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Abstract—The purpose of this paper is to present the 
performance characteristics of the digital PID based two-
compensator for the dc-dc converter. Authors have already 
presented a fast PD control method, which can reduce the 
influence of the delay time. In this paper, the transient 
characteristics of output voltage are confirmed in the simulation 
when the sampling frequency of the PID control is slowed down. 
As a result, the tendency of the transient characteristics of output 
voltage is revealed. Therefore, the slower sampling frequency of 
PID control can be applied to the dc-dc converter compared with 
the conventional PID control.  

Keywords—switching power supply; dc-dc converter; digital 
control; PID control; fast PD control 

I.  INTRODUCTION 
The increase of the power consumption is caused by the 

wide use of the telecommunication equipment. The energy 
management in such system becomes necessary to save the 
energy. The digital control switching power supply has been 
attracted attention because it has advantages of realizing the 
high performance control [1]-[5]. 

Meanwhile, the digital control has the assignment. There is 
a delay time in the digital control process. The A-D conversion 
time occurs in the A-D converter. Also, processing time occurs 
in the digital controller such as digital signal processor (DSP) 
and field programmable gate array (FPGA). The delay time 
adversely affects the transient response. 

In the previous research, the fast PD control method has 
been presented in [6]-[10]. The PID control is divided into two 
parts, which are the fast PD and the slow PID controllers. The 
sampling frequency for the fast PD control is shorter than the 
switching frequency. The P control requires the high-speed 
sampling in order to compare the desired value with the current 
value. It is related to the transient response directly. The fast D 
control compensates the phase in the high frequency area. The 
calculation result of the fast operation part is updated several 
times in one switching period. The fast PD control method is 
hardly affected by the delay time. Therefore, it is revealed that 
it has the superior performance in transient response compared 
with the conventional PID control method. Although a superior 

transient response of proposed method is shown, the discussion 
about the performance characteristics is necessary. 

This paper presents the performance characteristics of the 
digital PID based two-compensator for dc-dc converter. The 
tendency of transient response of proposed method is revealed 
when the sampling frequency of PID control is changed and the 
capacitance of output smoothing capacitor is changed. These 
characteristics are confirmed in simulation. 

II. OPERATION PRINCIPLE 
Figure 1 illustrates the digitally controlled buck type dc-dc 

converter and the scheme of digital control circuit. In where, Ei 
is an input voltage and eo is an output voltage. L is an energy 
storage reactor, C is an output smoothing capacitor, Tr is a 
main switch, D is a flywheel diode and R is a load. The 
switching frequency fs is equal to 100 kHz. eo is sent to two A-
D converters and converted into the digital values eo1[n] and 
eo2[n]. Each digital value is processed in the fast PD control 
part and the PID control part in parallel. The control calculation 
is carried out and its result is updated by each sampling point. 

 
 
Fig. 1. Digitally controlled buck type dc-dc converter and scheme of 
digital control circuit. 
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The digital value Ton[n] of on time of main switch is 
determined by those calculation results. The PWM generator 
outputs the PWM signal STon depending on Ton[n]. The drive 
circuit shapes STon and drives the main switch. 

A. PID Control 
Figure 2 shows the timing chart of the PID control. The open 
circle denotes the valid sampling point for the PID control. The 
calculation result of the PID control is applied after MPID 
switching periods. MPID denotes a number of switching 
periods between the sampling points in the PID control. 
Usually, MPID is equal to one because the sampling frequency 
fPID_samp for the PID control is set to fs. The PID control 
calculation is carried out each MPIDTs because the sampling 
point for the PID control is obtained only once in MPIDTs. The 
transfer function HPID(s) of the PID control is represented as 
follows: 
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where HP is the proportional gain, HI is the integral gain and 
HD is the differential gain. 2 is the delay time of the PID 
control including the A-D conversion time and the processing 
time. Moreover, each gain is given by 
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where Aeo is the gain of pre-amplifier, GAD2 is the gain of A-
D converter for the PID control, NTs is the resolution of 
DPWM. KP, KI and KD are coefficients of P, I and D controls, 
respectively. TPID_samp is the sampling period of the PID 
control and is equal to MPIDTs. 

B. Fast PD Control 
Figure 3 shows the timing chart of the fast PD control. The 

open square and the closed square denote the valid and the 
invalid sampling point for the fast PD control, respectively. 
MFPD is the number of the sampling point during the 
switching period Ts. mPD means the mPD-th (mPD=1, 2, …, 
MFPD) sampling point during Ts. Though the fast PD control 
calculation is updated each sampling point during Ts, only one 
calculation result using latest sampling point becomes valid to 
turn off the main switch. For example, the second sampling 
point is used for the fast P control in the (n-1)-th switching 
period. Similarly, the second sampling point is used for the fast 
P control in the n-th switching period as shown in Fig. 3. In the 
n-th switching period, the fast D control is calculated using the 
valid sampling point at the n-th switching period and the valid 
sampling point at the (n-1)-th switching period. For example, 
the second sampling point in the (n-1)-th switching period and 
the second sampling point in the n-th switching period are used 
for the fast D control calculation in the n-th switching period as 
depicted in Fig. 3. The sampling frequency fFPD_samp for the 
fast PD control is higher than fs. Therefore, the A-D conversion 
time TAD is suppressed and the fast PD control calculation is 
repeated several times during Ts and its calculation result is 

 
Fig. 2. Timing chart of PID control. 
 

 
Fig. 3. Timing chart of fast PD control. 
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applied immediately. The transfer function HFPD(s) of fast PD 
control is represented as follows: 

 1seFDsHFPHsFPDH , (5) 

where HFP is the proportional gain and HFD is the 
differential gain in the fast PD control. 1 is the delay time of 
fast PD control including the A-D conversion time and the 
processing time. Each gain is given by 
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where GAD1 is the gain of A-D converter for the fast PD 
control. Also, KFP and KFD are coefficients of fast P control 
and fast D control, respectively. TFPD_samp is the period of 
the fast D control and is almost the same as Ts. 

III. PERFORMANCE CHARACTERISTICS 
In this section, the performance characteristics of the dc-dc 
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Fig. 4. Transient characteristics of output voltage, eo, against a number of 
switching periods between sampling points in PID control, MPID: (a) 
convergence time of eo within plus-minus 1% of reference voltage, tcv, (b) 
undershoot of eo, eo_under. 

converter with the proposed method are discussed when MPID 
is varied. Main evaluation items are the undershoot eo_under 
of eo and the convergence time tcv when the output voltage 
converges within plus-minus 1% of the reference voltage Eo* 
in the load transient. Ei and Eo* are 20 V and 10 V, 
respectively. When the main switch is on, the internal loss 
resistance r1 of dc-dc converter is 0.28 . When the main 
switch is off, the internal loss resistance r2 of dc-dc converter 
is 0.32 . The forward voltage drop VD of diode is 0.3 V and 
the reactance of L is 510 H. The step change of the load is 
from 20  to 10  The simulator is PSIM. MFPD is equal to 
10. Control gains are given as follows: HFP = 0.2 (1/V), 
HFD=1.0 ( s/V), HP = 0.05 (1/V), HI = 41 (1/sV), 
HD = 0.5MPID ( s/V). 

Figure 4 illustrates the properties of the proposed method 
in the load transient taking C as a parameter. The vertical axis 
is eo_under or tcv, and the horizontal axis is MPID, 
respectively. As shown in Fig. 4(a), when MPID is set to 4 or 
5 , tcv gets worse. On the other hand, eo_under is almost 
constant against the variation of MPID as shown in Fig. 4(b). 
In the case of the large value of C, MPID can be set to larger  
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Fig. 5. Transient response of output voltage, eo, when output smoothing 
capacitor, C, is equal to 100 F: (a) a number of switching periods between 
sampling points in PID control, MPID, is 1, (b) MPID is 5, and (c) MPID is 
10. 
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value. The transient response of eo is given in Figs. 5 and 6. 
Figure 5 explains the transient response when MPID is equal to 
1, 5 and 10, and C is equal to 100 F. eo_under is 4.2%, 4.3% 
and 4.4%, and tcv is 1.9 ms, 3.3 ms and 1.8 ms. Likewise, 
Figure 6 shows the transient response when MPID is equal to 
10, and C is equal to 200 F, 400 F and 800 F. eo_under is 
3.1%, 2.0% and 1.4%. tcv is 1.1 ms, 0.4 ms and 0.5 ms. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 
Fig. 6. Transient response of output voltage, eo, when a number of 
switching periods between sampling points in PID control, MPID, is 10: (a) 
output smoothing capacitor, C, is equal to 200 :, (b) C is 400 F, and (c) C is 
800 F. 

IV. CONCLUSION 
In this paper, the performance characteristics of the digital 

PID based two-compensator for dc-dc converter is discussed. 
Even if a number of switching periods between the sampling 
points in the PID control becomes larger, the transient 
characteristics are kept excluding MPID = 4 and 5. Therefore, 
the sampling frequency of PID control can be set smaller value 
than conventional PID control by using the proposed method. 
Also, the tendency of the transient response of the proposed 
method is confirmed. 

REFERENCES 
 

[1] H. Peng, A. Prodic, E. Alarcon and D. Maksimovic: "Modeling of 
quantization effects in digitally controlled dc-dc converters," IEEE 
Trans. on Power Electronics, vol. 22, no. 1, pp. 208-215, Jan. 2007. 

[2] G. Zhou and J. Xu: “Digital average current controlled switching dc-dc 
converters with single-edge modulation," IEEE Trans. on Power 
Electronics, vol. 25, No. 3, Mar. 2010. 

[3] S. Guo, Y. Gao, Y. Xu, X. Lin-shi and B. Allard: “Digital PWM 
controller for high-frequency low-power dc-dc switching mode power 
supply,” proc. of IEEE Power Electronics and Motion Control 
Conference, pp. 1340-1346, May 2009. 

[4] J. Morroni, R. Zane and D. Maksimovic: “Design and implementation of 
an adaptive tuning system based on desired phase margin for digitally 
controlled dc–dc converters,” IEEE Trans. on Power Electronics, vol. 24, 
no. 2, pp. 559-564, Feb. 2009. 

[5] T. Fujioto, F. Tabuchi, and T. Yokoyama: "A design of FPGA based 
hardware controller for dc-dc converter using SDRE approsch," IEEE 
International Power Electronics Conference, pp. 1001-1005, June 2010. 

[6] F. Kurokawa, Y. Maeda, Y. Shibata, H. Maruta, T. Takahashi, K. 
Bansho, T.Tanaka and K. Hirose: “A new fast-response digital control 
process for switching power supply,” Trans. on ELECTROMOTION, 17, 
pp. 220-225, May 2010. 

[7] F. Kurokawa, R. Yoshida Y. Maeda, T. Takahashi, K. Bansho, T.Tanaka 
and K. Hirose: “A novel A-D conversion for digital control switching 
power supply,” proc. of IEEE Energy Conversion Congress and Expo, 
pp. 1302-1306, Sept. 2011. 

[8] F. Kurokawa, R. Yoshida and Y. Furukawa, “Digital Fast P Slow ID 
control dc-dc converter in different resolutions,” Trans. IEEE Industry 
Applications, vol.51, no.1, pp. 353-361, Jan./Feb. 2015. 

[9] F.Kurokawa and R. Yoshida: “A new improved fast digital PID control 
dc-dc converter using a complementing low-resolution fast A-D 
converter,” proc. of IEEE International Conference on Renewable 
Energy Research and Applications, pp. 1-4, Nov. 2012. 

[10] F. Kurokawa and Y. Furukawa, “High performance digital control 
switching power supply,” proc. of International Power Electronics and 
Motion Control Conference and Exposition, pp. 1378-1383, Sept. 2014. 

 

10

11

10.5

9.5

9
0 1510 205

t (ms)

e o
(V

)

tcv : 1.0 ms

eo_under : 3.1%

10

11

10.5

9.5

9
0 1510 205

t (ms)

e o
(V

)

tcv : 0.4 ms

eo_under : 2.0%

10

11

10.5

9.5

9
0 1510 205

t (ms)

e o
(V

)

tcv : 0.5 ms

eo_under : 1.4%



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


