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Abstract. In order to reduce the induction noise of automobile engine, an active control system 

model of engine induction noise is established with the FXLMS algorithm, the off-line 

identification method is used to identify the secondary channel, and the engine speed signal is 

used to construct the sound source reference signal to avoid the interference from secondary 

sources to the reference signal. The influence of filter length and convergence factor on the 

convergence speed and stability of the system is studied by simulation, the average power of the 

noise signal and the error signal is calculated, the noise variation at different engine speeds is 

analyzed, and the noise reduction effect and system stability are evaluated. The results show that 

when the filter order L is 20 and the convergence factor is 0.01, the engine induction noise can 

be effectively reduced, the noise reduction can reach 15dB, and the system stability can be 

improved at the same time. This paper optimizes the convergence factor and the filter order in 

the FXLMS algorithm, and can effectively control the induction noise in the car and improve the 

indoor sound quality of the car. It has important reference significance for practical engineering 

applications. 
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1 Introduction 

While bringing convenience to people, automobiles also bring problems such as environmental noise 

pollution [1-2]. The noise in the car has a great influence on the ride comfort and customer satisfaction of 

the car. People are paying more and more attention to lowering the car noise. Conventional noise 

reduction methods, such as sound insulation, vibration isolation, and muffler, are basically ineffective for 

low-frequency noise control [3]. The active noise control method is effective because of its low frequency 

noise reduction and can be targeted [4-5]. In recent years, with the development of electronic technology, 

active noise control has been widely concerned and discussed by researchers. 

The application of noise active control technology in the cabin in 90s has been widely concerned. 

Lockheed and P.A.Nelson in Nanan University in the United Kingdom have tested the active control of 

aircraft cabin noise respectively, and achieved good reduction effect. It is proved that the noise active 

control technology is in aircraft, ships and cars, etc. the wide prospect of cabin application is [6]. The 

British Lotus motor company applied the active noise control technology to the gas vehicle, and 

obviously reduced the low frequency harmonic order noise of the engine in the vehicle. The roar in the 
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car that corresponds to the harmonic noise of the engine ignition frequency can reduce about 10dB [7]. 

NISSAN Japan has equipped the active noise control system on the vehicle with Blue Bird, which can 

reduce the noise inside the vehicle by about 5~6dB [8]. 

In the past, the study of active noise control in the vehicle has been carried out. The acoustic sensor is 

used to collect the primary source noise signal as a reference signal. The method can easily produce 

sound feedback in the process of controlling the control system and affect the stability of the control 

system. In this paper, a method of constructing the intake noise reference signal with engine speed signal 

is proposed. The experimental study of active noise control through simulation shows that the system is 

simple and easy to be realized, and it can significantly reduce the internal noise caused by the engine 

intake system. 

2 Ease of Use Basic Principle of Active Noise Control 

The idea of active noise control is based on the principle of wave interference in physics. It uses the 

characteristics that the secondary sound source and noise signal have the same amplitude and opposite 

phases, so as to achieve the purpose of eliminating noise. The adaptive algorithm is the core of the 

control system. Whether it is feed forward or feedback, most active noise control systems use LMS 

algorithm and its improved algorithm to adjust the controller weight coefficient. Because of the presence 

of the secondary sound path, the standard LMS algorithm makes the reference signal and the error signal 

unequal in time, resulting in instability of the active noise control system. In this way, adding the weight 

estimate of the secondary acoustic transfer function between the reference signal and the error signal can 

effectively improve the stability of the system, that is, generate a new algorithm--FXLMS algorithm. The 

FXLMS algorithm uses the acoustic path model to filter the reference signal, uses the filtered reference 

signal and the output error of the system to update the filter coefficients, and then corrects the controller. 

There by replacing the acoustic path in actual transmission with the estimated acoustic path [9]. This 

paper adopts feed-forward FXLMS algorithm to study the filter order, convergence factor and noise 

control effect. The structure is shown in Fig. 1. 

    LMS algorithm

Adaptive filter

Engine

 

Fig. 1. Active noise control system model of FXLMS algorithm 

In Fig. 1, k is the sampling time; n  is the engine speed; ( )P k  is the primary noise source; ( )d k  h is 

the output of main channel; ( )x k  is the reference signal; ( )y k  is the drive signal of secondary sound 

source; ( )s k  is the output signal of secondary sound source at the error signal sensor, ( )e k  is the error 

signal; 
1
( )H z , 

2
( )H z  is the transfer function of the primary and secondary channels; 2 ( )H z

∧

 is the 

transfer function of the secondary channel is estimated. 

As we all know, the acoustic transfer function of the single-frequency periodic signal can be obtained 

by the actual measurement method in Fig.1, but the engine rotation speed during the running of the car is 

continuously changed, and the frequency of the single-frequency periodic signal also changes, so it is 

difficult to obtain the transfer function the in Fig. 1. In this paper, the transversal FIR filter of the LMS 

algorithm is used as a modeling filter. Off-line modeling is used to estimate the transfer function in Fig. 1 

in this case, as shown in Fig. 2. 
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Fig. 2. 
2
( )H z  Schematic diagram of offline identification structure 

In Fig. 2, the secondary channel ( )
s

H z  as an untested system or an unknown system, and its output 

( )d k  is expressed as the desired signal identified by the system; white noise x is the excitation signal; 

( )y k  is the output of the secondary channel estimate ( )sH z

∧

; the identification error (k)e  calculated by 

( )d k  and ( )y k  is provided to the LMS algorithm, and the coefficients of ( )sH z

∧

 are adaptively updated. 

If the system converges, ( )sH z

∧

 h can be used as an estimate of the secondary channel ( )
s

H z  h to 

FXLMS algorithm when the system is running long enough to reach a steady state. 

3 The Characteristics of Engine Intake Noise 

The noise of the engine induction system is the main noise source inside and outside the car, and it has a 

significant effect on the noise in the car. Induction noise is generated by the periodic opening and closing 

of the intake valve. When the intake valve opens, a pressure pulse is generated in the intake pipe. As the 

piston moves, this pressure wave is quickly damped; when the intake valve is closed At the same time, a 

pressure pulse is also generated, which is also damped and rapidly disappears. In a working cycle, there 

are two pressure pulses. The two pressure pulses occur periodically and form a periodic noise whose 

frequency is affected by the engine speed and expressed as: 

 ( )
60

i

n z k
f Hz

τ

⋅ ⋅

= . (1) 

In the formula, k  is the number of harmonics; 1, 2, 3..., n  is the engine speed; z  is the number of 

cylinders; z  is the stroke coefficient; four-strokeτ  = 2; two-strokeτ  = 1. 

From formula (1), the engine speed not only affects the noise frequency, but also has a large impact on 

the noise magnitude. For the same engine, the noise is linearly distributed with the speed change. For 

every 1000r/min increase in speed, the noise level increases by about 10 dB. Under normal circumstances, 

when the engine speed is 1000r/min, the inlet noise level is 73dB, and the noise level and speed satisfy: 

 63
100

n
SPL = + . (2) 

According to the definition of sound pressure level SPL, there are: 

 20lg( )e

ref

p
SPL

p
= . (3) 

In the formula, 
e
p  is the sound pressure effective value; refp  is the reference sound pressure, the value 

in the air is 5
2 10 Pa

−

× . 

Formula (2) is substituted into Formula (1) and there is a relationship with speed n: 

 
1.85

20002 10

n

e
p

−

= × . (4) 

According to the quantitative relationship between engine speed and noise frequency and sound 

pressure in formula (1) and formula (4), this paper makes use of engine speed signal to construct a 

reference signal of sound source, and simulates the effect of noise control. 
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4 Simulation 

The noise level of the higher harmonics of the engine intake noise higher than the fourth order is lower 

and can be ignored [10]. The simulation is based on an inline four-cylinder and four-stroke automobile 

engine with a speed of 3000r/min. According to formula (1) and (4), construct reference signal: 

 
1 2

3 4

( ) 0.6sin(2 ) 0.4sin(2 )

0.2sin(2 ) 0.06sin(2 )

x n f t f t

f t f t

π π

π π

= +

+ +

. (5) 

In the formula, 
1
f  = 100Hz, 

2
f  = 200Hz, 

3
f  = 300Hz, 

4
f  = 400Hz. 

In the simulation process, the noise signal is a reference signal plus a random white noise with an 

amplitude of 0.2, ignoring the influence of other factors on the algorithm. The noise signal is: 

 ( ) ( ) 0.2 (1, )P n x n rand N= + . (6) 

Set the primary and secondary acoustic path transfer functions in Fig. 1: 

 

1 2 3 4

1

5 6 7 8 9

H ( ) 0.001 0.005 0.005 0.75 0.5

0.35 0.4 0.2 0.4 0.1

z z z z z

z z z z z

− − − −

− − − − −

= + − + +

− − + + −

. (7) 

 1 2 3 4

2
H ( ) 0.01 0.01 0.09 0.01 0.75z z z z z

− − − −

= + + − − . (8) 

The filter length L and convergence factor in the control algorithm can be used to evaluate the control 

system convergence, stability, and computational complexity. The convergence factor has the most 

obvious effect. The following simulation analysis of the noise control characteristics of the engine during 

operation and the parameters of the filter length and convergence factor are selected for simulation. 

4.1 The Choice of Filter Length 

To explore the effect of filter length L on system performance, choose different L values to investigate 

the error output of the system. Simulation parameters: The main controller convergence factor is 0.005. 

When L chooses 10, 20, and 30, the variation law of the reference signal and secondary signal amplitude 

with time and the error signal with time are discussed. The simulation results are shown in Fig. 3. 

From Fig. 3, we can see that when L is small, the convergence speed is slow, and as L becomes larger, 

the system control accuracy is higher, the steady-state error is reduced, and the convergence speed is 

faster, but at the same time the calculation amount is increased, when the convergence factor is constant, 

When L is large enough, the system will diverge. Considering the cost of calculation and hardware 

implementation, the smaller L is selected when the convergence speed is faster and the steady-state error 

is smaller. Therefore, the filter length L is chosen to be 20 in this paper. 

4.2 Effect of Convergence Factor 

In order to investigate the influence of the convergence factor on the system performance, different 

values are selected to discuss the update status of the system output steady-state error and filter weights. 

Simulation parameters: L is 20, when the convergence factor of the main controller is 0.001, 0.01, 0.02, 

the variation law of the error signal with time and the change rule of the filter weight with time are 

discussed. The simulation results are shown in Fig. 4. 

 

 



Journal of Computers Vol. 32 No. 5, 2021 

207 

0 0.05 0.1 0.15 0.2 0.25

-1

0

1

A
m
p
lit
u
d
e

t/s

 

 

Reference signal Control signal

 

0 0.05 0.1 0.15 0.2 0.25
-1

-0.5

0

0.5

1

A
m
p
lit
u
d
e

t/s  

(a) Reference signal and secondary signal at L = 10 (b) Error signal at L = 10 
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(c) Reference signal and secondary signal at L = 20 (d) Error signal at L = 20 
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(e) Reference signal and secondary signal at L = 30 (f) Error signal at L = 30 

Fig. 3. The variation of amplitude with time 
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(a) Error signal at µ  = 0.001 (b) Filter weight at µ  = 0.001 

Fig. 4. Variation of error and filter weights with time 
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(c) Error signal at µ  = 0.01 (d) Filter weight at µ  = 0.01 

0 0.05 0.1 0.15 0.2 0.25
-2

-1

0

1

2

A
m
p
li
tu
d
e

t/s  

0 0.05 0.1 0.15 0.2 0.25
-0.4

-0.2

0

0.2

0.4

t/s

A
m
p
lit
u
d
e

 

 

W1 W2 W3 W4

(e) Error signal at µ  = 0.02 (f) Filter weight at µ  = 0.02 

Fig. 4. Variation of error and filter weights with time 

From Fig. 4, we can see that when the convergence factor is 0.001, the convergence speed is slow, the 

filter weight tends to be stable, and the error signal is larger; when the convergence factor is 0.01, the 

convergence speed is fast, and the filter weight quickly reaches a steady state, and the error signal is 

small; when the convergence factor is 0.02, the system diverges and the filter weight does not reach a 

steady state. Therefore, as the convergence factor increases, the convergence speed becomes faster, and 

the calculation workload becomes smaller, but the convergence factor is not as large as possible, because 

when the large convergence factor is selected, the steady-state error of the system also becomes large; on 

the contrary, the selection of small Convergence factor can get smaller steady-state error, at the same 

time, it will lead to slower convergence speed and increase calculation workload. From this we can see 

that there is a contradiction between the convergence speed and the steady-state error of the system when 

the convergence factor is fixed. Based on the above factors, the engine speed set according to this article 

is selected as 0.01. 

In order to evaluate the noise reduction effect, calculate the time domain average power values of the 

noise signal and the error signal, denoted as 
1
P 、

2
P . Thus, the amount of noise reduction can be 

expressed as: 

 1

2

20lg
P

E
P

Δ = . (9) 

In this simulation, the set engine speed is 3000r/min, L is selected as 20, µ  is 0.01, and the noise 

reduction value is calculated as 24.8 according to formula (9). Similarly, the values of L and u under 

different rotation speeds are calculated, and the noise reduction values under different rotation speeds are 

obtained, as shown in Table 1. 
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Table 1. Noise reduction at different engine speeds 

1
/ minn r

−

⋅  u  EΔ /dB 

2400 6×10
-2

 25.4 

3000 1×10
-2

 24.8 

3600 1.8×10
-3

 24.3 

4200 2.9×10
-4

 20.9 

4800 5×10
-5

 18.6 

5400 0.9×10
-5

 17.6 

6000 1.6×10
-6

 15.9 

 

From Table 1, it can be seen that L=20, and for every 600 increase in rotation speed, the convergence 

factor is reduced by approximately 6 times. As the rotational speed increases, the amount of noise 

reduction is smaller, so the noise reduction effect at low engine speeds is better than at high rotational 

speeds. 

Acknowledgements 

The filter length L and the convergence factor µ  have an important influence on the control system 

performance. Choosing the appropriate L and µ  can make the system get faster convergence speed and 

smaller steady-state error. 

The noise control system has a significant noise reduction effect on the engine’s low-speed noise, and 

each speed can reduce the noise by more than 15dB. 

This work was supported by the Heilongjiang Provincial Key Laboratory of Underground Engineering 

Technology Open Fund (No. 2019-HXYKF-02). 

References 

[1] K. Magdin, K, V. Mavrin, A. Boyko, Correlation between noise and air pollution from car sources, Proceedings - 

International Conference on Developments in eSystems Engineering, DeSE. Kazan, Russia, (2019) 9073151:812-816.  

[2] S. Liu, Y.-H. Lim, M. Pedersen, J.T. Jorgensen, H. Amini, T. Cole-Hunter, A.J. Mehta, R. So, L.H. Mortensen, R.G.J. 

Westendorp, S. Loft, E.V. Brauner, M. Ketzel, O. Hertel, J. Brandt, S.S. Jensen, J.H. Christensen, T. Sigsgaard, Z.J. 

Andersen, Long-term exposure to ambient air pollution and road traffic noise and asthma incidence in adults: The Danish 

Nurse cohort, Environment International 152(2021) 106464:1-9. 

[3] Y.-S. H, Chief Editor, Automobile Noise Control, Machinery Industry Press, 1999, 08. 

[4] D.-Y. Shi, W.-S. Gan, B. Lam, K. Ooi, Fast Adaptive Active Noise Control Based on Modified Model-Agnostic Meta-

Learning Algorithm, IEEE Signal Processing Letters 28(2021) 593-597. 

[5] D. Chen. Y. Ding, L.-Z. Tan, S.-D. Du, X.-N. Guo, Diagonal-structure adaptive bilinear filters for multichannel active 

noise control of nonlinear noise processes, Mechanical Systems and Signal Processing 143 (2020) 106703:1-13. 

[6] S. Thilagam, P. Karthigaikumar, Implementation of Interior Noise Control System Using Digital Adaptive Filter for On-

Road Car Applications, Wireless Personal Communications (2019) 104:339-356. 

[7] L.-J. Zhang, X. –X. Le, Z.-P. Yu, Research on control methods of car interior noise, Automotive Engineering, 2001. 

[8] X.-L. Han, Active Noise Control in Cabin, Electroacoustic Technology (1999) 2. 

[9] K.-A. Chen, Active Noise Control, Beijing: National Defense Industry Press, 2014. 

[10] Y. Liu, J.-C. Nan, Simulation Implementation of Adaptive Filter Based on LMS Algorithm, Modern Electronic Technology 

19(2008) 74-76. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 false
  /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 false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005b683964da300c9ad86a94002851fa8840002b89d27dda0029300d005d0020005b683964da300c8f3851fa0033003000300064002851fa88400029300d005d00204f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /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 true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9.354330
      /MarksWeight 0.141730
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


