
Sampling	
  (in	
  +me)	
  

(subop+mal	
  interpola+on)	
  
THIRD PART

<latexit sha1_base64="zGyUCOjAdR8IF7ULwf0KyJ1/3a8="></latexit>



Summary:	
  From	
  x(t)	
  to	
  x[n]	
  and	
  back…	
  
•  Complete	
  scheme	
  studied	
  so	
  far:	
  

•  	
  If	
  we	
  sa+sfy	
  the	
  Nyquist	
  condi+on:	
  

•  Nyquist	
  condi+on:	
  	
  	
  

deltas	
  con+nuas	
  
A	
  

deltas	
  discretas	
  

deltas	
  discretas	
  
A	
  

deltas	
  con+nuas	
  

Filtro	
  inter-­‐
polador	
  

From discrete to

continuous deltas

<latexit sha1_base64="Lw0wCPRAKrYm1jXuQDFXVLJGLCA="></latexit>

FILTER
H(!), h(t)

<latexit sha1_base64="InzN/BI/8P6yz84LW1X5sSGDuA8="></latexit>

From continuous

to discrete deltas

<latexit sha1_base64="2KwKoZnQaGdIbnJXRqWUFxl/s6c="></latexit>

xr(t) = x(t) !!!!!

<latexit sha1_base64="5sWxtcEfo05Fqt4h5ebz1w58buw="></latexit>

or equivalently:

<latexit sha1_base64="Vkt5ZiuNrj2mK3BowbQOzPL3EA8="></latexit>

!s � 2W

<latexit sha1_base64="uvp2Q1/4ljmpVZk6X8MTkw0rLnM="></latexit>

T  ⇡

W

<latexit sha1_base64="EyS754sJFaTUDEygB7ZGG7Cui7E="></latexit>



Ideal	
  Filter	
  -­‐	
  Ideal	
  interpola=on	
  

RECALL:	
  

H(!)

<latexit sha1_base64="Me5H1nycBL2MxI5j0SUwy98sLX8="></latexit>

Sinc/	
  “octopus”	
  /	
  
“pulpo”	
  

H(!)

<latexit sha1_base64="SQ8RAMhENDI9oqQhxl9sJX+0jtQ="></latexit>

=1	
  



Ideal	
  Filter	
  -­‐	
  Ideal	
  interpola=on	
  
In	
  frequency:	
  

X(!)

<latexit sha1_base64="zTrm+6o/4ePy4McAZym5GGKV950="></latexit>

Xp(!)

<latexit sha1_base64="sgAyra3LeZ9tpmsOUc4flJbVI2U="></latexit>

We can recover perfectly the signal x(t) !!

<latexit sha1_base64="g0r8wBcpEb8/JsZdbzk3DAxcwLo="></latexit>

If	
  we	
  sa=sfy	
  Nyquist:	
  

X(!) = H(!)Xp(!)

<latexit sha1_base64="/P1fBxerOdeMPVHD1z12hUv09uc="></latexit>

H(!)

<latexit sha1_base64="Me5H1nycBL2MxI5j0SUwy98sLX8="></latexit>

lucamartino
Text Box
Recall that we are plotting the module of the FTs



Ideal	
  Filter	
  -­‐	
  Ideal	
  interpola=on	
  

=1	
  

xr(t) = xp(t) ⇤ h(t)

<latexit sha1_base64="XcqH1tziSm4NmtKB1mgL05uo/EY="></latexit>

RECOVERED SIGNAL

<latexit sha1_base64="LFSp5cXsDQsrk1wxuCG03KwVJYw="></latexit>

If	
  we	
  sa=sfy	
  Nyquist:	
  

xr(t) = x(t) !!!!!

<latexit sha1_base64="5sWxtcEfo05Fqt4h5ebz1w58buw="></latexit>

In	
  TIME:	
  



Ideal	
  Filter	
  -­‐	
  Ideal	
  interpola=on	
  
Why	
  ideal?	
  

H(!)

<latexit sha1_base64="SQ8RAMhENDI9oqQhxl9sJX+0jtQ="></latexit>

=1	
  

Infinite	
  slopes	
  
Infinite	
  temporal	
  length	
  

Difficult	
  (impossible)	
  prac=cal	
  implementa=on	
  
(good	
  approxima=ons	
  are	
  very	
  costly)	
  



What	
  is	
  an	
  INTERPOLATOR	
  ?	
  

Then,	
  in	
  any	
  case	
  we	
  have:	
  

h(0) = 1

<latexit sha1_base64="ZlUcP6K0YRXhBi0NpLwDbxf9W7M="></latexit>

h(t� nT )
���
t=nT

= h(nT � nT ) = 1

<latexit sha1_base64="UJZcCTUdcRYSplTnE2LJbi6GIkA="></latexit>

xr(nT ) = x[n] = x(nT )

<latexit sha1_base64="cqeO1kFoIbDXOna3VJVdDs/7Nnk="></latexit>

x(T )

<latexit sha1_base64="aQ4K+ahQGLUQTD60riIgdrlNsQo="></latexit>

x(0)

<latexit sha1_base64="W1mbN1VtWO7tls8QmAmxOLImuWY="></latexit>

x(2T )

<latexit sha1_base64="Doai6Bk0WvAcbsDHJ1Fd9Y7g8E4="></latexit>

x(3T )

<latexit sha1_base64="ZamWMnbOxs1nSpIz22NoI/emjA4="></latexit>

t

<latexit sha1_base64="pYnIXjvUN/7yG2kBRHTvc/lR+A4="></latexit>

xr(t)

<latexit sha1_base64="I9kWtJ6yUtcwqxK3hTTh+KZLGmA="></latexit>

INTERPOLATION:	
  
(at	
  least)	
  at	
  t=nT	
  we	
  have	
  a	
  
perfect	
  reconstruc=on	
  (we	
  use	
  
x[n]).	
  

xr(t) = xp(t) ⇤ h(t)

<latexit sha1_base64="XcqH1tziSm4NmtKB1mgL05uo/EY="></latexit>

It	
  is	
  a	
  filter	
  such	
  that:	
  



Subop=mal	
  interpola=on	
  



Subop=mal	
  interpola=on	
  

deltas	
  con+nuas	
  
A	
  

deltas	
  discretas	
  

deltas	
  discretas	
  
A	
  

deltas	
  con+nuas	
  

Filtro	
  inter-­‐
polador	
  

From discrete to

continuous deltas

<latexit sha1_base64="Lw0wCPRAKrYm1jXuQDFXVLJGLCA="></latexit>

FILTER
H(!), h(t)

<latexit sha1_base64="InzN/BI/8P6yz84LW1X5sSGDuA8="></latexit>

From continuous

to discrete deltas

<latexit sha1_base64="2KwKoZnQaGdIbnJXRqWUFxl/s6c="></latexit>

We	
  change	
  this	
  filter:	
  
Using	
  a	
  non-­‐ideal	
  one	
  



Zero-­‐order	
  interpolator	
  
(piecewise	
  constant)	
  	
  

A	
  rectangle:	
  but	
  in	
  TIME	
  !	
  
A	
  sinc	
  func=on	
  in	
  FREQUENCY	
  !!	
  

x0(t) = xp(t) ⇤ h0(t)

<latexit sha1_base64="+nEEIWCOBcC4uyF+UBnOSjB/OUY="></latexit>

	
  finite	
  temporal	
  length!	
  	
  

but	
  an	
  infinite	
  length	
  response	
  in	
  
frequency	
  !	
  	
  



RECALL:	
  
Fourier	
  Trasform	
  of	
  a	
  rectangle	
  

X(!) = AT sinc(!T/2)e�j!t0

<latexit sha1_base64="GF+/YdpuJUFZ6uEPt3m5TkbGdd0="></latexit>

= AT
sin(!T/2)

!T/2
e�j!t0 = 2A

sin(! T
2 )

!
e�j!t0

<latexit sha1_base64="L47Cz/kQZzWYD+umPesAQrAKsTI="></latexit>

x(t) = A rect
✓

t� t0

T

◆

<latexit sha1_base64="DR9ANSo660h7tUQxUOyB0mP+Q58="></latexit>

=

<latexit sha1_base64="JNBsfxrr7jZOJSNJ/qV8DuLKDSQ="></latexit>

{

<latexit sha1_base64="XL0AIHgp8LbfpXK5JcY+qvq1B+A="></latexit>

A for |t� t0| <
T

2

0 otherwise

<latexit sha1_base64="Ku21ENZflPp0EObfk7yZoIwxTNg="></latexit>

t

<latexit sha1_base64="WPfjfXnUw+VnJOu7KJFwZg9StFE="></latexit>

A

<latexit sha1_base64="DeyKChWpjR/LnJtS5IZ+2WHy/rw="></latexit>

t0

<latexit sha1_base64="ABy6IqZcii1aXVKqHmkGFJx8I90="></latexit>

t0 �
T

2

<latexit sha1_base64="mry5FoOouEHpy0FPb8DJLmZlrAs="></latexit>

t0 +
T

2

<latexit sha1_base64="W/0Dis8Z2nntjddGpnggAdt9jYA="></latexit>

In	
  this	
  figure	
  	
  
t0 > 0

<latexit sha1_base64="G9DI9VayrVGjhd6Y5nGVUH2YXOk="></latexit>



Zero-­‐order	
  interpolator	
  

12	
  

TIME	
  DOMAIN	
   FREQUENCY	
  DOMAIN	
  

X(!)

<latexit sha1_base64="MurjHwgHuc4Dwvfc/Lt3j1t/Zd0="></latexit>

Xp(!)

<latexit sha1_base64="I/RwK5EZX2Kqw38NXpl4hIumS7E="></latexit>

H0(!)

<latexit sha1_base64="ljCI/v2/voYJEbNxeq7uC81eZFQ="></latexit>

x0(t) = xp(t) ⇤ h0(t)

<latexit sha1_base64="uQMCwhE2koLI8Yh1FDoVTHUWSe4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyxCdVESqehGKbhxWcE+oA1hMp20QyeTMDOR1lD8FTcuFHHrf7jzb5ymXWjrgWHOnHMv987xY0alsu1vI7e0vLK6ll8vbGxube+Yu3sNGSUCkzqOWCRaPpKEUU7qiipGWrEgKPQZafqDm4nffCBC0ojfq1FM3BD1OA0oRkpLnnkw9OySOrkaerG+TvvZyzOLdtnOYC0SZ0aKMEPNM7863QgnIeEKMyRl27Fj5aZIKIoZGRc6iSQxwgPUI21NOQqJdNNs+7F1rJWuFURCH66sTP3dkaJQylHo68oQqb6c9ybif147UcGlm1IeJ4pwPB0UJMxSkTWJwupSQbBiI00QFlTvauE+EggrHVhBh+DMf3mRNM7KTqV8flcpVq9nceThEI6gBA5cQBVuoQZ1wPAIz/AKb8aT8WK8Gx/T0pwx69mHPzA+fwC06JNy</latexit>

Piecewise	
  constant	
  !	
  
more	
  precisely	
  it	
  
should	
  be	
  the	
  	
  
module	
  	
  	
  	
  

X0(!) = Xp(!)H0(!)

<latexit sha1_base64="KFhCaMYFSiqAk3XU9L4JiHCdcIE=">AAACC3icbZDNSgMxFIUz9a/Wv1GXbkKLUDdlRiq6UQpuuqxg24F2GDJp2oZmkiHJCGXo3o2v4saFIm59AXe+jWk7orYeCHycey8394Qxo0o7zqeVW1ldW9/Ibxa2tnd29+z9g5YSicSkiQUT0guRIoxy0tRUM+LFkqAoZKQdjq6n9fYdkYoKfqvHMfEjNOC0TzHSxgrsohc45a6IyACdXHpB/M31HzuwS07FmQkug5tBCWRqBPZHtydwEhGuMUNKdVwn1n6KpKaYkUmhmygSIzxCA9IxyFFElJ/ObpnAY+P0YF9I87iGM/f3RIoipcZRaDojpIdqsTY1/6t1Et2/8FPK40QTjueL+gmDWsBpMLBHJcGajQ0gLKn5K8RDJBHWJr6CCcFdPHkZWqcVt1o5u6mWaldZHHlwBIqgDFxwDmqgDhqgCTC4B4/gGbxYD9aT9Wq9zVtzVjZzCP7Iev8CPzCZRw==</latexit>



Zero-­‐order	
  interpolator	
  

H0(!)

<latexit sha1_base64="ljCI/v2/voYJEbNxeq7uC81eZFQ="></latexit>

Xp(!)

<latexit sha1_base64="I/RwK5EZX2Kqw38NXpl4hIumS7E="></latexit>

X0(!)

<latexit sha1_base64="g90HSZUflll65d6EF4ooa1Vv0Ik=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJVHRZdOOygn1AE8JketMOnTyYmQglFDf+ihsXirj1K9z5N07TLLT1wIXDOffOnXv8hDOpLOvbKK2srq1vlDcrW9s7u3vm/kFHxqmg0KYxj0XPJxI4i6CtmOLQSwSQ0OfQ9cc3M7/7AEKyOLpXkwTckAwjFjBKlJY88yhz8kcyn6cw7XlWzYlDGJKzqWdWrbqVAy8TuyBVVKDlmV/OIKZpCJGinEjZt61EuRkRilEO04qTSkgIHZMh9DWNSAjSzfLtU3yqlQEOYqErUjhXf09kJJRyEvq6MyRqJBe9mfif109VcOVmLEpSBRGdLwpSjlWMZ3ngARNAFZ9oQqhg+q+YjoggVOnUKjoEe/HkZdI5r9uN+sVdo9q8LuIoo2N0gmrIRpeoiW5RC7URRY/oGb2iN+PJeDHejY95a8koZg7RHxifP0y+l10=</latexit>

	
  NO	
  perfect	
  reconstruc=on:	
  some	
  high-­‐frequencies	
  are	
  included	
  
(“distor=on”),	
  	
  	
  that	
  are	
  not	
  contained	
  in	
  the	
  original	
  signal	
  x(t)	
  	
  	
  

	
  infinite	
  length	
  
response	
  in	
  frequency	
  !	
  	
  

6= X(!)

<latexit sha1_base64="5c73h7Q3eoeaRdtJS4w15Z0JeeY=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BItQL2VXKnosevFYwX5Au5ZsOtuGZpM1ySpl6f/w4kERr/4Xb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2DppaJotCgkkvVDogGzgQ0DDMc2rECEgUcWsHoeuq3HkFpJsWdGcfgR2QgWMgoMVa67wp4wO1yV0YwIKe9YsmtuDPgZeJlpIQy1HvFr25f0iQCYSgnWnc8NzZ+SpRhlMOk0E00xISOyAA6lgoSgfbT2dUTfGKVPg6lsiUMnqm/J1ISaT2OAtsZETPUi95U/M/rJCa89FMm4sSAoPNFYcKxkXgaAe4zBdTwsSWEKmZvxXRIFKHGBlWwIXiLLy+T5lnFq1bOb6ul2lUWRx4doWNURh66QDV0g+qogShS6Bm9ojfnyXlx3p2PeWvOyWYO0R84nz970pHc</latexit>

Recall	
  that,	
  in	
  general,	
  the	
  FT	
  
takes	
  complex	
  values	
  (then,	
  
e.g.,	
  in	
  that	
  case,	
  we	
  represent	
  
the	
  module)	
  	
  	
  



Zero-­‐order	
  	
  
Nearest-­‐Neighbor	
  interpolator	
  

If	
  instead	
  of	
  	
   We	
  use	
  	
  

t

<latexit sha1_base64="WPfjfXnUw+VnJOu7KJFwZg9StFE="></latexit>

1

<latexit sha1_base64="3qg7M2gLr8p8oESTKjxcYmGmiRQ="></latexit>

T

2

<latexit sha1_base64="+VQ8AxGgeMbqawPWp91ciz5qJLE="></latexit>

�T

2

<latexit sha1_base64="ZsgF6lD9jF2Oqf7yB4mMYuy1C84="></latexit>

h0(t)

<latexit sha1_base64="YRHjCs/9R9wS9ypF4qKW/YIB8Bs="></latexit>

	
  1)	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  real	
  (no	
  complex);	
  is	
  directly	
  the	
  sinc	
  func=on	
  (without	
  mul=plying	
  
for	
  complex	
  exponen=als	
  )	
  
2)	
  We	
  obtain	
  a	
  Nearest-­‐Neighbor	
  interpolator	
  !	
  

H0(!)

<latexit sha1_base64="CLoHjT75j9hn35PaOT2C3winkWc="></latexit>

0

<latexit sha1_base64="sKuP7lVRctS72AzitH9yioWYWGo="></latexit>

T

<latexit sha1_base64="nWrh2MjeHda5HR5KLrgm2o4/9pQ="></latexit>

�T

<latexit sha1_base64="TE2cr1QDdjZZpyMJ0HrEc3TFT9c="></latexit>

x0(t)

<latexit sha1_base64="HZeLRCSorzC9aYFUaoH5vTr8Cn4="></latexit>

t

<latexit sha1_base64="LzTAu9WCcDJRCYEFeQIfjlB4dS8="></latexit>



First-­‐order	
  interpolator	
  

Piecewise	
  linear	
  
interpolator	
  !	
  

Time	
  
Domain	
   Interpolator	
  	
  

Matlab	
  uses	
  this	
  interpolator	
  in	
  its	
  plots	
  (for	
  default).	
  

x1(t)

<latexit sha1_base64="o5i36RPG2H1QAo6pAMr12dyfEiU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJexKRL0FvHiMYB6QhDA7mU3GzM4uM71iWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dfiyFQdf9dlZW19Y3NnNb+e2d3b39wsFhw0SJZrzOIhnplk8Nl0LxOgqUvBVrTkNf8qY/upn6zUeujYjUPY5j3g3pQIlAMIpWajz1vBKe9QpFt+zOQJaJl5EiZKj1Cl+dfsSSkCtkkhrT9twYuynVKJjkk3wnMTymbEQHvG2poiE33XR27YScWqVPgkjbUkhm6u+JlIbGjEPfdoYUh2bRm4r/ee0Eg6tuKlScIFdsvihIJMGITF8nfaE5Qzm2hDIt7K2EDammDG1AeRuCt/jyMmmcl71K+eKuUqxeZ3Hk4BhOoAQeXEIVbqEGdWDwAM/wCm9O5Lw4787HvHXFyWaO4A+czx+o0I6C</latexit>



First-­‐order	
  interpolator	
  

x1(t)

<latexit sha1_base64="F/zKmiA6xQ5GZ1zgMPZtewXdeu8=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBDiJexKRE8S8OIxgnlAEsLsZDYZMzu7zPSKYck/ePGgiFf/x5t/4yTZgyYWNBRV3XR3+bEUBl3321lZXVvf2Mxt5bd3dvf2CweHDRMlmvE6i2SkWz41XArF6yhQ8lasOQ19yZv+6GbqNx+5NiJS9ziOeTekAyUCwShaqfHU80p41isU3bI7A1kmXkaKkKHWK3x1+hFLQq6QSWpM23Nj7KZUo2CST/KdxPCYshEd8LaliobcdNPZtRNyapU+CSJtSyGZqb8nUhoaMw592xlSHJpFbyr+57UTDK66qVBxglyx+aIgkQQjMn2d9IXmDOXYEsq0sLcSNqSaMrQB5W0I3uLLy6RxXvYq5Yu7SrF6ncWRg2M4gRJ4cAlVuIUa1IHBAzzDK7w5kfPivDsf89YVJ5s5gj9wPn8AqlGOhw==</latexit>

Triangular	
  filter	
  in	
  =me	
  -­‐	
  h(t)	
  
A	
  squared	
  sinc	
  (squared	
  “octopus”)	
  in	
  
frequency	
  !	
  

x1(t) = xp(t) ⇤ h(t)

<latexit sha1_base64="qnzhi3I/EN5UpwuoMxpAoADjLqA=">AAAB+3icbVDLSgMxFM3UV62vsS7dBItQXZQZqehGKLpxWcE+oB2GTJppQzOZIbkjLaW/4saFIm79EXf+jWk7C209kNzDOfeSmxMkgmtwnG8rt7a+sbmV3y7s7O7tH9iHxaaOU0VZg8YiVu2AaCa4ZA3gIFg7UYxEgWCtYHg381tPTGkey0cYJ8yLSF/ykFMCRvLt4sh3y3B2M/ITU84H5vLtklNx5sCrxM1ICWWo+/ZXtxfTNGISqCBad1wnAW9CFHAq2LTQTTVLCB2SPusYKknEtDeZ7z7Fp0bp4TBW5kjAc/X3xIREWo+jwHRGBAZ62ZuJ/3mdFMJrb8JlkgKTdPFQmAoMMZ4FgXtcMQpibAihiptdMR0QRSiYuAomBHf5y6ukeVFxq5XLh2qpdpvFkUfH6ASVkYuuUA3dozpqIIpG6Bm9ojdrar1Y79bHojVnZTNH6A+szx+JPpLU</latexit>

Convolu=on	
  with	
  a	
  triangular	
  func=on	
  of	
  length	
  2T	
  



First-­‐order	
  interpolator	
  

x1(1.4T) = 0.6·a+0.4·b 

x1(t) = xp(t) ⇤ h(t)

<latexit sha1_base64="qnzhi3I/EN5UpwuoMxpAoADjLqA=">AAAB+3icbVDLSgMxFM3UV62vsS7dBItQXZQZqehGKLpxWcE+oB2GTJppQzOZIbkjLaW/4saFIm79EXf+jWk7C209kNzDOfeSmxMkgmtwnG8rt7a+sbmV3y7s7O7tH9iHxaaOU0VZg8YiVu2AaCa4ZA3gIFg7UYxEgWCtYHg381tPTGkey0cYJ8yLSF/ykFMCRvLt4sh3y3B2M/ITU84H5vLtklNx5sCrxM1ICWWo+/ZXtxfTNGISqCBad1wnAW9CFHAq2LTQTTVLCB2SPusYKknEtDeZ7z7Fp0bp4TBW5kjAc/X3xIREWo+jwHRGBAZ62ZuJ/3mdFMJrb8JlkgKTdPFQmAoMMZ4FgXtcMQpibAihiptdMR0QRSiYuAomBHf5y6ukeVFxq5XLh2qpdpvFkUfH6ASVkYuuUA3dozpqIIpG6Bm9ojdrar1Y79bHojVnZTNH6A+szx+JPpLU</latexit>

Convolu=on	
  with	
  a	
  triangular	
  func=on	
  of	
  length	
  2T	
  

   T                            2T 

a 
b 

x1(t)

<latexit sha1_base64="LPj43iuehbIKRyo4SkyqQyiMLrg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5JIRVdScOOygn1AG8JkMm2HTh7M3Ig1BH/FjQtF3Pof7vwbp2kW2nrgwuGce+fOPV4suALL+jaWlldW19ZLG+XNre2dXXNvv62iRFLWopGIZNcjigkeshZwEKwbS0YCT7CON76e+p17JhWPwjuYxMwJyDDkA04JaMk1D9N+/kgqmZ/hB9euwmnmmhWrZuXAi8QuSAUVaLrmV9+PaBKwEKggSvVsKwYnJRI4FSwr9xPFYkLHZMh6moYkYMpJ88UZPtGKjweR1BUCztXfEykJlJoEnu4MCIzUvDcV//N6CQwunZSHcQIspLNFg0RgiPA0CuxzySiIiSaESq7/iumISEJBB1bWIdjzJy+S9lnNrtfOb+uVxlURRwkdoWNURTa6QA10g5qohSh6RM/oFb0ZT8aL8W58zFqXjGLmAP2B8fkDMSiVCg==</latexit>

t

<latexit sha1_base64="4cnAkOUsSpfXk+/DIRzghMzptCw=">AAACAHicbVDLSsNAFJ34rPFVdeHCzWAp1E1JpKLuCm5cVrAPaEuYTCbt0MkkzNyIJWTjr7hxoYhbP8Odf+P0sdDWAxcO59w7d+7xE8E1OM63tbK6tr6xWdiyt3d29/aLB4ctHaeKsiaNRaw6PtFMcMmawEGwTqIYiXzB2v7oZuK3H5jSPJb3ME5YPyIDyUNOCRjJKx6DXc5603cyxYIcP3puBc5yr1hyqs4UeJm4c1JCczS84lcviGkaMQlUEK27rpNAPyMKOBUst3upZgmhIzJgXUMliZjuZ9PFOS4bJcBhrExJwFP190RGIq3HkW86IwJDvehNxP+8bgrhVT/jMkmBSTpbFKYCQ4wnaeCAK0ZBjA0hVHHzV0yHRBEKJjPbhOAunrxMWudVt1a9uKuV6tfzOAroBJ2iCnLRJaqjW9RATURRjp7RK3qznqwX6936mLWuWPOZI/QH1ucPo/GVxg==</latexit>

	
  Linear	
  combina=on	
  of	
  two	
  pieces	
  of	
  two	
  
triangles	
  during	
  the	
  convolu=on	
  

And	
  the	
  value	
  of	
  the	
  signal	
  at	
  
t=rT with r>=1 and r<=2?	
  

x1(t) = (2� r)a + (r � 1)b

<latexit sha1_base64="E5kXYdWUu9Bt7YZ67U0NC609OyM="></latexit>

What	
  is	
  the	
  value	
  of	
  the	
  signal	
  at	
  t=1.4T ?	
  



Triangle	
  as	
  convolu=on	
  	
  
of	
  two	
  rectangles	
  

RECALL:	
  

t

<latexit sha1_base64="WPfjfXnUw+VnJOu7KJFwZg9StFE="></latexit>

T

2

<latexit sha1_base64="+VQ8AxGgeMbqawPWp91ciz5qJLE="></latexit>

�T

2

<latexit sha1_base64="ZsgF6lD9jF2Oqf7yB4mMYuy1C84="></latexit>

1/T

<latexit sha1_base64="tAMUp4IotpOwH1HTX0NU7jooS4U="></latexit>

t

<latexit sha1_base64="WPfjfXnUw+VnJOu7KJFwZg9StFE="></latexit>

T

2

<latexit sha1_base64="+VQ8AxGgeMbqawPWp91ciz5qJLE="></latexit>

�T

2

<latexit sha1_base64="ZsgF6lD9jF2Oqf7yB4mMYuy1C84="></latexit>

1/T

<latexit sha1_base64="tAMUp4IotpOwH1HTX0NU7jooS4U="></latexit>

⇤

<latexit sha1_base64="55s6Q7vp1pg8cAkuwD6CgH1sVKE="></latexit>

=

<latexit sha1_base64="wNi7VwUjaE0rK/WJ4Qt8039Mnzo="></latexit>

t

<latexit sha1_base64="WPfjfXnUw+VnJOu7KJFwZg9StFE="></latexit>

�T

<latexit sha1_base64="bxQLcVqH8cycPPdUVsa3H6a33yg="></latexit>

T

<latexit sha1_base64="f+Hifnd9O1r9MLAv8bWQzsTr0Vk="></latexit>

1

<latexit sha1_base64="sYRMkG+w4RS2g85iF9TreXZrEQM="></latexit>

R(!) =
2
T

sin(! T
2 )

!

<latexit sha1_base64="eqT0RjZ93MhpGJKy6m55LrAAZZM="></latexit>

r(t)

<latexit sha1_base64="u4HueSReqDKBOy463iTVBHT3abg="></latexit>

r(t)

<latexit sha1_base64="u4HueSReqDKBOy463iTVBHT3abg="></latexit>

h(t)

<latexit sha1_base64="MCmjUcGi1u0Kdk1kE3+fd9StjiI="></latexit>

H(!) = R(!)2 =

 
2
T

sin(! T
2 )

!

!2

=
4 sin(! T

2 )2

!2T 2

<latexit sha1_base64="FFXUESrogocjKrYz/VhyK9PYEic="></latexit>



First-­‐order	
  interpolator	
  in	
  frequency	
  

Xp(!)

<latexit sha1_base64="I/RwK5EZX2Kqw38NXpl4hIumS7E="></latexit>

H(!)

<latexit sha1_base64="MzFwvwug0bsrcmKciml+KHGikYQ=">AAAB8HicbVDLSgNBEJz1GeMr6tHLYBDiJexKRI9BLzlGMA9JljA76SRD5rHMzAphyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFMWfG+v63t7a+sbm1ndvJ7+7tHxwWjo6bRiWaQoMqrnQ7IgY4k9CwzHJoxxqIiDi0ovHdzG89gTZMyQc7iSEUZCjZgFFinfRYK3WVgCG56BWKftmfA6+SICNFlKHeK3x1+4omAqSlnBjTCfzYhinRllEO03w3MRATOiZD6DgqiQATpvODp/jcKX08UNqVtHiu/p5IiTBmIiLXKYgdmWVvJv7ndRI7uAlTJuPEgqSLRYOEY6vw7HvcZxqo5RNHCNXM3YrpiGhCrcso70IIll9eJc3LclApX91XitXbLI4cOkVnqIQCdI2qqIbqqIEoEugZvaI3T3sv3rv3sWhd87KZE/QH3ucP70mP2g==</latexit>

X1(!) 6= X(!)

<latexit sha1_base64="BmGJocakFAa16XG0WQg+22tJuwI=">AAACEHicbVDLSgMxFM3UV62vqks3wSLWTZmRii6LblxWsA/oDEMmvW1DM5kxyQhl6Ce48VfcuFDErUt3/o3ptIK2HgicnHPvzc0JYs6Utu0vK7e0vLK6ll8vbGxube8Ud/eaKkokhQaNeCTbAVHAmYCGZppDO5ZAwoBDKxheTfzWPUjFInGrRzF4IekL1mOUaCP5xePUzYakAU9g3PadshuF0CcnY1fAHW7/XP1iya7YGfAicWakhGao+8VPtxvRJAShKSdKdRw71l5KpGaUw7jgJgpiQoekDx1DBQlBeWm2yxgfGaWLe5E0R2icqb87UhIqNQoDUxkSPVDz3kT8z+skunfhpUzEiQZBpw/1Eo51hCfp4C6TQDUfGUKoZGZXTAdEEqpNhgUTgjP/5UXSPK041crZTbVUu5zFkUcH6BCVkYPOUQ1dozpqIIoe0BN6Qa/Wo/VsvVnv09KcNevZR39gfXwDSDmcuA==</latexit>

	
  Again	
  NO	
  perfect	
  reconstruc=on:	
  some	
  high-­‐frequencies	
  are	
  
included	
  (but	
  less	
  than	
  before	
  with	
  the	
  zero-­‐order)	
  

	
  infinite	
  length	
  
response	
  in	
  frequency	
  !	
  	
  



Summary	
  (=me	
  domain)	
  

ideal	
  

Zero-­‐order	
  
(nearest-­‐neighbor)	
  

First-­‐order	
  



Summary	
  (frequency	
  domain)	
  

	
  Note	
  that	
  the	
  increasing	
  the	
  order	
  provides	
  
a	
  beber	
  approxima=on	
  of	
  the	
  ideal	
  case	
  

|H(!)|

<latexit sha1_base64="IbWZMpv2e38wIkAZ3JIg+/xbHAk=">AAACHXicbVDLTgIxFO3gC/GFunTTSEhwQ2YMRpdENywxEZiEIaRTLtDQ6Yxtx4QM/Igbf8WNC41x4cb4N5ZXouBJmpyec+/t7fEjzpS27W8rtba+sbmV3s7s7O7tH2QPj+oqjCWFGg15KF2fKOBMQE0zzcGNJJDA59DwBzcTv/EAUrFQ3OlhBK2A9ATrMkq0kdrZUj7xplMSn8cwdttOwQsD6JGzsSfgHruLa2ZUWdBRO5uzi/YUeJU4c5JDc1Tb2U+vE9I4AKEpJ0o1HTvSrYRIzSiHccaLFUSEDkgPmoYKEoBqJdO9xjhvlA7uhtIcofFU/d2RkECpYeCbyoDovlr2JuJ/XjPW3atWwkQUaxB09lA35liHeBIV7jAJVPOhIYRKZnbFtE8kodoEmjEhOMtfXiX186JTKl7clnLl63kcaXSCTlEBOegSlVEFVVENUfSIntErerOerBfr3fqYlaasec8x+gPr6wc/x6Ff</latexit>

lucamartino
Text Box
Recall that, generally in all these slides, we are plotting the module of the FTs




