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Abstract—With the advent of the recent coronavirus pandemic, it has become crucial to
maintain social distancing within public spaces. To achieve this, it is important to keep a
count of the number of people entering the premises and maintain low occupancy within
it. This article presents a very large area pressure sensor based on nickel sulfide
deposited on a paper using facile hydrothermal, and sheet to sheet vacuum filtration
technique followed by an encapsulation of the sensor using polydimethylsiloxane for
smart floor applications. An android application is also developed for the count of the
people and the estimated waiting period for the entry.
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M THe riELD oF flexible electronics has emerged
steadily over the last decade. Past research in
flexible electronics, specifically that of flexible
sensors has majorly focused on small scale/area
pressure, temperature, and humidity sensors.
Large-area flexible sensors are vital for the future
as they have widespread applications in flexible
displays, electronic skins, biomedical systems,
wearable electronics.!”” These sensors can also
be used for a variety of security and monitoring
applications, such as tracking the number of
people entering a certain area when they step on
the large-area sensing surface. The current coro-
navirus pandemic necessitates social distancing
within public spaces like supermarkets and offi-
ces so as to protect people from catching the
infection. There is no doubt that fast identifica-
tion of a novel virus could significantly contrib-
ute to control of an emerging pandemic, but
these are expensive and need extra efforts.>®
One of the possible solutions to maintain social
distancing is to keep a count of the number of
people entering a heavily crowded premises and
to maintain low occupancy within it. The existing
people-counting and occupancy-limiting technol-
ogies are either software based and hence prone
to some errors, or they utilize cost-heavy hard-
ware which cannot be deployed in every public
space.s‘7 Also, Therefore, an urgent need for
inexpensive technological solutions to aid peo-
ple to go about their daily lives of visiting malls,
offices, and supermarkets and at the same time
one can avoid getting infected.

There has been extensive research on pres-
sure sensors; however, most of the pressure
sensors reported are fabricated on a small
area with a focus more on healthcare applica-
tions that includes artificial electronic skin,
human motion monitoring, touchpads, etc.!'®?
But for the mentioned application, there is a
need to develop a large area and robust pres-
sure sensor that can sense the pressure
exerted by a human. Hence there is a need to
develop a process wherein large area fabrica-
tion is possible and at the same time maintain
the cost of the system to be as low as
possible. There are different fabrication pro-
cesses reported for large-area fabrication
that include chemical vapor deposition (CVD),
hydrothermal, etc.'® Sheet to sheet processing
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technique has gained importance for large
area deposition and is compatible with most
of the conventional process. Vacuum filtration
along with sheet to sheet processing for large
area deposition would be an interesting pro-
cess to explore for the fabrication of large-
area devices.

Nanoscale materials are found to be superior
to their bulk counterparts due to their interesting
properties like high surface area-to-volume ratio,
high surface sensitivity, and exceptional semi-
conducting properties.!! As compared to their 3-
D counterparts, 2-D materials offer more flexibil-
ity in tuning their electronic properties. Research
of 2-D materials gained momentum after the isola-
tion of graphene. Transition metal chalcogenides
(TMCs) of the form MX, MX, and MX3 hence pro-
vide good alternatives. Besides having excep-
tional electrical properties, TMCs have high
Young’s Moduli and breaking strains. Two-dimen-
sional TMCs can therefore be employed in large-
area, high-performance flexible devices, and cir-
cuits. The most common TMCs studied in litera-
ture are MoS, and WS,, however, among the
family of sulfides, there has been a growing inter-
est in nickel sulfide (NiS) owing to its thermal cat-
alytic, magnetic, and optical properties. NiS is an
interesting material since it exhibits metal-insula-
tor transition by doping or as a function of tem-
perature and/or pressure.'?

The following report investigates the fabrica-
tion and application of a large-area, cellulose
paper-based NiS pressure sensor. The hydro-
thermal synthesis method was chosen for the
synthesis of NiS since it requires crystal growth
at high temperatures and pressures. Further,
sheet to sheet processing using vacuum filtra-
tion was utilized for the deposition of NiS on cel-
lulose paper. Moreover, this synthesis method
proved to be better as it is a one-step, environ-
ment-friendly procedure having operating condi-
tions that are simple to achieve. To demonstrate
the application, the fabricated large-area pres-
sure sensor was then integrated with a micro-
controller and a dedicated Android application
was created to count the number of people
entering a crowded premise. The large
area smart floor pressure sensor would be
deployed at the entrance of the concerned prem-
ises. When people enter a mall, office, or
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Figure 1. (a) Current-voltage (I-V) characteristics
of NiS deposited on paper, showing ohmic behavior
of the device. (b) Graph plotted between Al/ly and
applied pressure, sensitivity was found to be ~ 0.29
kPa™. (c) Temporal response of the sensor for
multiple cycles under constant pressure P = 3.06
kPa. (d) Graph showing the rise time of the sensor,
Rise time ~200 ms. (e) Response of the sensor under
various pressures applied. (f) Temporal response of
the device under 1000 continues cycles.

supermarket, they would step on the pressure
sensor placed on the floor at the entrance.
The changes in pressure were mapped as corre-
sponding changes in resistance by the Arduino.
The data collected was then transmitted wire-
lessly to a smartphone application. Every time a
person stepped on the sensor, the application
would register it as one person entering. People
who wish to visit malls or supermarkets can fur-
ther download this application and check how
crowded the area and accordingly plan their
travels. The major contribution of the work is
the development of a large area pressure sensor
and to demonstrate the initial proof of concept
prototype to counter the social distancing issue
in areas with a high density of people. Further,
the overall cost of the entire system is around ~
6 $ (details are given in supporting information
Table S1), which is cost effective as compared to
other commercially available options. The suc-
cessful demonstration of the smart floor sensor
opens up new avenues for tackling social dis-
tance issue.

RELATED EXISTING WORKS

There are a number of reports on the fabri-
cation of pressure sensors for large area appli-
cations. A flexible e-skin pressure sensor, made
of carbonized melamine sponge with lycra fab-
ric, was reported by Li et al.'®> The fabrication
process used was dip-coating and it does not
necessarily produce a uniform deposition of the
active material. Lin ef al. reported a large area
pressure sensor based on triboeletric effect
using Ag nanowires.' Yao et al. demonstrated
the fabrication of a pressure sensor for elec-
tronic skin applications based on graphene-
wrapped PU sponge.!> Number of pressures
sensors utilizing nanomaterials along with vari-
ous polymeric substrates such as polydimethyl-
siloxane (PDMS), PI, etc., have been reported.
Although the devices reported show promising
results, advanced manufacturing techniques
such as photolithography, laser processing,
sputtering, etc. are cost ineffective and con-
sume more energy, making them unable to com-
mercialize at large scales. A comparative study
of the relative performance of a few reported
pressure sensors with the present work is given
in Table S2 (SI).

PROPOSED DEVICE DESIGN

In detailed explanation of NiS synthesis is
included in the Supporting information (SI). The
fabricated NiS/paper with contacts was embed-
ded between two thin PDMS films. Figure S1, SI
illustrates the entire synthesis and fabrication
process of the NiS/paper device.

CASE STUDY DEVICE ANALYSIS AND
DISCUSSIONS

The as-synthesized NiS was confirmed by
using several characterization techniques, all
the results included in the supporting informa-
tion (SI), Figure S2. Figure 1(a) displays the cur-
rent-voltage (I-V) characteristics of as-fabricated
NiS/paper and as seen in the graph the device
showed ohmic behavior. From the [-V graph, it
was observed that the sensor current increases
proportionally to the applied pressure on the
senor. The linear relationship between the volt-
age and current shows the steady response of
the fabricated NiS/paper sensor to static
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pressure applied. Sensitivity is one of the figures
of merit of the pressure sensor, which is denoted
by “S” and determined using the equation S =
(Al/ly)/(AP), where Al (final current - initial cur-
rent) represents the shift in the sensor current
after applying a specific pressure and I, is the
sensor current without any pressure applied.
Figure 1(b) displays the graph plotted between
Al/ly and AP and the slope of this graph was con-
sidered as sensitivity which was found to be
approximately ~ 0.29 kPal. The sensitivity of
the fabricated device is less compared to some
of the literature. But the fabrication techniques
utilized for such sensors are sophisticated and
expensive. Hence it is a cost v/s performance
tradeoff. Further, the fabricated device was sub-
jected to a constant pressure of multiple cycles
approximately for 60 s and the results are shown
in Figure 1(c). From the graph, it was observed
that there is a sudden rise in the sensor current
immediately after applying external pressure on
the sensor. After releasing the pressure, sensor
current returns to the initial value. Response
time is one of the significant parameters of the
pressure sensor, which is defined as the time
taken by the sensor current to rise from 10% to
90% of the peak value. The rise time of the fabri-
cated sensor was measured to be approximately
~ 200 ms, as shown in Figure 1(d).

Furthermore, the fabricated sensor was tested
under dynamic conditions by applying various
pressures and the corresponding temporal
response was given in Figure 1(e). As seen in tem-
poral response, the fabricated sensor revealed var-
iations in current levels proportional to the
applied pressure. As the applied pressure
increases, an increase in the current level was
observed, indicating that variations in the pres-
sure values can be clearly differentiated by the fab-
ricated device. To check the reliability, the sensor
was testing for 1000 continues cycles. As seen in
Figure 1(f), negligible change in the sensor current
was observed, suggesting that the high reliability
of the sensor and it can be used for multicycle
pressure sensing applications. For continuous
pressure monitoring, hysteresis is an important
parameter. Figure S3a, SI shows the hysteresis
graph of the sensor plotted between AR/R; and
pressure applied. Low hysteresis of the fabricated
device reveals that the sensing mechanism can be
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ascribed to tunneling phenomenon instead of rup-
ture/deformation in NiS flowers. To ensure that
the external bending does not affect the perfor-
mance of the sensor, it was put through 500 bend-
ing cycles (both tensile and compressive) and the
corresponding graph between normalized sensor
resistance and bending cycles was drawn as
shown in Figure S3b, SI. Negligible deviation of
+2.6% in the sensor response, which reveals the
highly robust nature of the sensor.

The change in the fabricated device current
due to the applied pressure can be understood by
the following reasons. As seen in the high-magnifi-
cation image (Figure S2c), NiS have a 3-D nano-
flower structure having nanorods which looks
similar to Christmas-tree nanostructures. These 3-
D Christmas-tree nano structures are densely
packed and consists of many individual NiS nano-
rods as seen in high-magnification FESEM image.
When external pressure is applied on the sensor,
the distance between the nanorods changes signif-
icantly, which leads to the change in conductivity
of the sensor and it implies the rise in sensor cur-
rent. Second, individual NiS nanorods are sepa-
rated by a distance of ~1-3 nm, as revealed from
the high-magnification FESEM images, which is a
tunneling distance. Because of the external pres-
sure applied, nanoscopic gaps between adjacent
nanorods decreases, consequently lower tunnel-
ing resistance. The reduction in tunnel resistance
increases the tunneling current of the sensor.
Thus total sensor current increases due to applied
pressure. The fabricated device showed negligible
hysteresis [see Figure S3a] and it confirms that the
cracks or ruptures in the NiS nanoflowers depos-
ited on cellulose paper are very minimal, which
can be ascribed to the remarkable mechanical
properties of NiS and the interfacial binding
between NiS and cellulose paper substrate post
vacuum filtration process. Therefore, instead of
the rupture mechanism, the tunneling phenome-
non plays a significant role, and thus the accuracy
of the pressure sensor output does not deteriorate
considerably over time.

Inspired by the high sensitivity and large area
of the fabricated NiS/paper-based sensor, it was
utilized for lab-based smart floor sensing appli-
cation. A large area (10 cm x 4 cm) sensor was
fabricated by embedding the NiS/paper between
two thin PDMS films and digital image of the
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Figure 2 (a) Fabricated NiS/paper-based pressure
sensor. (b) and (c) Testing the fabricated device for
foot pressure and the corresponding temporal
response. (d) Digital image of foot monitoring using
smart phone integrated with Arduino board via
Bluetooth module. (f) Android application screen
showing messages “Entry allowed or not allowed,”
“number of people,” and “waiting time.”

device is shown in Figure 2(a). The fabrication
process of NiS/paper could be scaled up further
for the production large area sensors. To demon-
strate the ability of the fabricated pressure sen-
sor, it was tested by keeping the foot of an
individual on the sensor for multiple cycles and
the corresponding digital image and temporal
response are given in Figure 2(b) and 2(c). When
the foot was placed on the sensor sudden
increase in the sensor current was observed and
when the foot was released the sensor current
had come back to the initial baseline. By count-
ing the number of peaks/changes in the sensor
current/resistance, the number of persons
entered can be calculated. An android applica-
tion was developed to process and monitor the
sensor data remotely and the sensor data trans-
mitted to a smart phone using Arduino board via
Bluetooth, as shown in Figure 2(d).

The example demonstrated was a lab-based
proof of concept testing of a large area pressure
sensor. It can be potentially utilized as a smart
floor to count the number of people entering the
premises which is essential as social distancing
has become a “new normal” in today’s time. We
have the future plan to develop a real time
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prototype that can be used to check the status of
various offices, supermarkets, and malls. It has a
counter that registers people entering and leaving
premises when they step on the pressure sensor.
People can select the place they wish to visit and
get information about the number of people pres-
ent in the place at that time. Some offices may be
small in size and may wish to allow only a maxi-
mum of fifteen people at a time while some larger
supermarkets may allow a hundred shoppers at a
time. According to the decided optimal occupancy
level of premises, a message shows up on the
screen of the application if entry is allowed or not
allowed at a given point in time. Furthermore, if
entry is not allowed, the application also shows
the estimated waiting time period until entry will
be allowed again, as depicted in Figure 2(e).

The sensor that was integrated with the HC-
05 module must be connected to the mobile
app via Bluetooth. For this purpose, the app
runs a search for available Bluetooth devices in
its surroundings and pairs with the HC-05 mod-
ule. When a person steps on the large-area sen-
sor, there will be changes in its resistance
which get translated as data bytes. These bytes
are then sent via Bluetooth to the mobile appli-
cation. Whenever the app has data incoming via
Bluetooth, a counter is set up to count it as one
person. When there is no incoming data, the
counter remains unchanged. The process will
continue, as the number of people entering
premises increases, the counter keeps increas-
ing. As long as the number displayed by the
counter is below a certain threshold decided by
the management of the premises as their opti-
mal occupancy level, a message is shown to the
app users signaling that entry is allowed, as
shown in Figure 2(e). When the number dis-
played on the counter becomes equal to the
threshold, a different message shows up on the
screen signaling users that entry is not allowed
Figure 2(f). Further, depending on the average
time taken by a person to complete their
desired work within the premises, estimated
waiting time is decided. This waiting time
shows up on the screen [see Figure 2(f)] when
the premises saturate to full occupancy.
Depending on this waiting time users can
decide and plan their travels to the office or
supermarket accordingly.
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CONCLUSION

In conclusion, the fabricated NiS/paper was
utilized as a pressure sensor for smart floor
application. The fabricated pressure sensor
showed a sensitivity of ~ 0.29 kPa™! and response
time of ~ 200 ms. Furthermore, the future scope
of the developed technology could be that of
people metering systems for the concept of
smart cities and smart mobility wherein authori-
ties can gain insights about how many people
are going where and when. This would help in
giving feedback to authorities about the changes
in people’s behavior that would allow them to
effectively manage the flow of people or vehicles
in the area.

B REFERENCES

1. P.Jain, A. M. Joshi, and S. P. Mohanty, “iGLU: An
intelligent device for accurate non-invasive blood
glucoselevel monitoring in smart healthcare,” IEEE
Consum. Electron. Mag., vol. 9, no. 1, pp. 35-42, Jan. 2020

2. A. K. Tripathy, A. G. Mohapatra, S. P. Mohanty, E.
Kougianos, A. M. Joshi, and G. Das, "EasyBand: A
wearable for safety-aware mobility during pandemic
outbreak,” IEEE Consum. Electron. Mag., vol. 9, no. 5,
pp. 57-61, 2020.

3. A. Ahmadivand et al.., “Femtomolar-level detection of
SARS-CoV-2 spike proteins using toroidal plasmonic
metasensors,” arXiv:2006.08536 (physics), 2020.

4. X.Zhang et al., “Electrical probing of COVID-19 spike
protein receptor binding domain via a graphene field-
effect transistor,” arXiv:2003.12529, 2020.

5. G. Qiu et al.., “Dual-functional plasmonic photothermal
biosensors for highly accurate severe acute
respiratory syndrome coronavirus 2 detection,” ACS
Nano, vol. 14, no. 5, pp. 5268-5277, 2020.

6. B.Li, J. Zhang, Z. Zhang, and Y. Xu, “A people
counting method based on head detection and
tracking,” in Proc. Int. Conf. Smart Comput., 2014,
pp. 136-141.

7. S. Velipasalar, Y. L. Tian, and A. Hampapur,
“Automatic counting of interacting people by using a
single uncalibrated camera,” in Proc. IEEE Int. Conf.
Multimedia Expo., 2006, pp. 1265-1268.

8. R. Aoki, M. lhara, A. Maeda, M. Kobayashi, and
S. Kagami,“Expanding kinds of gestures for
hierarchical menu selection by unicursal gesture
interface,” IEEE Trans. Consum. Electron., vol. 57,
no. 2, pp. 731-737, May 2011.

March/April 2021

9. J.Jeong, and K. U. Kyung, “Highly stretchable
polymer-based optical strain sensor for integration
with soft actuator,” in Proc. IEEE Int. Conf. Consumer
Electron., 2019, pp. 1-3.

10. V. Selamneni, P. Barya, N. Deshpande, and
P. Sahatiya. “Low-cost, disposable, flexible, and
smartphone enabled pressure sensor for monitoring
drug dosage in smart medicine applications,” IEEE
Sens. J., vol. 19, no. 23, pp. 11255-11261, Dec. 2019.

11. E. G. Marin, M. Perucchini, D. Marian, G. lannaccone,
and G. Fiori, “Modeling of electron devices based on
2-D materials,” IEEE Trans. Electron Devices, vol. 65,
no. 10, pp. 4167-4179, Oct. 2018.

12. F. Atay, S. KOSE, V. Bilgin, and I. AKYUZ, “Electrical,
optical, structural and morphological properties of
NiS films,” Turk. J. Phys., vol. 27, no. 4, pp. 285-292, 2003.

13. C. Liu et al.., “Highly stable pressure sensor based on
carbonized melamine sponge using fully wraped
conductive path for flexible electronic skin,” Org.
Electron., vol. 76, 2020, Art. no.105447.

14. L. Lin et al.., “Triboelectric active sensor array for
self-powered static and dynamic pressure detection
and tactile imaging,” ACS Nano, vol. 7, no. 9,
pp. 8266-8274, 2013.

15. H. B. Yao et al., “A flexible and highly pressure-
sensitive graphene—polyurethane sponge based on
fractured microstructure design. Adv. Mater., vol. 25,
no. 46, pp. 6692-6698, 2013.

Venkatarao Selamneni is currently working
toward the Graduate degree at the Department of
EEE, BITS Pilani, Hyderabad campus, India. Contact
him at p20180429@hyderabad.bits-pilani.ac.in.

Aastha Dave is currently working toward the
Undergraduate degree at the Department of EEE,
BITS Pilani, Hyderabad campus, India. Contact her
at f20170959@hyderabad.bits-pilani.ac.in.

Saroj Mondal is an Assistant Professor with the
Department of EEE, BITS Pilani, Hyderabad campus,
India. Contact him at saroj@hyderabad.bits-pilani.ac.in.

Pedja Mihailovic is an Associate Professor with
the School of Electrical Engineering, University of
Belgrade, Serbia. Contact him at pedja@etf.rs.

Parikshit Sahatiya is an Assistant Professor
with  the Department of EEE, BITS Pilani,
Hyderabad campus, India. Contact him at
parikshit@hyderabad.bits-pilani.ac.in.

103


mailto:p20180429@hyderabad.bits-pilani.ac.in.
mailto:f20170959@hyderabad.bits-pilani.ac.in.
mailto:saroj@hyderabad.bits-pilani.ac.in.
mailto:pedja@etf.rs.
mailto:parikshit@hyderabad.bits-pilani.ac.in.


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


