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 and modelled as shown in the following Figure 1.

The mixing matrix is 
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(a) Determine the relationship between the functions 
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. Determine the two alternative solutions possible and the associated proportionality transfer functions in terms of the mixing parameters above.

(b) It is not known a priori whether the mixing channel transfer functions are minimum phase or not. Comment on possible limitations of one of the alternative solutions.
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Answer

The final mixing matrix is given by the following relationship:
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(a)
The first possible design is 
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The second possible design is
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(b)
In the second case a problem arises if one or both functions 
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2.
(a)
Show that the analogue transfer function
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Show that the analogue transfer function
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The lowpass transfer function 
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3.
(a)
In an audio application the structure in Figure 3 is used as a “reverberator” to reproduce attenuated versions of an impulse applied as input. Determine its transfer function and show that it is allpass.

(b)
Propose an alternative canonic or non-canonic signal flow graph with one multiplier that realises the transfer function. Explain every step in your answer.

(c)
Determine the impulse response of the structure knowing that after 800 msecs the impulse response has an absolute value equal to the 1% of its value at the instant 
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(a)
Let the output of the intermediate adder be 
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At the output adder we have 
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To show that 
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For a single multiplier realisation we can write the above equation as
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(b)
At this stage we can have various signal flow graphs depending on any additional constraints to be taken into consideration.

A direct non-canonic realisation is to generate separately the components on the right hand side of equation 
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. With the input and the output nodes defined we have for the second term
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On combining the two signal flow graphs we obtain
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(c)
The impulse response 
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 EMBED Equation.3  [image: image83.wmf]
Since the sampling frequency is 10kHz duration of 800 msecs is equivalent to 8000 samples. The impulse response is 
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4.
(a)
The transfer function of an ideal real coefficient lowpass filter 
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(ii) Find an expression for the impulse response 
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(b)
It is proposed to use a given stable lowpass digital filter transfer function 
[image: image92.wmf])

(

z

H

LP

 of impulse response 
[image: image93.wmf])

(

n

h

LP

 to derive a bandpass transfer function 
[image: image94.wmf])

(

z

G

 centred at 
[image: image95.wmf]0

q

 according to the formula:


[image: image96.wmf])

(

)

(

)

(

0

0

q

q

j

LP

j

LP

ze

H

ze

H

z

G

-

+

=

.

(i)
Determine the impulse response 
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 of the bandpass filter in terms of the impulse response 
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(ii)
Show that the signal flow graph in the figure below realises the transfer function 
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Answer

(a)

(i)
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(ii)
The impulse response  
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(b)
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Thus, 
[image: image117.wmf])

cos(

)

(

2

)

(

0

n

n

h

n

g

LP

q

=


(ii)
The output from the lowpass filter of the top part of the structure is the convolution between the impulse response of the filter 
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. The output from the lowpass filter of the bottom part of the structure is the convolution between the impulse response of the filter 
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Therefore, the above structure realises the filter

5.
(a)
Prove that the up-sampler and the down-sampler are linear but tine-varying discrete time systems.
(b)
Prove that down sampling by a factor of 
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 is  equivalent with filtering first with a filter with transfer function 
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followed by down sampling by a factor of 
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