, with temperature and

humidity according to physiological levels of the human

breath.

The system has been tested with a new HME filter trying

to highlight the warm-up time. The test was conducted, as

described before, changing respiratory rate and minute volume,

starting from a respiratory rate of 10 with a minute volume

of 15 l/min, ending with a respiratory rate of 30 and a minute

volume of 45 l/min and vice-versa, for four times. A detail of

the test at a respiratory rate of 10 with a minute volume of 15

l/min is shown in Fig. 12. Observing the temperature curve

of the patient side, the two phases (inhalation and exhalation)

are clearly shown.
These tests were done aiming at monitoring the amount of

water vapor loss by the HME filter and the difference between

temperature from patient and machine side. Depicted in Fig.

13, an increasing in the absolute humidity with an increasing

in respiratory rate and minute volume is shown. Furthermore,

absolute humidity drift at every test round is evident. This

denotes a sort of hysteresis of the filter during its warm-

up time. Also for the temperature, the behavior of the filter

Fig. 12. Detail of a test with a respiratory rate of 10 act/min and a minute
volume of 15 l/min.

Fig. 13. Absolute humidity calculated with the proposed system for different
respiratory rates and minute volumes.

differs from the beginning to the steady state. The machine

side temperature has remained for the whole test into the range

of 27.65 - 29.15 ◦C, as shown in Fig. 14. The ΔT between the

two sides grows up to a difference of about 7 ◦C, and then it

remains more or less constant. These preliminary results show

a direct dependence of the absolute humidity with respiration

rate and minute volume and the necessity of a certain amount

of time to permit to the HME filter to maintain the correct

temperature (around 36 ◦C) of the patient side airflow. These

aspects will require future investigations.

Fig. 14. ΔT between machine side and patient side for different respiratory
rates and minute volumes.

V. CONCLUSION

A preliminary measurement system for in-vivo monitoring

of HME performance was developed. This system can measure



air temperature and humidity transmitting the data wirelessly

to a reading unit connected to a PC. A Bluetooth low-energy

module permits low-power consumption assuring long-time

monitoring. A specific virtual instrument interface was devel-

oped permitting user-friendly operations. Tests was conducted

in the laboratory to analyze the behavior of the sensors

and comparing the output data with two reference sensors.

Furthermore, the developed prototype was tested with a setup

specially developed to simulate human artificial ventilation as

it is currently used in Anesthesia and Intensive Care. The

preliminary results permitted to calculate the warm-up time of

the HME. In addition, the results showed a direct dependence

of the absolute humidity with respiration rate and minute

volume requiring future investigations. Future studies should

evaluate the proposed system in-vivo to identify changes in

HME performances and possible correlations with clinically

relevant outcome measures, helping in the prevention of lung

diseases induced by inadequate humidification of inhaled gases

during mechanical ventilation.

REFERENCES

[1] Mapleson WW Morgan JG Hillard EK. Assessment of condenser-
humidifers with special reference to a multiplegauze model. Br Med
J, 1963.

[2] Ogino M. Kopotic R. Mannino FL. Moisture-conserving efficiency of
condenser humidifiers. Anaesthesia, 1985.

[3] Croci M. Solca M. Performance of a hydrophobic heat and moisture
exchanger at different ambient temperatures. Int Care Med, 1993.

[4] Cindy van den Boer, Sara H Muller, Andrew D Vincent, Michiel Wm
van den Brekel, and Frans Jm Hilgers. Ex Vivo Assessment and
Validation of Water Exchange Performance of 23 Heat and Moisture Ex-
changers for Laryngectomized Patients. Respiratory care, 59(C):1161–
1171, 2013.

[5] Van Den Boer and Van Den Brekel. Comparative ex vivo study on
humidifying function of three speaking valves with integrated heat and
moisture exchanger for tracheotomised patients. pages 616–621, 2015.

[6] J. K. Zuur, S. H. Muller, F. H C de Jongh, M. J. van der Horst, M. She-
hata, J. van Leeuwen, M. Sinaasappel, and F. J M Hilgers. A newly
developed tool for intra-tracheal temperature and humidity assessment
in laryngectomized individuals: The Airway Climate Explorer (ACE).
Medical and Biological Engineering and Computing, 45:737–745, 2007.

[7] Angie Tetelin, Vincent Pouget, Jean Luc Lachaud, and Claude Pellet.
Dynamic behavior of a chemical sensor for humidity level measurement
in human breath. IEEE Transactions on Instrumentation and Measure-
ment, 53(4):1262–1267, 2004.

[8] Daniel Paczesny, Jerzy Weremczuk, Ryszard Jachowicz, Piotr Rapiejko,
and Dariusz Jurkiewicz. The Dynamic Measurements of Absolute
Humidity in Nasal Cavity During Respiration. pages 4–7, 2007.

[9] T. Evangelia, K. Vasileios, L. Richard, R. Gerhard, and L. Joerg.
Temperature and humidity measurements in nasal cavity. 2009 IEEE
International Workshop on Medical Measurements and Applications,
pages 69–72, 2009.

[10] Wen-he Zhou, Liang-cheng Wang, and Liang-bi Wang. A Method
to Measure the Dynamic Characteristics of Microhumidity Sensors.
63(12):2993–3001, 2014.

[11] E Schena, P Saccomandi, M Giorgino, and S Silvestri. Measurement of
condensed water mass during mechanical ventilation with Heated Wire
Humidifiers : experiments with and without pre-warming. 36th Annual
International Conference of the IEEE Engineering in Medicince and
Biology Society, pages 2135–2138, 2014.

[12] Michael C; Reade and S Finfer. Sedation and Delirium in the Intensive
Care Unit. New England Journal of Medicine, 370(5):444–454, 2014.

[13] Vaisala. HUMIDITY CONVERSION FORMULAS - Calculation for-
mulas for humidity. page 16, 2013.

[14] Shelly MP Lloyd GM Park GR. A review of the mechanisms and
methods of humidification of inspired gases. Intensive Care Med, 1988.

[15] J.L. Gross G.R. Park. Humidification of inspired gases during mechan-
ical ventilation. Minerva Medica, 2012.

[16] Branson RD. Humidification of respired gases during mechanical
ventilation: mechanical considerations. Respir Care Clin N Am., 2006.

[17] Branson RD Campbell RS. Humidification in the intensive care unit.
Respir Care Clin N Am., 1998.



<<
  /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


