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ABSTRACT

Physically challenged people in Kenya and the rest of the developing
countries in the world; encounter difficulties, when controlling most of
the motor driven devices in industries and domestic areas of work. In
this research paper, a system that utilizes voice and gesture commands
to control the rotational speed and direction of a d.c. (direct current)
motor fan is developed. Arduino board is used for providing a link and
developing the system hardware parts. The software part is accomplished
in Arduino IDE (Integrated Development Environment) using embedded
C language. Hardware is then carefully constructed and software porting
is done successfully. Outcomes obtained after actual implementation and
testing showed that through the use of voice and hand gesture commands
speed and direction of a d.c. motor fan can easily be manipulated.
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1. Introduction

1.1. Background of the Study

The world today is rapidly changing in terms of tech-
nological advancements. Developing countries in Africa
and other third world countries in the world are also
gradually embracing new changes in technological devel-
opments. Nowadays, various electronic devices have been
developed and many of them are operated by the use
of microcontrollers, electronic sensors, and smartphones
among other devices. For instance, with the increasingly
widespread applications of microcontrollers, sensors, and
smartphones, various efforts for designing and develop-
ing microcontroller based systems and devices have been
made: [1]–[21].

Similarly, electric fans are equally important devices that
can help in making life more comfortable. They can be used
in air conditioning areas, regulating room temperature and
concentration of gases, among other uses. Their usage
can be applied in domestic, factory, and industrial areas.
For that reason, the mechanism of controlling them, espe-
cially their rotational speed and direction is an important
concern.

Generally, the speed of a d.c motor fan is given by (1)
below;

N = k
(

V − IaRa

φ

)
r.p.m, (1)

where N is the speed in rate per minute (rpm) and K is a
constant equal to A/PZ. A is the number of parallel paths
through the armature, P is the number of poles whereas
Z is the number of conductors in the armature. V, Ra, Ia,
and φ are: terminal voltage, armature resistance, armature
current, and useful flux per pole respectively.

There are various ways in which the speed and direc-
tion of a d.c. motor fan can be controlled. They include
the application of traditional methods such as the flux
control method, adjustment of resistance connected to the
armature circuit, and adjustment of armature terminal
voltage, and some modern methods such as application of
room temperature conditions and pulse width modulation
techniques.

1.2. Statement of the Problem

The use of traditional methods in controlling the speed
of a d.c. motor fan requires a skilled and physically fit oper-
ator. Moreover, the speed of the temperature controlled
d.c. motor fan can be regulated depending on room tem-
perature conditions. For this reason, physically challenged
people find it difficult to operate d.c. motor fan devices
whose rotational speed and direction are controlled by
application of the mentioned methods.
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2. Literature Review

Traditionally, the speed of a d.c. motor fan can be con-
trolled by applying the following methods: flux control,
adjustment of resistance connected to the armature circuit,
and adjustment of the armature terminal voltage (pulse
width modulation). With the flux control method, the
shunt field current and hence the speed of the d.c motor
fan can be adjusted by connecting a variable resistance in
series with the shunt field.

The armature circuit resistance method for controlling
the speed of a d.c. motor fan is achieved by connecting an
external series resistance in the armature circuit whereas
armature terminal voltage control method is achieved by
using a power electronic inverter system like a H-bridge
inverter. This method takes advantage of the fact that since
the voltage drop across armature resistance is quite small,
then a change in armature terminal voltage of a shunt
motor will be accompanied by a proportional equal change
in speed of the d.c motor fan (direct current motor fan).

However, in the modern era and with developments in
technology, more advanced ways of controlling the rota-
tional speed and direction of the d.c. motor fan have been
invented.

There are various recent efforts that have been made
as far as controlling the rotational speed and direction
of the d.c motor fans is concerned: [22]–[31]. Pulse width
modulation technique has also been applied in designing
the speed and direction control of a d.c. motor fan and
accordingly, some efforts have been made over the same;
[32], [33].

In this research paper, however, an electric d.c. motor
fan that can be operated by use of voice and gesture
commands is developed. With the system, fans can be
put on and off and their rotational speed and direction
can also be controlled using voice and gesture commands.
Voice and gestures are wireless communication technolo-
gies employed in this article and they are intended not
only to provide convenience to the users but also to give
an opportunity to those who are physically challenged to
easily operate and run the system. For instance, Voice as
an essential communication component part of this project
helps those who are physically challenged to operate the
system using their speech.

Interestingly again, the gesture technology applied in
this project provides an opportunity for those who are
physically challenged to easily run the system both in
domestic and industrial areas and wherever it can be
applied through by use of their hand gesture signs.

3. Methodology

3.1. Construction Requirements

The following parts are necessary for the construction
of the system:

3.1.1. Arduino UNO Microcontroller
It is a single-board computer. It has fourteen digital

input/output pins, six analog inputs, sixteen Megahertz
(MHZ) ceramic resonators, Universal Serial Bus (USB)
connection, In-Circuit Serial Programming (ICSP) header,

Fig. 1. Arduino UNO microcontroller.

Fig. 2. L298N motor driver.

a power jack, and a reset button. It can simply be linked
with a USB cable to a laptop. To start it, it must first
be powered through an Alternating Current (AC) to
Direct Current (DC) adapter or a battery. The Integrated
Development Environment (IDE) of the microcontroller is
Java written application that is able to compile and upload
programs with a single click to the board.

The diagram of Arduino is shown in Fig. 1.

3.1.2. Motor Driver
It is one of the important parts of the fabrication of the

project. It controls the rotation of d.c. motors to where
the fans are attached thus also controlling the rotation of
the fans. The operational voltage of L298N bridge motor
driver used in this project ranges between 5–35 V. Fig. 2
shows the diagram of L298N motor driver.

3.1.3. Gesture Sensor
It captures signs and transmits them to the microcon-

troller in a text form for further processing.
Accordingly, its diagram is shown in Fig. 3 below.

3.1.4. D.C Motor
It is an electrical machine that converts electrical energy

into kinetic energy. Motors are basic components that
can be found in most home and industrial appliances.
Real examples where applications include motors are
automobiles, electric fans, refrigerators, food blenders,
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Fig. 3. PAJ7620 gesture sensor.

Fig. 4. HC-05 Bluetooth module.

hydroelectric generators, water pumps, and many more.
For demonstration purposes, this system uses d.c motors of
the Digital Video Disc (DVD) player, with 1.5–12 V range
and 2750 rpm.

3.1.5. Bluetooth Sensor
It is connected to the microcontroller and its function

is to receive the voice commands in the form of a text
from the transmitter component before sending them to
the microcontroller for further processing. Currently, we
have HC 05 and HC 06 Bluetooth modules. This system
uses HC 05 Bluetooth module and its diagram is shown in
Fig. 4.

3.1.6. Power Source
The Arduino Uno microcontroller requires to be pow-

ered with a 12 v d.c battery for it to work efficiently.
However, an AC to DC power adapter with voltage ranges
between 1.5–12 V can also be used.

3.2. Implementation

The following are steps for implementing the project;
Carefully connect various components of the system like

the motor driver, motors fans, Bluetooth module, gesture
sensor, and Liquid Crystal Display (L.C.D) among other
parts to the Arduino microcontroller as shown in Fig. 5.
Fig. 6 shows, a block diagram representation of the system
whereas Fig. 7 shows a detailed circuit diagram of the
system.

Connect Arduino microcontroller to a power source
and upload the voice code program of the project into

Fig. 5. Arduino microcontroller and other parts of the system.

Fig. 6. Block diagram representation of the system.

the microcontroller. Download Arduino Bluetooth control
application from google play store and make sure HC-
05 has been paired to your smartphone using a password
“1234”. HC-05 is a Bluetooth Serial Port Protocol (SSP)
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Fig. 7. Circuit diagram of the system.

which means it can communicate serially with Arduino
Uno. On clicking the voice Bluetooth control application,
one will be directed to articulate a certain command for
running motors or a particular motor in the system.

The following voice commands are used in running of
motors in the system:

Turn right on,
Turn right off,
Turn all devices on,
Intervals,
Turn left on,
Turn left off,
Turn all devices off,
Devices quick,
Devices down,
Clockwise,
Anticlockwise.
On speaking any of the listed commands above, there

will be an effect on the rotational speed of the d.c. motor
fan(s). The outcome is discussed in the results section of
this paper.

Now turn on the gesture part by uploading its program
code and disconnecting the voice part using the Bluetooth
serial switch. Bring the hand closer to the gesture sensor
and move it to the right direction and then to the left
direction over the sensor. Again raise your hand up over the
sensor and observe its effect on the rotation of the motors.
Move the fingers of your hand in a clockwise direction and
then anticlockwise direction, over the sensor and observe
its effect on the rotation of the fans. You can also press
the hand forward directly towards the sensor and then
withdraw it backwards and carefully observe the changes

to the rotational speed of the motors. Finally, lower your
hand down while being closer to the sensor.

4. Results

On connecting various components and doing proper
wiring on them, the project was found to be working
as expected thereby controlling the rotational speed and
direction of the D.C. motor fans.

As already mentioned, the system uses voice and
gesture technologies in its operation. When applying
voice commands, the spoken command gets converted
into text through a speech-to-text converter application
installed in the Android software before being sent to
the microcontroller for further processing through Blue-
tooth connectivity. After the text has been received by the
microcontroller, it controls the rotation of d.c. motor fan
accordingly.

On the other hand, when applying gesture commands,
a hand sign gets captured and processed into text form by
the gesture sensor. It is then sent to the microcontroller
for further processing. The microcontroller again controls
the rotation of the d.c. motor fan accordingly. Arduino
program code usually called a sketch, for executing the
commands associated with each of the mentioned tech-
nologies, has to be uploaded first into the microcontroller.

For the case of the voice component of this system, on
articulating the command “turn left on” the left motor
starts rotating with a speed of say 200 pwm (pulse width
modulation) frequency. On the other hand, when one
speaks the command “turn right on”, the right motor
fan immediately starts rotating with a maximum speed of
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Fig. 8. Hand gesture results.

255 pwm frequency, thereby putting off the rotation of the
left motor fan. The commands “turn right off” and “turn
left off” put off right and left motor fans respectively.

The command “turn all devices on” puts on right and
left motor fans simultaneously and sets them rotating at
200 pwm frequency; whereas, articulation of the command
“turn all devices off” put off the rotation of right and left
motor fans simultaneously. Articulation of the command
“devices quick” makes left and right motor fans rotate with
a maximum speed of 255 pwm frequency; whereas, speak-
ing the command “devices down” reduces the rotational
speed of right and left motor fans to 150 pwm frequency.
Articulation of the command “intervals” makes right and
left motor fans rotate with an interval speed of 160 pwm
frequency.

The command “clockwise” makes left and right motor
fans rotate in a clockwise direction with a speed of 250
pwm and 200 pwm frequencies respectively, whilst speak-
ing of the command “anticlockwise” left and right motor
fans rotate in an anticlockwise direction with a speed of
200 pwm and 250 pwm frequencies, respectively.

On the other hand, in the case of the gesture component
of this system, when a hand is moved towards the right
direction over the gesture sensor, the right motor fan starts
rotating with a speed of say 155 pwm frequency and when
it is moved towards left direction over the sensor, the left
motor fan immediately starts rotating with a speed of say
200 pwm frequency, thereby putting off the rotation of the
right motor fan.

When the hand is pressed forward directly towards the
sensor, right and left motor fans rotate with an increased
maximum speed of 255 pwm frequency and when it is with-
drawn backward directly away from the sensor, motor fans
rotate with a relatively low speed of 155 pwm frequency.
Moving the fingers of a hand in a clockwise direction
over the sensor, makes right and left motor fans rotate
in a clockwise direction with a speed of 255 pwm and
150 pwm frequencies respectively, whereas, moving them
in an anticlockwise direction makes right and left motors

Fig. 9. Motor fans controlled by voice commands spoken
through an android device.

Fig. 10. Sketch of graph when rpm of motor used is plotted
against pwm (%).

to rotate in an anticlockwise direction with a speed of 150
pwm and 255 pwm frequencies, respectively.

Raising the hand while being closer to the sensor puts
on all motors simultaneously and sets them revolving at
a speed of 255 pwm frequency, whereas, lowering it down
while still being closer to the sensor, simultaneously puts
off the rotation of all motor fans instantly. Figs. 8 and
9 show the results of using hand gesture and voice com-
mands respectively to control the speed and rotational
direction of a d.c. motor fan.

It is worth important to note that, in this research article,
maximum and minimum speeds are set at 255 pwm and
150 pwm frequencies respectively. For a motor fan running
with a relatively higher pwm, its rate per minute is higher
than the one rotating with a relatively lower pwm. As
part of the results obtained, Fig. 10 is a sketch of the
graph when rpm is plotted against the applied commands
and pwm frequencies. For instance the command “devices
down”, makes the right and left motor fans rotate with
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an approximate speed of 1618 rpm where the duty cycle is
59%, whereas moving the hand towards the left direction
over the gesture sensor, makes left the motor to run with
an approximate speed of 2156 rpm where the duty cycle is
78%. A digital tachometer was used to measure rpm of the
motors.

5. Conclusions

By using voice and hand gesture commands one can
easily control the speed and direction of a d.c. electric fan
conveniently and wirelessly.

The system can help those people who are physically
challenged and are working in domestic areas or in indus-
tries. By use of their voices or hand gestures, they will
be able to control rotational speed and direction of the
d.c. motor fans when used in regulating environmental or
workshop room conditions such as concentration of hot
exhaust gases, smoke and dust particles, and even room
temperature conditions.

Apart from the d.c. motor fan, more electronic devices
that can be operated and controlled by voice and gesture
commands are in the process of being discovered.

Despite, a few challenges like reliability to a stable power
supply, the system proved to be effective in its operation.
Once stabilized, the system does not have any delays and
thus it reduces the computational time involved in its
operation. Suggestions for further improvements to the
system where possible, may also be made in the future.

Declaration of Competing Interest

The authors declare no conflict of interest.

References

[1] Owojori AO, Mebawondu JO, Mebawondu JO. Design of an obsta-
cle and location-based detector with microcontroller system. Eur J
Electr Eng Comput Sci. 2021;5(2):55–62.

[2] Amadi HN, Gutiérrez S. Design and performance evaluation of a
dual-axis solar tracking system for rural applications. Eur J Electr
Eng Comput Sci. 2019;3(1).

[3] Owojori AO, Adebanjo IA, Oyetunji SA. Design analysis of a
mobile-based gait analyzer. Eur J Electr Eng Comput Sci. 2019;3(3).

[4] Shah AAI, Fauzi SSM, Gining RAJM, Razak JR, Jamaluddin
MNF, Maskat R. A review of IoT-based smart waste level mon-
itoring system for smart cities. Eur J Electr Eng Comput Sci.
2021;21(1):450–6.

[5] Rehman AU, Iqbal MT. Design of an ultra-low powered data-
logger for stand-alone PV energy systems. Eur J Electr Eng Comput
Sci. 2020;4(6).

[6] Peprah F, Gyamfi S, Amo-Boateng M, Buadi E, Obeng M,
et al. Design and construction of smart solar powered egg incubator
based on GSM/IoT. Sci Afr. 2022;17:e01326.

[7] Pandey A, et al. Autonomous mobile robot navigation between
static and dynamic obstacles using multiple ANFIS architecture.
World J Eng. 2019.

[8] Abo-Elyousr FK, Abdelaziz AY. Optimal PI microcontroller-based
realization for technical trends of single-stage single-phase grid-tied
PV. Eng Sci Technol Int J. 2018;21(5):945–56.

[9] Adeyanju I, Alabi SO, Esan AO, Omodunbi BA, Bello OO, Fanijo
S. Design and prototyping of a robotic hand for sign language using
locally-sourced materials. Sci Afr. 2023;19:e01533.

[10] Anshori I, Mufiddin GF, Ramadhan IF, Ariasena E, Harimurti
S, Yunkins H, et al. Design of smartphone-controlled low-cost
potentiostat for cyclic voltammetry analysis based on ESP32 micro-
controller. Sens Bio-Sens Res. 2022;36:100490.

[11] Asafa TB, Afonja TM, Olaniyan EA, Alade HO. Development of
a vacuum cleaner robot. Alex Eng J. 2018;57(4):2911–20.

[12] Abdullah R, Rizman ZI, Dzulkefli NN, Ismail S, Shafie R, Jusoh
MH. Design an automatic temperature control system for smart
tudungsaji using Arduino microcontroller. ARPN J Eng Appl Sci.
2016;11(16):9578–81.

[13] Binti Awang N. Development of Arduino Controlled Robotic Arm.
2020.

[14] Karthik BN, Parameswari LD, Harshini R, Akshaya A. Survey on
IOT & Arduino based patient health monitoring system. Int J Sci
Res Comput Sci, Eng Info Technol. 2018;3(1):1414–7.

[15] Parihar VR, Tonge AY, Ganorkar PD. Heartbeat and temperature
monitoring system for remote patients using Arduino. Int J Adv Eng
Res Sci. 2017;4(5):55–8.

[16] Gomes VV, Cavaco SC, Morgado CP, Aires-de-Sousa J, Fernandes
JC. An Arduino-based Talking Calorimeter for Inclusive Lab Activi-
ties. ACS Publications; 2020.

[17] Singh A, Gupta T, Korde M. Bluetooth controlled spy robot.
International Conference on Information, Communication, Instru-
mentation and Control (ICICIC), IEEE; 2017.

[18] Ghassoul M. A dual solar tracking system based on a light
to frequency converter using a microcontroller. Fuel Commun.
2021;6:100007.

[19] Fa-Qun Q, Xue-Dong J, Shi-qing Z. Design of stepping motor
control system based on AT89C51 microcontroller. Procedia Eng.
2011;15:2276–80.

[20] Amoran AE, Oluwole AS, Fagorola EO, Diarah RS. Home auto-
mated system using Bluetooth and an android application. Sci Afr.
2021;11:e00711.

[21] Satapathy LM, Bastia SK, Mohanty N. Arduino based home
automation using internet of things (IoT). Int J Pure Appl Math.
2018;118(17):769–78.

[22] Kaushik S, Chouhan YS, Sharma N, Singh S, Suganya P. Auto-
matic fan speed control using temperature and humidity sensor and
Arduino. Int J Adv Res. 2018;4(2):453–67.

[23] Junizan NA, Razak AA, Balakrishnan B, Othman W. Design
and implementation of automatic room temperature controlled fan
using Arduino Uno and LM35 heat sensor. Int J Eng Creati Innov.
2019;1(2):8–14.

[24] Rani MJ, Vadivu MS, Surya K, Krishna V, Lokesh R. Fan speed
control with temperature change using Arduino. Ann Romanian Soc
Cell Biol. 2021;4353–9.

[25] Hemalatha MC, Nagarajan MR, Suresh P, Shankar GG,
Vijay A. Brushless DC motor controlled by using internet
of things. IJSTE-Int J Sci Technol & Eng. 2017;3(09):
373–7.

[26] Tian W. Design of permanent magnet Brushless DC motor control
system based on dsPIC30f4012. Procedia Eng. 2012;29:4223–7.

[27] Ramadan EAE-HM, El-Bardini M, El-Rabaie NM, Fkirin MA.
Embedded system based on a real time fuzzy motor speed con-
troller. Ain Shams Eng J. 2014;5(2):399–409.

[28] Boztas G, Aydogmus O. Implementation of sensorless speed con-
trol of synchronous reluctance motor using extended Kalman filter.
Eng Sci Technol Int J. 2022;31:101066.

[29] Abdeljawed HB, Amraoui LEl. Simulation and rapid control pro-
totyping of DC powered universal motors speed control: towards
an efficient operation in future DC homes. Eng Sci Technol Int J.
2022;34:101092.

[30] Cabré TP, Vela AS, Ribes MT, Blanc JM, Pablo JR, Sancho FC.
Didactic platform for DC motor speed and position control in Z-
plane. ISA T . 2021;118:116–32.

[31] Potnuru D, Ch S. Design and implementation methodology for
rapid control prototyping of closed loop speed control for BLDC
motor. J Electr Syst Inf Technol. 2018;5(1):99–111.

[32] Saad M, Abdoalgader H, Mohamed M. Automatic fan speed con-
trol system using microcontroller. 6th Int’l Conference on Electrical,
Electronics & Engineering (ICEECE’2014), pp. 86–89, 2014.

[33] Patel H, Chandwani H. Simulation and experimental verification of
modified sinusoidal pulse width modulation technique for torque
ripple attenuation in Brushless DC motor drive. Eng Sci Technol Int
J. 2021;24(3):671–81.

Vol 7 | Issue 5 | September 2023 6


	Voice and Gesture Controlled D.C. Motor Fan's Rotational Speed and Direction
	1. Introduction
	2. Literature Review
	3. Methodology
	4. Results
	5. Conclusions
	Declaration of Competing Interest
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /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 false
  /MaxSubsetPct 100
  /Optimize true
  /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 (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Average
  /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

  /CreateJDFFile 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 [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


