
16.060 Lecture 2

Introduction to Feedback Control


Karen Willcox 

September 4, 2003 

Today’s Topics 

1. Classification of control systems 

2. Open-loop and closed-loop control 

3. Standard block diagrams 

4. Tools of the trade 

Reading: 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7 to the top of page 14. 
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1 Classification of control systems (vdv 1.2) 

1.1 Regulator systems 

The output must be held as close as possible to a desired value. 

Examples: 

•


•


•


1.2 Servomechanisms 

The input varies and the output must be made to follow as closely as possible. 

Examples: 

•


•


•


2




If we take a closer look, control systems can be classified as follows: 

1. 

2. 

3. 

4. 

5. 

6. 
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2 Open-loop and closed-loop control (vdv 1.3) 

2.1 Open-loop control 

Example 1: an electric toaster 

-the output, c, is the shade of the toast 

-we want to realize a constant output 

-we do this by choosing a setting on a mechanical timer 

-this setting is the system input, or  reference shade, r 

This is not a high performance system. A system error, e = r − c will 

develop because of: 

1. Disturbances acting on the system, e.g.: 

2. Parameter variations of the system, e.g.: 
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Example 2: pilot roll control of an airplane 

The dynamics of the situation are as follows: 

• change of heading: requires a horizontal force 

• tip lift vector: requires angular acceleration 

• create roll moment: ailerons change camber 

• move ailerons by displacing control wheel 

We derive a linearized model to get the appropriate differential equa-

tion. Note: if you are uncomfortable with the concept of linearization, check 

out http://web.mit.edu/aa-math for a revision. This is a math concept that 

you will see often throughout this class! 

δ is the angle of flap deflection. 

φ is the roll angle. 
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Equations of motion:


How does the pilot know when to remove δ? 

S/he could practice and develop a time-displacement profile for the con-

trol wheel, but what about: 

• disturbances, e.g. a wind gust 

• parameter variations, e.g. change of altitude


The solution is to use closed-loop control . . .


6




2.2 Closed-loop control 

The pilot could observe the roll angle with respect to the horizon and compare 

the observed angle with the desired angle, i.e. compare the error between 

the output and the reference input. 

Let’s draw a block diagram to show what is going on: 

But what happens if we fly into a cloud?


We lose the feedback!


So let’s replace the pilot with a roll angle measuring system:
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Figure 1: Roll angle measuring system. 

• Comparator: 

• Error: 

• Feedback loop: 
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3	 Standard block diagram of a feedback con-

trol system (vdv 1.3) disturbance 
d 

lle 
c r 

+ 
-

contro er plant or 
process 

power 
amplifier 

sensor 

error 
output input 

actuator 

Figure 2: Standard block diagram. 

Points of interest: 

1. 

2. 

3. 

4. 
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4 Tools of the trade 

4.1 Linearized dynamic models (vdv 1.5) 

Most physical systems are nonlinear. However, we can come up with linear 

models by linearizing the nonlinear equations about a particular operating 

point. You will need to use this concept in the labs. Homework drills should 

help you remember how it works. 

4.2 Laplace transforms (vdv 1.6) 

If you need to, go over the material you learned in Unified. There will be 

plenty of opportunity to practice this semester! 
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4.3 Transfer functions (vdv 1.7) 

The transfer function of a system is the ratio of the Laplace transforms of 

its output and input, assuming zero initial conditions. 

output input 
(sub)system c(t)r(t) 

G(s)R(s) C(s) 

Figure 3: System input/output relationships. 

C(s) = (1) 

R(s) = (2) 

G(s) = (3) 
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4.4 Block diagrams (vdv 1.7) 

”A topological arrangement of blocks showing cause and effect relationships.” 

des

ller ificontro ampl er motor

ired controller applied 
output output fieldmotor + error 
motor voltage voltage position 

- position 

Functional block diagram 

E C+ 

-

ller ifi

Vc EfR 

contro ampl er motor 

Mathematical block diagram 

Figure 4: Forms of block diagrams using the motor position servo of vdv Fig. 

3.9. 
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Let us consider a simplified version of Figure 1.3 with no disturbance:


Write down the relationship for each block: 

Then we get to the closed-loop transfer function: 

This is a very important equation that you will be seeing a lot over the 

semester. 
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4.5 The s-plane 

You saw part of this in Unified. We will skip this part of the text for now 

and return in Lecture 8. 

14




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


