
 
 

Lecture Notes 
 
 
 
 

09PC602         
DIGITAL SIGNAL PROCESSING 

 
 
 
 

VI Sem B.E (I.T) 
 
 
 
 

Dr. J. SASIKALA 
Associate Professor 

Department of Information Technology 



1 
 

Dr. J. Sasikala  
Associate Professor  

 
IIR Filters      Unit-3 

 
 
 

 



2 
 

 

 



3 
 

 

 

 

 

 



4 
 

 



5 
 

 



6 
 

 



7 
 

 



8 
 

 



9 
 

 



10 
 

 



11 
 

 



12 
 

 



13 
 

 



14 
 

 



15 
 

 



16 
 

 



17 
 

 



18 
 

 



19 
 

 



20 
 

 



21 
 

 



22 
 

 



23 
 

 



24 
 

 



25 
 

 



26 
 

 



27 
 

 



28 
 

 



29 
 

 



30 
 

 



31 
 

 



32 
 

 



33 
 

 



34 
 

 



35 
 

 



36 
 

 



37 
 

 



38 
 

 



39 
 

 



40 
 

 



41 
 

 



42 
 

 



43 
 

 



44 
 

 



45 
 

 



46 
 

 



47 
 

 



48 
 

 



49 
 

 



50 
 

 



51 
 

 



52 
 

 



53 
 

 



54 
 

 



55 
 

 



56 
 

 



57 
 

 



58 
 

 



59 
 

 



60 
 

 



61 
 

 



62 
 

 



63 
 

 



64 
 

 



65 
 

 



66 
 

 



67 
 

 



68 
 

 



69 
 

 



70 
 

 



71 
 

 



72 
 

 



73 
 

 



74 
 

 



75 
 

 



76 
 

 



77 
 

 

 



78 
 

 



79 
 

 



80 
 

 



81 
 

 



82 
 

 



83 
 

 



84 
 

 



85 
 

 

 

 



































































 

 

 

 



 

 

 

 



 



Unit-4 - Finite Word Length Registers





































































 
 



UNIT‐V  Multirate Digital Signal Processing 
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Fig. Spectra of the Original, intermediate and other sequences 

 

 



 

 

 

 



 

Fig. An illustration of interpolation by a rational factor (L=3, M=2) 
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Fig. Digital to Analogue conversion for a CD player using x8 oversampling 

 

 

 

   



 

 

Fig. Simplified block diagram of single‐bit ADC scheme 

 

Speech Compression 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

   



 

Filter into two bands: 
50 Hz‐3.5 KHz: sample at 8 kHz, encode at 48 KB/s 
3.5 KHz‐ 7 KHz: sample at 16 kHz, encode at 16 KB/s 
 

 

 

 

 

4 KHz‐7 KHz 



 

 

 

 



 
                                Vocal tract excitation parameters (LPC  

 Coefficients) 
 

 

 

 
 



 
 

 
 

 

 



 
 

 
 

Adaptive Filters 

 



 
 

 
 

 



Adaptive Filters ‐ Applications 

 
 

 

 
 
  



 
 

 
 
 
 

 
  



 
 

 

New Trends in Adaptive Filtering 

 
 
  



 

Musical Sound Processing 
The audio effects are artificially generated using various signal 
processing circuits and devices, and increasingly by digital signal 
processing techniques, often referred as Musical Sound processing. 
All musical programs are produced in basically two stages: 
 
 
 
 
 
 
 

 
Time Domain Operation 
 
Commonly used time-domain operations are: 

 
 

   

Sound from each individual 
instrument is recorded in an 
acoustically inert studio on a 
single track of a multi-track 

tape recorder 

The signals from each track are 
manipulated by the sound  engineer 
to add special audio effects and are 
combined in a mix-down system to 

finally generate the stereo 
recording on a two-track tape 
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Spatial Domain Enhancement 
 

Enhancement Methods 
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Intensity Adjustment 
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Image Thresholding 
 

 

   



Gray Level Slicing 
 

Image Rotation 
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Resources Required 
 

 
 

   



Examples 
Original Image Image with Salt & Pepper Noise 

Filtered Image Histogram Equalization 

Contrast Stretched Image Thresholded Image 

   



 

 

Grayscale slicing background 
 

Grayscale slicing without 
background 

180 degree rotation 

 
 

   



APPLICATIONS 
Biology Astronomy 

Medicines Security, Biometrics 

Satellite Imaging Personal Imagery 

 
 
 
 
 
 
 
 



 
APPLICATIONS 

 

 
Example : Audio Sample Rate Conversion 

 

 
Example : Oversampling ADC 
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