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Abstract. This work presents a novel dynamic modeling technique to predict the vibration of a 
pipe at different locations. An initial model of the pipe was constructed using experimental 
input-output data and system identification (SysID) techniques. The model derived through SysID 
showed a poor performance in predicting the vibration of the pipeline at locations other than that 
of the output sensor. Improvement of the SysID model was achieved using the Linear Quadratic 
Gaussian (LQG) observer-regulator modeling approach. While the hybrid model, combining both 
SysID and LQG, performed better, its transient response was not accurate. Further improvement 
to the model was achieved by incorporating a two degree of freedom, (2DOF) 
Proportional-Integral-Derivative (PID) to improve transient characteristics of the model. 
Experimental evaluation of the 2DOF PID assisted hybrid model showed good performance that 
far exceeded that of the hybrid model alone. The validity of the proposed approach was 
experimentally verified and the results are presented. 
Keywords: 2DOF PID, Hybrid Dynamic Model, System Identification, LQE, LQR, Pipeline. 

1. Introduction 

Because of their easy integration in software and hardware, and because they are easy to design 
and tune, PID controllers are widely used in chemical process, electrical and dynamic systems 
[1, 2]. 

The performance of a controller is rated according to three criteria: load disturbance rejection, 
set-point response and robustness to model uncertainties in the process [3].  

In conventional PID controllers, the disturbance response and set-point response influence 
each other making it impossible to properly tune both at the same time. On the other hand, 2DOF 
PID controllers do not suffer from such a limitation as disturbance rejection parameters and 
set-point response parameters can be adjusted separately. Araki and Taguchi [4] presented a 
survey of PID controllers performance which included equivalent transformations, described the 
effect of the 2DOF structure and proposed an optimal tuning method. Yukitomo, Shigemasa [5] 
introduced the Model-Driven TDOF PID control system, based on the Model-Driven control 
concept and used the quick responses for both set-point tracking and disturbance regulating 
response to show the effectiveness of the control system. 

2. Improvement of the model 

2.1. Construction of the hybrid model without 2DOF PID 

In the experimental setup shown in Fig. 1 accelerometer (a) is located at the right end of the 
pipe section, accelerometer (b) is located in the middle of the section and accelerometer (c) is 
located at the left of the section. An instrumented hammer applies the excitation force at the right 
end of the pipe. DSpace and its data acquisition system measures the hammer force as well as the 
accelerometer responses. 

The experimental data is utilized in a hardware-in-the-loop format as shown in Fig. 2. to 
produce an optimal estimate of the pipe vibration at any desired location. It should be noted that 
only one accelerometer measurement is used to update the model (i.e., feedback signal), the 
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remaining accelerometers are used for comparison with estimates at corresponding locations.  
The system identification toolbox in MATLAB is utilized to obtain the initial model from raw 

experimental data [6, 7]. Moreover, the initial model is used to construct the hybrid model which 
uses the LQE and LQR techniques to generate optimal estimates of the system’s states such that 
the associated cost functions are minimized. 

 
Fig. 1. Experimental setup 

 
Fig. 2. Schematic of the hybrid model without 2DOF PID 

2.2. Improving the model with 2DOF PID 

A 2DOF PI controller is used to improve the performance of the hybrid model, the general 
block diagram of the PID control system [8] is shown in Fig. 3. 

 
Fig. 3. Block diagram of 2DOF control system 

In the process, ௖ሺsሻܩ ௙௙ሺsሻܩ ,  and G௣ሺsሻ  are transfer functions which are feedback and 
feedforward controllers as shown in Eqs. (1), (2) and (3): 

ሻݏ௖ሺܩ ൌ ݇௖ ൬1 ൅ 1ܶ௜ݏ൰, (1)
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ሻݏ௙௙ሺܩ ൌ ݇௖ ൬ܾ ൅ 1ܶ௜ݏ൰, (2)ܩ௣ሺݏሻ ൌ ݇௣݁ିఛ௦ܶݏ ൅ 1. (3)

Eq. (1) and (2) represent the PI controllers, in Eq. (2) the parameter ܾ has no influence on 
disturbance rejection, while it has a significant influence on the set point response. In Eq. (3) ݇௣, ܶ and ߬ are the process gain, time constant and dead time, respectively. 

 
Fig. 4. Parameter setting panel of 2DOF PID 

The parameter setting panel of 2DOF PID, in Simulink, is shown in Fig. 4. The parameter 
“Derivative (D)” is set to 0, to avoid adding any fictitious damping to the original model. Other 
parameters are properly adjusted to achieve proper tracking of the actual response of the pipeline 
at measurements location. The 2DOF controller is incorporated into the model as shown in Fig. 5. 
It is clear that the model uses feedback from the actual system to generate better estimates of the 
plant (actual pipe) states. The model produced can estimate, with good accuracy, the vibration at 
any location along the span of the pipeline without the need for any physical measurements at that 
location. This makes the proposed approach unique, as it uses minimal feedback measurements to 
yield good estimates at any desired location on the structure. This method can be used for any 
dynamic structure and it is not limited to pipelines only.  

 
Fig. 5. Schematic of improving the Hybrid Model with 2DOF PID 
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3. Simulation results 

Comparison between the estimated response and the actual response using the hybrid model 
without 2DOF PID controller, in the frequency domain, is shown in Fig. 6 (the solid line represents 
the actual response and the dashed line represents the estimated one). It is clear that the model is 
capable of predicting the vibration fairly accurately with minimal discrepancies and exact resonant 
frequencies match. However, the amplitudes at each frequency are not accurate. 

However, applying the 2DOF PID controller shows that the amplitude scaling has a significant 
improvement as shown in Fig. 7. 

 
Fig. 6. Comparison of spectrogram between estimated and actual results  

(middle and right accelerometers) using hybrid model 

 
Fig. 7. Comparison of spectrogram between estimated and actual results  

(middle and right accelerometers) using 2DOF PID 

4. Conclusions 

In this work, a novel approach for modeling a dynamic system using triple components is 
presented. An initial SysID model is constructed from impulse response data of the structure. After 
improvement of the initial model using LQE and LQR, combined LQG technique, it is further 
improved using a 2DOF PID controller. The latter improved the model significantly and its 
accuracy was verified experimentally. The model succeeded in predicting the vibration at any 
location of choice along a pipe with good accuracy. 

Acknowledgement 

Authors acknowledge the support of the Petroleum Institute. 

Frequency (Hz)

 d
Bm

 / 
H

z

 

 

0 100 200 300 400 500
-60

-50

-40

-30

-20

-10

0

10

Estimated response
Actual response

Frequency (Hz)

 d
B

m
 / 

H
z

 

 

0 100 200 300 400 500

-50

-40

-30

-20

-10

0

Estimated response
Actual response

Frequency (Hz)

 d
Bm

 / 
H

z

 

 

0 50 100 150 200 250 300 350 400 450 500

-60

-50

-40

-30

-20

-10

0

10

Estimated response
Actual response

Frequency (Hz)

 d
B

m
 / 

H
z

 

 

0 50 100 150 200 250 300 350 400 450 500

-60

-50

-40

-30

-20

-10

0

Estimated response
Actual response



IMPROVING A PIPELINE HYBRID DYNAMIC MODEL USING 2DOF PID.  
YONGXIANG WANG, A. H. EL-SINAWI, SAMI AINANE 

284 © JVE INTERNATIONAL LTD. VIBROENGINEERING PROCEDIA. OCT 2016, VOL. 8. ISSN 2345-0533  

References 

[1] Visioli A. Fuzzy logic based set-point weight tuning of PID controllers. IEEE Transactions on 
Systems, Man and Cybernetics, Part A: Systems and Humans, Vol. 29, Issue 6, 1999, p. 587-592. 

[2] Kim D. H. Tuning of 2-DOF PID controller by immune algorithm. Proceedings of the 2002 Congress 
on Evolutionary Computation, 2002. 

[3] Nemati H., Bagheri P. A new approach to tune the two-degree-of-freedom (2DOF). IEEE 
International Symposium on Computer-Aided Control System Design (CACSD), 2010. 

[4] Araki M., Taguchi H. Two-degree-of-freedom PID controllers. International Journal of Control, 
Automation, and Systems, Vol. 1, Issue 4, 2003, p. 401-411. 

[5] Yukitomo M., et al. A two degrees of freedom PID control system, its features and applications. 5th 
Asian Control Conference, 2004. 

[6] Ljung L. System Identification Toolbox: User’s Guide. Citeseer, 1995. 
[7] Ljung L. System Identification Toolbox for Use with MATLAB. 2007. 
[8] Åström K. J., Hägglund T. The future of PID control. Control Engineering Practice, Vol. 9, Issue 11, 

2001, p. 1163-1175. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /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 true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth 8
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


