ECE4703 Midterm Exam

Your Name: SoLuTioN Your box #:
November 19, 2015

Tips:
¢ Look over all of the questions before starting.
» Budget your time to allow yourself enough time to work on each question.

¢ Write neatly and show your work! Points may be deducted for a disorderly presentation of
your solution.

o This exam is worth a total of 200 points.

o Attach your “cheat sheet” to the exam when you hand it in.

problem1  problem2 problem3 problem4 total midterm exam score

50 points 50 points 50 points 50 points 200 points




1. 50 points total. Suppose you implement a real-time signal processing system on the C6713
DSK with the interrupt service routine listed below (this should be similar to code you wrote
for Laboratory assignment 1).

interrupt void serialPortRcvISR()

{
union {Uint32 combo; short channel([2];} temp;
float inL, inR, outL, outR;

temp.combo = MCBSP_read(DSK6713_AIC23_DATAHANDLE);
// right channel is in temp.channel(0] and left channel is in temp.channel [1]

inL
inR

(float) temp.channel(1]; // convert inmput to float
(float) temp.channel[0]; // convert input to float

inL*INSCALE; // scale channel to (-1,+1]
inR*INSCALE; // scale channel to [-1,+1]

inL
inR

[}

outlL
outR

inL;
inR*inR; // square right channel

// unscale and convert back to short
temp.channel[1] = (short) (outL*QUTSCALE);
temp.channel[0) = (short) (outR*QUTSCALE);

MCBSP_write(DSK6713_AIC23_DATAHANDLE, temp.combo); // output L/R channels
}

(a) 10 points. What are the appropriate values for INSCALE and OUTSCALE?
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(b) 20 points. Suppose you have a DSK running the ISR shown on the previous page and
that the AIC23 codec sampling frequency is set to 16 kHz. You apply a sinusoidal analog
input signal the left and right line input channels of the DSK as z(t) = a cos(2x ft) with
a =1 volts and f = 1 kHz. What signal would we expect to sec on the left and right
outputs of the DSK?
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(c) 20 points. Suppose you have the same situation as part (b) except f = 10 kHz. What
signal would we expect to see on the left and right outputs of the DSK?
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2. 50 points total. Suppose you implement a floating point FIR filter on the C6713 DSK.

Profiling the interrupt service routine shows that the nunber of cycles required is
cycles = 200 + 20NV

where N is the number of coefficients in the FIR filter. Recall that the TMS320C6713 DSK
is clocked at 225 MHz.

{a) 25 points. What is the maximum number of coefficients that your filter can have and
still run in real-time if f; = 441007
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(b) 25 points. What are some things you could do to get a higher-order filter running in
real-time? Be specific and discuss any tradeoffs.
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3. 50 points total. You are given the following infinite-precision FIR filter coefficients.

-1 1 1
b= [? 3 z]
(a) 20 points. Suppose you are required to store these filter coefficients in a signed 4-bit

fixed-point data type. Determine the optimum number of fractional bits to use in your
fixed-point representation of the filter coefficients. Show your reasoning.
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(b) 30 points. Using your fractional bit specification from part (a), fill out the following
‘ table. Use the symbol A to show the binary decimal point and recall that negative
i binary numbers are represented in two’s complement.
i
":‘ Coefficient Value | Quantized Value (decimal) | Quantized value (binary) | Quantization Error
N M- 3 Er M=3 | M=9
= - 0.5 |-p¢ lal oo f 00 0
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4. 50 points total.

(a) 20 points. Suppose you implement a floating point IIR direct form II filter and test the
filter with a white noise input. Further suppose the largest intermediate value observed
in your tests was |u[n}| < 10. If we wish to implement this filter in fixed-point with 16-bit
signed (short) datatypes for the intermediate values, what is the optimum number of
fractional bits for the intermediate values?
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(b) 15 points. What would be the effect of using less fractional bits in the intermediate
values?
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{c) 15 points. What would be the effect of using more fractional bits in the intermediate
values?
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