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ABSTRACT
In this article, sensorless speed control of DC motor has been proposed using the extended
Kalman filter (EKF) estimator and Takagi–Sugeno-Kang (TSK) fuzzy logic controller (FLC). In the
industry, high-cost measurement systems/sensors are necessary for better controlling andmon-
itoring, which can be replaced by a sensorless control technique to reduce the cost, size and
increase system reliability and robustness. EKF has been used to perform the sensorless speed
control by estimating the speed of the DCmotor using the armature current only and TSK-FLC is
used to reduce the effect ofmotor parameter variation and load torque nonlinearity in close loop
speed control for various speed references. The performance of EKF-based TSK-FLC is compared
with EKF-based PID controller. The time-domain specification and absolute error performance
indices indicate that EKF-based TSK-FLC is superior to the EKF-based PID under similar condi-
tions. The proposed system is executed in the MATLAB/Simulink environment, and sensorless
speed control of DC motor prototype model has been developed for validating the proposed
technique with the help of a micro-controller.
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1. Introduction

DC motor drives are widely used electrical machines
in many applications, including rolling factories, paper
mills, robots, electrical vehicles and others for which
adjustable speed and constant or low-speed torque
are required. Nowadays, there exist a wide variety of
schemes to control the speed of electrical machines
[1]. A PID controller has been implemented on Lab-
VIEW and motor speed is measured by a sensor
[2], whereas various optimization algorithms to tune
the PID parameters have been discussed in [3]. The
PW (pulse width modulation) controlled BLDC motor
drives have been discussed in [4,5]. Shanmugasun-
dram et al. [6] investigated the performance of fuzzy
and PID controller for BLDC servomotor; however, the
speed of the motor was regulated by a PWM-controlled
chopper driver. In the above techniques, researchers
used a speed sensor or tachogenerator to measure the
speed, which increases the hardware complexity and
cost along with reduced reliability. To achieve effective
speed control, a closed-loop speed control system with
known or feedbacked motor state variables has been
required. Therefore, to measure all the state variables
of the system, various mechanical sensors are required
which will not only increases the system size, complex-
ity and overall cost but also minimize the robustness
and reliability. To minimize the number of sensors and
system complexity, the researchers focused on sensor-

less control strategy along with intelligent control for
optimum response [7].

In sensorless control techniques, the speed of motor
is estimated by an observer/estimator with the use of
relevant electrical signals [8]. Sliding mode observer
[9–11], model reference adaptive system [12–14],
Luenberger observer [15], Kalman filter (KF) [16]
and extended Kalman filter (EKF) [17–20] are widely
used state estimation techniques. The observer uses
some mathematical equation with some measured
states (current, voltage) of a motor to estimate the
speed/position. An ANN-based sensorless speed con-
trol technique of DC motor has been discussed [21].
In [22], improved speed estimation performance of
PMSM drive has been obtained by replacing the
saliency back EMF estimator using the PID to a PID
neural network torque observer. Cao et al. [23] imple-
mented a low-speed control strategy of PMSM drive,
using an adaptive Kalman filter (AKF), incremental
encoder and PI control. Some sensorless speed esti-
mation techniques have been discussed with the fuzzy
logic controller (FLC) for the BLDC motor [24–27].
The speed of the induction motor is controlled by a
Luenberger observer with Fuzzy-PID [28,29]. AlMaliki
and Iqbal [30] implemented an FLC-based sensorless
speed control technique for DC motor utilizing KF
observer. KF is a linear time state estimator which is
widely used for linear and known system parameters,
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but in practical application, the system is nonlinear. So
the performance of KF starts degrading. To overcome
the nonlinearity problem, EKF is a widely used state
estimator.

The performance of sensorless speed control directly
depends on the performance of the estimation algori
thm. To design a good sensorless speed controller, it
is essential to know the exact mathematical model of
motor and environmental disturbance; but in practi-
cal applications, generally, systems are found nonlin-
ear, complex, environmental disturbances are uncertain
and it is generally assumed thatmotor parameters never
change. However, in practical application load param-
eters, inertia, friction, temperature and reference speed
change create problems for optimum response.

In this paper, TSK-FLC with an EKF has been used
to achieve optimum response and better speed track-
ing irrespective of change in reference speed, motor
parameter variation and load torque (constant or non-
linear). In this technique, DC motor shaft speed has
been estimated by EKF observer with the help of sensed
armature current only. The estimated shaft speed is
feedbacked to the TSK-FLC for generating a control
signal to perform the closed-loop speed sensorless con-
trol of the DC motor. The organization of the paper
is: In Section 2, a DC motor mathematical model has
been presented. EKF state estimation algorithm is pre-
sented in Section 3, while the implementation of EKF
with TSK-FLC is discussed in Section 4. Results and
concluding remarks are presented in Sections 5 and 6,
respectively.

2. DCmotor mathematical model

State estimation algorithm for a DC motor requires a
mathematical model in the time domain. The mathe-
maticalmodel of theDCmotor has twomain equations,
one is electrical and the other one is mechanical [31].
By applying Kirchhoff ’s second law in armature circuit
presented in Figure 1, the electrical equation is given as

v(t) = ea(t) + Raia(t) + La
d
dt
ia(t) (1)

where ia is armature current, Ra is the armature resis-
tance, La is the armature self-inductance caused by
armature flux, vt is armature supply voltage and ea(t) is
back emf. A separately excited DC motor presented in
Figure 1 requires an extra DC voltage (uf ) to produce
the magnetic field. Lf and Rf represent the inductance
and resistance of the field winding, respectively. It is
well known that when the field voltage constant and
steady-state exists in the field circuit, then if is constant
therefore Equation (1) can be written as

v(t) = K ′
eωm(t) + Raia(t) + La

d
dt
ia(t) (2)

Figure 1. Schematic of separately excited DC motor.

Figure 2. Nonlinear load model for DC machine.

For motoring operation, the dynamic equation for
the mechanical system is

T(t) = Ktif (t)ia(t)

= J
d
dt

ωm(t) + TL(t) + Tf (t) + Dωm(t) (3)

where ωm is the motor speed, J moment of inertia of
motor and load, D is viscous damping coefficient, Tf
(t) is coulomb friction torque and TL is load torque as
shown in Figure 2, can be expressed as

TL = mgL cos θ + mL2
d
dt

ωm(t) (4)

where m represents the mass of load, L is arm’s
length, g is gravitational constant and θ is angular dis-
placement, integral of ωm. The details of motor param-
eters are given in Appendix. The Simulink model of the
load model is given in Figure 3.

As if is constant then Equation (3) can be written as

T(t) = K ′
t ia(t)

= J
d
dt

ωm(t) + TL(t) + Tf (t) + Dωm(t) (5)

With the help of Equations (2) and (5), the state-space
model can be implemented. The model comprises two
state variables i.e. armature current (ia) and motor
speed (ωm). The state-space model in the time domain
is given as[

ω̇m
i̇a

]
=

[
D

mL2+J
K′

t
mL2+J

−K′
t

La
−Ra
La

] [
ωm
ia

]
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Figure 3. Simulink model of load.

+
[mgL cos θ−Tf

mL2+J 0
0 −Ra

La

] [
1
vt

]
(6)

From the state-space model, it is clear that θ pro-
duces nonlinearity in the system. For digital implemen-
tation, Equation (6) must be discretized. The discrete-
timemodel of the system can be represented in the form
of the following equations:

xk+1 = Adxk + Bduk + vk (7)

yk = Cdxk + wk (8)

In the above equation, x (state variable) = [ωm, ia]t ,
u (input vector) = [1, vt]t , y (output vector) = [0,ia]t ,
v and w is the process noise and measurement noise
with covariance Q and R, respectively, at mean zero. At
sampling interval Ts, the discretized matrix coefficients
Ad, Bd and Cd can be written as

Ad = I + ATs =
[

1 0.005
−0.007 0.9828

]
(9)

Bd = BTs =
[−0.016 0

0 0.0067

]
(10)

Cd = C = [
0 1

]
(11)

With the help of Kalman controllability and observ-
ability test, we find that the above system is controllable
and observable, which implies that we can design a
controller and observer. The detail of the EKF estima-
tor/observer and their performance has been presented
in the next section.

3. EKF observer

The observer uses the state-space model generated in
Section 2 to estimate the motor speed (ωm) based on
ia measurements. KF is a state observer that computes
the best feasible state from a noisy state using iterative
mathematical equations. For nonlinear systems, the KF
is not relevant in the presented systemas the load torque
is nonlinear (in the calculation of θ using ωm leads the
DCmotor model to nonlinear). Therefore, EKF is used
to overcome the nonlinear difficulty of KF. EKF is the
extended version of KF which uses first-order Taylor
series approximation of nonlinear dynamical function
to estimate the state by noisy measured data. The EKF

has twomain steps: one is state prediction and the other
is state correction. In the prediction step, a dynamical
model of the system with process noise covariance Q is
used. In the correction step, the predicted state is cor-
rected with the help of measured data and Kalman gain
(K). However, in the application of EKF, initial values
of all the covariance matricesQ, R and Pmust be tuned
correctly otherwise the system may become unstable
and can diverge. The covariance can be achieved by
analyzing the stochastic characteristics of the corre-
sponding noise. Here, these are obtained intuitively and
with the help of [17]. The EKF mathematical steps are
presented below.

The prediction step is

x̂k+1/k = f (x̂k, uk) (12)

Pk+1/k = AdPkA′
d + Q (13)

where x̂k represents the estimated state of xk. The
correction step is

Kk+1 = Pk+1/kCd
′(CdPk+1/kCd

′ + R)−1 (14)

x̂k+1 = x̂k+1/k + Kk+1(yk+1 − Cdx̂k+1/k) (15)

Pk+1 = Pk+1/k(I − Kk+1Cd) (16)

whereKk+1 is Kalman gain at k+1 time indices and I
is the identity matrix. From Equations (12)–(16) is one
complete cycle of the EKF algorithm.

4. Design and implementation of proposed
model

The block diagram and MATLAB/Simulink model of
the proposed system are shown in Figures 4 and 5,
respectively. It consists of two blocks, one is the con-
troller block and the other one is the DC motor block.
In the controller block, TSK-FLC, EKF observer and
PWM generators are present. In the EKF estimator
block, EKF code has been written using the MATLAB
code generator block to estimate the states (speed and
current) of the DC motor. The difference between ref-
erence speed and estimated speed generates the error
signal. The generated error and change in error are
applied as an input to the fuzzy controller, which gen-
erates the duty cycle to produce the pulse width to
control the speed of the DC motor. The TSK-FLC
as represented in Figure 6 is an intelligent controller
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Figure 4. Block diagram of the proposed system.

Figure 5. Simulink model of the proposed system.

Figure 6. Simulink model of fuzzy controller.

to control complex and nonlinear systems. The FLC
seems an ultimate solution in terms of high dynamic
response and best disturbance rejection. The special
merit of this controller is that it does not require the
knowledge of a mathematical model of the plant for

the adaptation mechanism, and it can be easily imple-
mented. It allows the designer to present the overall sys-
tem behaviour linguistically by establishing rules in the
form of IF–THEN statements. The general FLC struc-
ture has four parts: fuzzification, fuzzy rule base, fuzzy
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Figure 7. Simulation results at variable reference speed and nonlinear load (TL = mgL cos θ + mL2 d
dtωm(t)).

inference and last is defuzzification, but TSK-FLC does
not have a defuzzification stage. In TSK-FLC, the crisp
result is obtained using the weighted average of rules,
whichmakes it computationally efficient andmore flex-
ible in controller designing. In the fuzzification process,
crisp (real) value is converted into linguistic (fuzzy)
value. In the proposed technique, normalized error
(e = ωref − ωest) and change in error (�e = ek− ek−1)
are the fuzzified inputs. Three fuzzy variables are used
for error {Negative, Zero, Positive} and three fuzzy vari-
ables {Negative, Zero, Positive} are used for change in
error. In the proposed technique, triangular member-
ship function has been used and fuzzy inference system
rules are given in Table 1. Each rule takes two inputs,
errors and changes in error to produce a correspond-
ing change in duty cycle (�D). So the new duty cycle

Table 1. Fuzzy rule base.

Error

Change in duty cycle Negative Zero Positive

Change in error Negative D D I
Zero D Z I
Positive D I I

(Dnew) of PWM signal for the motor driver is given as

Dnew = DPr evious + ΔD (17)

To implement the EKF with FLC-based sensorless
speed control, the following steps are involved:
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Table 2. Transient response comparison.

Controller Rise time (s) Overshoot (%) Settling time (s) Average absolute error

EKF with PID 0.0558 35 0.5 4.57
EKF with TSK-FLC 0.03543 17 0.18 1.5

Figure 8. Simulation results of EKF with PID and EKF with fuzzy at constant load and reference speed 50 rpm.

(1) Assign the initial values of states (motor speed,
armature current) and the values of error covari-
ance P, Q and R.

(2) Predict the next states (motor speed) with the help
of Equations (12) and (13).

(3) Measure the armature current with the help of the
current sensor and correct the predicted state with
the help of Equations (14) and (15). This corrected

state is used as the previous state for state predic-
tion in the next iteration.

(4) Compare the corrected speed (ωest) with the refer-
ence speed (ωref ) and generate the error signal.

(5) Now apply the generated error signal to the TSK-
FLC to generate the appropriate PWM signal.

(6) This PWM signal generates the corresponding
voltage using an H bridge to drive the motor.



344 R. P. TRIPATHI ET AL.

Figure 9. Parametric variation simulation result of EKF with FLC at 25°C (Ra = 2.581�) and 70°C (Ra = 3.045�).
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Figure 10. Simulation results of EKF with PID and EKF with fuzzy at constant load and reference speed 450 rpm.

Figure 11. Block diagram of hardware in loop system design.

(7) Repeat step-2 to step-6 for closed-loop speed con-
trol of the DC motor.

5. Results discussion and experimental
validation

5.1. Simulated result

Sensorless closed-loop speed control of the DC motor
is presented using an EKF with FLC. The closed-loop
speed control performance of the EKF with PID and
EKFwithTSK-FLC at nonlinear load is shown in Figure
7(a). In Figure 7(b), the DC motor armature current
of EKF with PID and EKF with TSK-FLC has shown.
The absolute speed errors of EKF with PID and EKF
with FLC, and speed estimation error are shown in
Figure 7(c). The absolute speed errors are defined as

the Euclidean distance between reference speed and
the corresponding real speed obtained by the corre-
sponding controller. In Figure 7, the motor reference
speed and load torque both are variablewith time. From
Figure 7(a), it can be analyzed that EKF estimates the
motor speed very quickly without using any speed sen-
sor. It also concludes that the EKF with FLC controller
has better reference speed tracking capability in com-
parison with the EKF with PID controller. The time-
domain specifications comparisons for both controllers
are shown in Table 2.

To check the robustness of the EKF-based sensor-
less TSK fuzzy controller, a constant load of 20Nm
is applied at a constant reference speed of 50 rad/sec.
The performance results at constant load are shown in
Figure 8. In Figure 8(a), sensorless closed-loop speed
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Figure 12. Experimental setup of sensorless speed control of DC motor.

Figure 13. Experimental prototype result validation at a constant speed and variable speed.

control performance using EKFwith PID and EKFwith
TSK-FLC is shown. In the perusal of the figure, it can be
observed that EKF with TSK-FLC has better reference
speed tracking capability at constant load also. Figure
8(b, c) shows the comparison of armature current and
absolute speed error performance at a constant speed
and constant load, respectively.

In practical applications, the system parameters are
not known accurately. Therefore, 5% differences are

considered in the real system model and filter param-
eter respectively. In Figures 7 and 8, the effect of change
in load torque at various reference speeds is presented.
In Figure 9 the effect of motor parameter variation is
presented. It is well known, the resistance of motor
armature depends on the temperature of the motor
coil. The resistance of armature is increased by approxi-
mately 16% on increasing the coil temperature by 40°C.
The resistance ofmotor armature is manually increased
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in the simulationmodel of motor to exhibit the effect of
temperature. In this study, the parameters of FLC and
EKF algorithm are not changed. The result presented
in Figure 9 shows that EKF estimated speed changes
slightly on changing the armature resistance but the
closed-loop speed response remains the same, i.e. the
closed-loop speed response using EKF with Fuzzy is
not truly dependent on the armature resistance which
is raised by the temperature of motor coil.

The closed-loop speed control performance of the
EKF with PID and EKF with TSK-FLC at 450 rpm and
constant load has been presented in Figure 10 with-
out changing the controller and EKF parameters. The
result shows that the EKF estimator tracks the refer-
ence speedwith±3% error and the closed speed control
performance using EKF with TSK-FLC is also good but
the closed speed control performance using EKF with
PID exhibit a permanent residual error. All the result
studies show that closed-loop speed sensorless control
performance of EKF with TSK-FLC is better than EKF
with PID in all the cases. The analysis shows that the
EKF estimator performance and EKF with TSK-FLC
performances at high speed are poor in comparison
with low-speed applications. One can get better per-
formance by adjusting the observer covariance matrix
and optimizing the TSK-FLC parameters or by chang-
ing and increasing the membership shape and value,
respectively.

5.2. Experimental setup

Tovalidate the proposedmodel, hardware in loop (HIL)
simulation has been carried out. Figures 11 and 12 rep-
resents the schematic diagram of the HIL simulation
and its experimental setup, respectively. The experi-
mental setup involves four main components. The 12 V
DC motor with a voltage and current sensor (L298N)
motor driver module, Arduino board, and personal
computer (PC). In PC, TSK-FLC and EKF estimator
are present. The voltage across the motor winding and
armature current is sensed by voltage and current sen-
sor. This sensed value has been used to estimate the
speed of the motor in the next iteration by the EKF
estimator. The difference between reference speed and
estimated speed generates the error signal for the con-
troller block. The controller block generates the appro-
priate duty cycle. This duty cycle is applied to PWM
inbuilt Arduino board which generates the PWM sig-
nals for the motor driver to control the speed of DC
motor. To validate the proposed technique, the result
of an experimental prototype has been presented in
Figure 13. From Figure 13, it can be observed that the
tracking of the reference speed is impressive. In light of
the discussion of the above results, it can be concluded
that EKF with TSK-FLC has better time-domain per-
formance and good reference speed tracking ability in
any conditions in comparison with EKF with PID.

6. Conclusion

In this paper, EKF with TSK-FLC and EKF with PID
have been implemented for sensorless speed control of
the DC motor. The EKF is used for speed estimation
and later estimated speed is used by the TSK fuzzy con-
troller for closed-loop speed control. The performance
of both the controller with the EKF observer is com-
pared in similar conditions. The MATLAB/Simulink
and hardware prototype result of EKF with TSK-FLC
shows satisfactory performance compared to EKF with
PID over a wide range of speed and torque changes.
An important component of the proposed technique
is the adaptability of TSK-FLC with an EKF estimator
for sensorless speed control. It shows high robustness
toward parameter variation, improves tracking accu-
racy, reduces absolute error and improves the transient
state performances.
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Appendix. Motor, load and controller
parameter

Varmature = 240V,Vfield = 300V,

Ra = 2.581�, La = 0.028H,

Laf = 0.9483H, J = 0.02215 kgm2,

D = 0.002953Nms,Tf = 0.5161Nm,

m = 5 kg, L = 0.05m, g = 9.81m/s2,

Ts = 10−4 s, kps = 10, kis = 0.5,

kpc = 100, kic = 10, e = [−1, 1],Δe = [−2, 2]

https://doi.org/10.1109/TTE.2021.3093580
https://doi.org/10.1016/j.jestch.2021.09.012

	1. Introduction
	2. DC motor mathematical model
	3. EKF observer
	4. Design and implementation of proposed model
	5. Results discussion and experimental validation
	5.1. Simulated result
	5.2. Experimental setup

	6. Conclusion
	Disclosure statement
	ORCID
	References
	Appendix. Motor, load and controller parameter


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.90
    /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /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 true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


