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Abstract: A 2-channel embedded infrared fiber-optic temperature sensor was fabricated
using two identical silver halide optical fibers for accurate thermometry without
complicated calibration processes. In this study, we measured the output voltages of signal
and reference probes according to temperature variation over a temperature range from
25 to 225 °C. To decide the temperature of the water, the difference between the amounts
of infrared radiation emitted from the two temperature sensing probes was measured. The
response time and the reproducibility of the fiber-optic temperature sensor were also
obtained. Thermometry with the proposed sensor is immune to changes if parameters such
as offset voltage, ambient temperature, and emissivity of any warm object. In particular,
the temperature sensing probe with silver halide optical fibers can withstand a high
temperature/pressure and water-chemistry environment. It is expected that the proposed
sensor can be further developed to accurately monitor temperature in harsh environments.
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1. Introduction

Thermocouples and resistance temperature detectors (RTDs) are widely used to measure
temperature in industrial settings. However, there are difficulties in accurately measuring temperature
in harsh environments using existing electrical sensors due to contamination or corrosion of the
sensing probe and high electromagnetic interference (EMI) or radiofrequency interference (RFI).

Alternatively, optical fiber-based sensors may be used to measure physical properties including
temperature. These sensors offer many advantages over conventional electrical sensors, including
small size, good flexibility, remote operation, immunity to EMI or RFI, and resistance to harsh
environments [1-3]. A number of optical thermometry methods using optical fibers have been
developed, and it has been reported that fiber-optic sensors can measure temperature using infrared
(IR) optical fibers [4-8], fiber Bragg gratings (FBGs) [9-11], or special materials that change some
physical characteristic such as color, absorbance, and reflectance in accordance with temperature
variation [12-15].

One of the simplest methods is IR radiometry using an IR optical fiber that can perform as a sensing
material and an IR waveguide at the same time. Generally, it is possible to determine the temperature
of any warm object by measuring the emitted blackbody radiation [16,17]. The operating principle of a
radiometer using IR optical fiber is based on the relationship between the surface temperature of a heat
source and the quality and the quantity of IR radiation [8,18].

According to blackbody radiation theory [19], total radiant exitance or emitted intensity (/) from a
blackbody source at absolute temperature (7) is the integral over all wavelengths (4):

0 2
I= fo As[ei:/i;;_l] dA (1)
where 4 is the Planck’s constant (h = 6.67 x 107" I's), ¢ is the speed of light in vacuum
(c =3 x 10® m/s) and k is the Boltzmann constant, that is 1.38 x 10* [J/K]. Equation (1) can be
interpreted as the area under the spectral exitance curves for a given temperature, as shown in Figure 1.

The intensity of emitted IR radiation depends on the temperature of the heat source, as delineated in
Equation (2), called the Stefan-Boltzmann law [6,8,17,19]:

I = &0, T* [W/cm?] (2)

where ¢ is the emissivity of the heat source (0 < ¢ < 1) and o, is the Stefan-Boltzmann constant for
radiant exitance, that is, 5.67 x 1072 W/(cm®K*). The wavelength of peak exitance (Lnq) is related to
the temperature of the heat source by the Wien displacement law, as also shown in Figure 1.
The decrease in the wavelength of peak exitance as the temperature increases can be quantified by
Equation (3) [19]:

Amax T = 2897.8 [um - K] 3)
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Figure 1. Relationship between the spectral exitance and the wavelength for various
temperatures of a blackbody source.
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In this case, however, classical radiometers based on the blackbody radiation theory can only
measure the surface temperature of a heat source in spite of their biggest advantages, such as non-contact
measurement and excellent sensitivity to temperature difference. In addition, the output signal of the
radiometer is influenced by the emissivity variation in accordance with the surface conditions of the
heat source. The blackbody temperature that gives the same exitance as that of the measured intensity
(Imeas) 1s the radiation temperature. The blackbody temperature or the true temperature (7) can be
calculated from the radiation temperature (7z) using Equation (2) if the measured heat source is a
graybody whose emissivity is known. The corresponding mathematical expressions are as follows [19]:

Ieas = €0T* = oT# 4)
T =¢e V4T, 5)

Normally, the radiation temperature is lower than the true temperature because the area under the
spectral exitance curve is smaller. Therefore, it is necessary to develop a new concept for IR
fiber-optic temperature sensors that can circumvent emissivity effects of the measured heat source and
are independent of ambient temperature variation.

In this study, a 2-channel embedded IR fiber-optic temperature sensor was fabricated using two
identical IR optical fibers for accurate thermometry without complicated calibration processes.
Thermometry with the proposed fiber-optic sensor is immune to any changes of physical conditions
and emissivity of a heat source. In addition, the proposed sensor can be directly embedded in a high
temperature/pressure and water-chemistry environment, and can measure inner temperatures in real
time. In order to accurately measure temperature, we measured the differences between the amounts of
IR radiation emitted from two temperature sensing probes according to the temperature variation.
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2. Materials and Experimental Setup

In fiber-optic thermometer applications, a chalcogenide optical fiber and a silver halide optical fiber
are generally used as a representative IR waveguide [16,17]. A chalcogenide optical fiber, which can
transmit light in the 1 to 6 um range, has lower attenuation losses. In addition, a chalcogenide IR fiber
based on binary glass arsenic trisulfide (As;S;) is non-hygroscopic and it shows excellent
transmittance from 1.5 up to 6 um, but on the other hand chalcogenide optical fibers are toxic and
fragile, and their melting point is lower than 245 °C, therefore, a chalcogenide optical fiber is barely
suitable for thermometry in high temperature/pressure and water-chemistry environments. In the case
of a silver halide optical fiber based on silver bromide chloride (AgBrCl) polycrystalline material,
temperature measurement is possible over a large temperature range because it is available for the
transmission of mid-IR from 3 to 16 pm and its melting point is about 412 °C. Additionally, it has been
reported that silver halide optical fiber is flexible, water-insoluble, and non-toxic [6].

As IR optical fiber, a silver halide optical fiber (JT Ingram, PIR 900/1000) was selected for this
study. The outer diameter of this optical fiber is 1.0 mm, and the cladding thickness is 0.05 mm. The
refractive indices of the core and the cladding are 2.15 and 2.13, respectively, and the numerical
aperture (NA) is 0.25. This polycrystalline IR optical fiber is produced with pure AgCl:AgBr solid
solution crystals in a core/clad structure, and the jacket is made of polyether ether ketone (PEEK). The
silver halide optical fiber is transparent over a wide spectral range ranging from 4 to 18 um, as shown
in Figure 2, and the attenuation is less than 500 dB/km in a wavelength range from 9 to 14 pum [4].
This fiber is very flexible and durable over a temperature range from —200 to 250 °C, and its melting
point is 415 °C.

Figure 2. Transmission rates of a silver halide optical fiber.
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Figure 3 illustrates the structure of the temperature sensing probe, which is composed of a cap (1),
a tube (2), a silver halide optical fiber (3), and an IR emitting material (4). The cap and the tube are
made of stainless steel to protect the silver halide optical fiber from the water-chemistry and harsh
environment. For accurate thermometry and to circumvent any emissivity effects of the measured heat
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source the temperature sensing probes were divided into a signal probe (CH-1) and a reference probe
(CH-2). The inner part of the cap of the signal probe was coated with high emissivity (&signal = 1) black
paint as an IR emitting material, while that of the reference probe was covered with a low emissivity
polished stainless steel cap (€ reference = 0.1) [19]. The black paint (Motip Dupli, Dupli-color
Supertherm), which is similar to a blackbody, has a rough surface and a high IR emissivity compared
with the polished stainless steel. In addition, it is highly temperature-resistant up to 800 °C. The
temperature of a heat source is determined by measuring the difference in intensity of the IR radiations
emitted from the two kinds of materials in the caps. Therefore, the IR intensity difference (Al) is a
function of the temperature of two probes, as delineated in Equation (6):

Al =1, signal — Ireforence = (8signal - Sreference) O'eT4 (6)
Figure 3. Structure of the temperature sensing probe.
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Figure 4 shows the experimental setup employed for temperature measurements using the embedded
IR fiber-optic sensor. The signal and reference probes and a K-type thermocouple (Fluke, 54II
thermometer) were placed in an oil bath (Samheung Energy, SH-OILWB10) with a temperature
uniformity of + 0.5 °C and an autoclave of a high temperature/pressure test loop (UTO Engineering,
HT/HP Loop System), which is a secondary system simulation of a nuclear power plant.

Each probe is connected to a 2-channel thermopile-amplifier system, which is composed of two
identical thermopiles (Perkin Elmer, A2TPMI3340AA060) and an amplifier system. The thermopile
can measure IR radiation at room temperature without cooling, and its sensing range is from 2
to 22 um, as shown in Figure 5. This sensor has +1.5 K accuracy at the calibration point when the
ambient temperature is 25 + 1 °C, and the emissivity and the surface temperature of heat source are
about 99% and 60 + 0.3 °C, respectively.
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Figure 4. Experimental setup for measuring the temperature of the water using the
embedded IR fiber-optic sensor.
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Figure 5. Transmission rates of an IR filter on the thermopile sensor.
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The IR radiation emitted from the two temperature sensing probes according to the temperature
variation of the water is guided by the silver halide optical fibers to the 2-channel thermopile sensor.
The IR signals are converted to electric signals by the thermopile sensor, and they are then pre-amplified
by a programmable chopper-amplifier system. The output signals from the thermopile-amplifier
system are transmitted to a data acquisition board (National Instruments, NI USB-6259) and a laptop
running LabVIEW (National Instruments). The temperature of the water is controlled and monitored
with the temperature controllers in the oil bath or the autoclave. The temperature of the water is
determined by measuring the intensity difference between the IR radiation emitted from the two types
of IR emitting materials in the caps of the signal and the reference probes. We measured these
differences through repeated and random experiments.
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3. Results

To calibrate the thermopile, each channel response of the 2-channel thermopile sensor was
measured using the same reference probes in the oil bath. Figure 6 shows the output voltages of two
channel thermopiles versus the temperature of the water, which was measured using a thermocouple as
a function of the IR signal. It can be seen that there is a linear dependence between the IR signal and
the water temperature, and the mathematical forms of the best fit lines are also presented in Figure 6.
Although the gains and the offset voltages of each channel were similar, the two channels were
corrected to be equal with a calibration procedure based on the LabVIEW program to measure the
temperature accurately.

Figure 6. Response measurements of the 2-channel thermopile sensor using the same
reference probes for calibration.
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Figure 7 shows the output voltages of the embedded IR fiber-optic temperature sensor using the
signal and the reference probes according to the temperature variation of the water in the oil bath and
the autoclave. The responses of the two channels are dependent on the IR emissivity of each probe.
The gradient of CH-1 is steeper than that of CH-2, and the output voltages of CH-1 are higher than
those of CH-2 because the emissivity of the signal probe is higher than that of the reference probe.
Generally, in radiation thermometry is not easy to measure the temperature for materials which have a
low emissivity since they do not emit enough IR radiation, as shown in Figure 7. However, these
materials can be used to provide a reference signal because the IR radiations emitted from them do not
change much with temperature variations in comparison with those of the materials having high
emissivity.
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Figure 7. Response of each channel of the embedded IR fiber-optic temperature sensor

according to the temperature variation of the water.
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Figure 8 describes the relationship between the temperature of the water and the difference in the IR

signal between the two channels. The difference between two IR signals increased as the temperature

of the water increased because the difference in the output voltage between CH-1 and CH-2 gradually

increased according to the temperature of the water. The mathematical form of the best fit line to

the curve is also presented in Figure 8. In particular, Figures 7 and 8 show that the embedded IR

fiber-optic sensor is able to monitor the contact temperature and withstand in conditions of a high

temperature/pressure and water-chemistry environment.

Figure 8. Relationship between the temperature of the water and the difference in IR

signals between CH-1 and CH-2.
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Figure 9 shows the real-time monitoring of the embedded IR fiber-optic temperature sensor to
measure response time and reproducibility. In this test, a response time of less than 50 second was
measured at a temperature range between 26 + 0.5 and 90 + 0.5 °C and the sensing time per degree
Celsius could be calculated as 0.78 s/°C. In addition, the proposed temperature sensor also has good
reversibility and reproducibility with a percentage standard deviation of 0.587% at 90 = 0.5 °C, as
shown in the figure.

Figure 9. Response time and reproducibility of the embedded IR fiber-optic sensor.
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4. Conclusions

We have developed an embedded IR fiber-optic temperature sensor using two identical silver halide
optical fibers. Induced IR radiation emitted from two temperature sensing probes was measured using
a 2-channel thermopile-amplifier system. The relationship between the temperature of the water and
the difference in IR signals was also determined. The difference in the amounts of IR signals can be
expressed as a function of the temperature of two probes. Therefore, temperature can be measured by
monitoring the difference between the IR signals of the two temperature sensing probes.

In this study, we demonstrate that temperature can be determined according to the difference
between the amounts of emitted IR radiation from the caps of individual probes. This approach
makes it possible to circumvent the emissivity effect of the measured surface of the heat source.
Especially, the temperature sensing probe with silver halide optical fibers could withstand a high
temperature/pressure and water-chemistry environment. Therefore, thermometry with the proposed
sensor can have a high signal-to-noise ratio (SNR), and is immune to variation of parameters such as
offset voltage, ambient temperature, and the emissivity and physical conditions of any warm object.
Based on the results of this study, it is expected that a 2-channel IR fiber-optic temperature sensor can

be developed to accurately monitor temperature in harsh environments.



Sensors 2011, 11 9558

Acknowledgments

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the
Korea government (MEST) (No. 20100029812, and No. 20110006337).

References

1. Wang, A.; Xiao, H.; Wang, J.; Zaho, W.; May, R.G. Self-calibrated interferometric
intensity-based optical fiber sensors. J. Lightwave Technol. 2001, 19, 1495-1501.

. Lee, B. Review of the present status of optical fiber sensors. Opt. Fiber Technol. 2003, 9, 57-59.

3. Garcia Moreda, F.J.; Arregui, F.J.; Achaerandio, M.; Matias, .LR. Study of indicators for the
development of fluorescence based optical fiber temperature sensors. Sens. Actuat. B 2006, 118,
425-432.

4. Yoo, W.J.; Cho, D.H.; Jang, K.W.; Shin, S.H.; Seo, J.K.; Chung, S.-C.; Lee, B.; Park, B.G.;
Moon, J.H.; Cho, Y.-H.; Kim, S. Infrared radiation thermometer using a silver halide optical fiber
for thermal ablation. Opt. Rev. 2009, 16, 386-390.

5. Sade, S.; Katzir, A. Spectral emissivity and temperature measurements of selective bodies using
multiband fiber-optic radiometry. J. Appl. Phys. 2004, 96, 3507-3513.

6. Sade, S.; Katzir, A. Fiberoptic infrared radiometer for real time in situ thermometry inside an MRI
system. Magn. Reson. Imag. 2001, 19, 287-290.

7. Eyal, O.; Scharf, V.; Katzir, A. Temperature measurements using pulsed photothermal radiometry
and silver halide infrared optical fibers. Appl. Phys. Lett. 1997, 70, 1509-1511.

8. Katzir, A.; Bowman, H.F.; Asfour, Y.; Zur, A.; Valeri, C.R. Infrared fibers for radiometer
thermometry in hypothermia and hyperthermia treatment. /[EEE Trans. Biomed. Eng. 1989, 36,
634-637.

9. Sakata, H.; Ito, H. Optical fiber temperature sensor using a pair of nonidentical long-period fiber
gratings for intensity-based sensing. Opt. Commun. 2007, 280, 87-90.

10. Fernandez-Valdivielso, C.; Matias, I.R.; Arregui, F.J. Simultaneous measurement of strain and
temperature using a fiber Bragg grating and a thermochromic material. Sens. Actuat. A 2002, 101,
107-116.

11. Zhao, C.-L.; Demokan, M.S.; Jin, W.; Xiao, L. A cheap and pratical FBG temperature sensor
utilizing a long-period grating in a photonic crystal fiber. Opt. Commun. 2007, 276, 242-245.

12. Lee, B.; Cho, D.H.; Tack, G.-R.; Chung, S.-C.; Yi, J.H.; Jun, J.H.; Son, S.; Cho, S. Feasibility
study of development of plastic optical fiber temperature sensor using thermosensitive clouding
material. Jpn. J. Appl. Phys. 2006, 45, 4234-4236.

13. Lee, B.; Tack, G.-R.; Chung, S.-C.; Yi, J.H. Fiber-optic temperature sensor using a liquid crystal
film for laser-induced interstitial thermotherapy. J. Kor. Phys. Soc. 2005, 46, 1347-1351.

14. Fernandez-Valdivielso, C.; Egozkue, E.; Matias, I.R.; Arregui, F.J.; Bariain, C. Experimental
study of a thermochromic material based optical fiber sensor for monitoring the temperature of the
water in several applications. Sens. Actuat. B 2003, 91, 231-240.

15. Dybko, A.; Wroblewski, W.; Rozniecka, E.; Maciejewski, J.; Brzozka, Z. Comparison of
two thermochromic solutions for fibre optic temperature probes. Sens. Actuat. A 1999, 76, 203-207.



Sensors 2011, 11 9559

16. Harrington, J.A. Infrared Fibers and Their Applications; SPIE Press: Bellingham, WA, USA,
2004; pp. 218-223.

17. Saito, M.; Kikuchi, K. Infrared optical fiber sensors. Opt. Rev. 1997, 4, 527-538.

18. Miyashita, T.; Manabe, T. Infrared optical fibers. IEEE J. Quant. Electron. 1982, QE-18, 1432-1450.

19. Dereniak, E.L.; Boreman, G.D. Infrared Detectors and Systems; Wiley-Interscience: New York,
NY, USA, 1996; pp. 55-79.

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AharoniBold
    /Algerian
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Basemic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /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
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /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
    /Castellar
    /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
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /DejaVuSans
    /DejaVuSans-Bold
    /DejaVuSans-BoldOblique
    /DejaVuSansCondensed
    /DejaVuSansCondensed-Bold
    /DejaVuSansCondensed-BoldOblique
    /DejaVuSansCondensed-Oblique
    /DejaVuSans-ExtraLight
    /DejaVuSansMono
    /DejaVuSansMono-Bold
    /DejaVuSansMono-BoldOblique
    /DejaVuSansMono-Oblique
    /DejaVuSans-Oblique
    /DejaVuSerif
    /DejaVuSerif-Bold
    /DejaVuSerif-BoldItalic
    /DejaVuSerifCondensed
    /DejaVuSerifCondensed-Bold
    /DejaVuSerifCondensed-BoldItalic
    /DejaVuSerifCondensed-Italic
    /DejaVuSerif-Italic
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /FelixTitlingMT
    /FencesPlain
    /FixedMiriamTransparent
    /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
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /GentiumBasic
    /GentiumBasic-Bold
    /GentiumBasic-BoldItalic
    /GentiumBasic-Italic
    /GentiumBookBasic
    /GentiumBookBasic-Bold
    /GentiumBookBasic-BoldItalic
    /GentiumBookBasic-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kingsoft-Phonetic
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LevenimMT
    /LevenimMTBold
    /LiberationSansNarrow
    /LiberationSansNarrow-Bold
    /LiberationSansNarrow-BoldItalic
    /LiberationSansNarrow-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
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MingLiU
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /OpenSymbol
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RodTransparent
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 841.680]
>> setpagedevice


