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Problem 1

The following relation holds between the impulse response of an FIR filter, [»], and its
- transfer function, H{z):

H(z)=ZT ] = 3 k[n]z",

H==—e

where ZT{-} represents the z transform. Answer the following questions.

(1) Let the two impulse responses of FIR filters be denoted by /n[x] and hz2[n]. Prove
that

H (2)H,(z)= ZT{ i h[m]h, [n-—m]} (H

n=—uy

holds.

(2) In the case of Hi(z2)Hxz) = | — 27 in Eq. (1), find a pair of examples of /n{n] and
ha[n]. However, filters that give a constant factor are excluded.

(3) Consider the FIR filters that arc represented as transfer functions:

H, (z) =?]2-(1 —z“g),

]' > -
H, (Z) :EZ; z .

(a) Ilustrate the poles and zeros for each of H3(z) and Ha(z). Clearly indicate the
positions of the poles and zeros and their orders (if multiple case) as shown in
Fig. I.

(b) According to the pole and zero plots in Question (3)-(a), draw the outlines of
the amplitude responses of H3(z) and Ha(z). Here, the frequency response is
determined as

H(0)=H (=), = ngmh[n]exp (~jeon),

and the amplitude response is determined as |H(@)|, (0 £ @ < w). In drawing, as
shown in Fig. 2, clearly indicate the horizontal values giving the minima of the
amplitude responses but it is not necessary to indicate the vertical values giving
the maxima.

(¢) Describe an application example of FIR filter H3(z).

24
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(4) Draw the outline of the amplitude response of the FIR filter whose impulse response

sin(ﬁ(n—tl)}
4 U Gen<s,

hy[n]= (n-4)n ’

0, otherwise.

is given as

There is no need to clarify the horizontal or vertical values of the maxima and
minima of the amplitude response. And also discuss a problem which happens if
FIR filter Ha(z) is used for the situation under which FIR filter As[#] should be
applied.

Im O zero |H(Ja))|
j’”/ X pole A
RSN b The (2) indicates a
o 7, double-order pole.
/ {71:/3 \
L0 o Re
S |Le —
o[ w3 =
Iig. 1 Fig. 2
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Problem 2

Answer the following questions about electric circuits using operational amplifiers.

Assume that all the operational amplifiers have ideal characteristics.

n

2

(3)

4

Figure 1 shows a first-order low-pass filter based on the non-inverting amplifier
circuit consisting of resistances R, Ri, capacitance C, and variable resistance Ra.
Derive the transfer function G,(s) that illustrates the characteristics of this circuit.
Next, obtain Rz that sets the DC gain to 2, and obtain time constant T, and cutoff
angular frequency w, of this filter.

Answer output voltage v,(t) with the Laplace transform when AC voltage
v;(t) = E sin(wt) is applied to a first-order low-pass filter from ¢ = 0. Assume

that the transfer function of this filter is G(s) = E"flf;? , and the frequency response

is G(jw) = —> _ Next, obtain the signal amplification intensities and phase shifts
1+]wT

under the conditions of w7 «< 1 , wT =1 , and wT > 1, and describe how this
filter works as a low-pass filter.

Figure 2 shows a second-order low-pass filter based on the non-inverting amplifier
circuit consisting of resistances R, R3, capacitance C, and variable resistance Ra.
Derive the transfer function G,(s) that illustrates the characteristics of this circuit.
Next, obtain stable DC gain A4 if the amplitude characteristics of this second-order

tow-pass filter fulfills the Butterworth characteristics of ﬁ where wg is
1+ %/,

the cutoff angular frequency, and » is the order of this filter.

A third-order Butterworth low-pass filter can form in combination with the first-
order low-pass filter in Fig. 1 and the second-order low-pass filter in Fig. 2. Derive
the transfer function of this third-order Butterworth low-pass filter and draw all the
stable poles on the complex plane. Next, obtain relationship between Rand C, R
and Rz, and Rz and Re, if the cutoff frequency is set to 10 kHz and the DC gain is 10.
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Problem 3

Let us consider a controlled system shown in Fig. 1, where plant P(s) is one of the
following

s+1 s—1
P =6 PO oraees

I
and controller C(s) is given by C(s) = ?\‘ (K is a constant gain). Answer the
following questions.

(1) In the cases that P(s} = Pi(s) and P(s) = Pu(s), show the conditions on K
such that the closed loop systems are stable.

(2) In the cases that P(s) = Py(s) and P(s) = P(s), K is supposed to satisfy the
conditions derived in Question (1). When the reference signal r(¢) is a unit step
from time ¢ = 0, show the steady-state errors of e(t} = r{t) —y(t) in both cases,
Also show the outlines of the step responses y{¢) in the interval 0 < ¢ <« 1 and
explain their reasons. Moreover, from their results, explain the difference of the
properties of P (s) and Fa(s) as controlled plants.

Next, let us consider a controlled system shown in Fig. 2. Answer the following

questions.
Npl(s)
(3) Let us represent plant (s), controllers Ci(s) and Cs(s) as P(s) = D,(s)’
. Nl(S) NQ(S) .
= LI = 3 ]_ . -
Ci(s) X and Ch(s) Da(s)’ respectively, where N,(s) and D.(s) rep

resent the numerator polynomial and the denominator polynomial of a transfer
furction, respectively, and each pair of them is coprime. Show the transfer
function G ,{s) from signal f(t) to y(t) by using N,(s) and D.{s). Also explain
that it is always possible to make Ny (s) and Ds(s) to be Hurwitz polynomials
for the stabilizing controllers C1(s) and Cy(s) of the closed loop system.

(4) Assume that the closed loop system is stable, and Ny1(s) and Do(s) are Hurwitz
H(s)
Gry(s)
Cs(s) and H(s) are stable, and the steady-state error of e(t) = r(t) — y(¢) for
a unit step signal r(¢) is 0. Explain the class of possible H(s) to be designed.

polynomials. Also assume controller Cy(s) is given by Cs(s) = , where

Also explain the details on the superior points and the inferior points of the
controlled system in Fig. 2 against that in Fig. 1 based on the above results.
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Problem 4

Answer the following questions on inter-process communication.

(1)

(2)

As a procedure to enter a critical region for mutual exclusion, we wrote a
program that performs the following operations 1 to 2. Assume that the variable
lock is stored in shared memory and initialized to zero in advance.

1. Read the value of lock from the memory, and go to 2.

2. If the value of lock is zero, the program writes one to lock and enters the
critical region. If the value of lock is one, then go to 1.

Explain an example in which two processes executing this program in parallel
enter the critical region simultaneousiy.

Assume that the CPU has the following Test and Set Lock (TSL) instruction.
Usage: TSL reg, lock
Behavior: read the value of the memory word addressed by lock into the reg-

ister 7eg and then write a non-zero value to the memory word. These read
and write operations are executed atomically (without being interrupted).

By using this instruction, write a procedure enter_region() to enter a critical
region and a procedure leave.region() to leave the critical region in an assembly
language. In addition, explain the reason why they work correctly. You may
define and use other necessary instructions appropriately.

Write two procedures down() and up() to implement semaphore, an abstract
data type to manage the number of remaining shared resources, in a pseudocode
by using the above enter_region() and leave_region() procedures, and explain
their behaviors. Here, down() subtracts one from the semaphore and up() adds
one to the semaphore. You may use the procedure sleep() that writes zero to
lock and puts the process to the waiting queue, and the procedure wakeup()
that wakes up a process in the waiting queue.

Write two procedures reader() and writer() to read and write data in shared
memory using the above-mentioned semaphore in a pseudocode, and explain
their behaviors. Here, when no process is writing the data, multiple processes
can read the data simultaneously, and when one process is writing the data,
no other process can read or write the data. You may use the read_data() and
write_data() procedures for actual data read and write operations.
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Problem 5

Consider the vibration of a rigid body with two built-in motors having the mass, A, and
the moment of inertia, /, about the center of gravity, G, as shown in Fig. 1. The rigid
body is suspended by two springs having the same length and the same spring constant,
k, on each motor axis placed at the same distance, 4, from G. Let u be the vertically
downward displacement of G from the equilibrium state, and 8 be the rotational angle of
the rigid body from the horizontal line. Assume that all objects move in the
two-dimensional plane of the figures. Assume that friction, air resistance, and the
gravity can be ignored for simplicity. Answer the following questions.

(1) Describe the equation of motion of the rigid body about the vertical and rotational
directions, respectively. Assume that @ is small enough, and the horizontal force
acting on the springs can be ignored.

(2) Suppose that a propeller having the mass, m, is attached on each motor, as shown in
Fig. 2. The center of gravity of cach propeller, Gu and Gg, is deviated from each
motor axis at the distance, . At time ¢ = 0, let fu and &r be the initial rotational
angles of GLand Gr from the horizontal line, respectively (—=n <@ <n, —n <O <
nt). The propellers are rotating at the same angular velocity, ¢, but in opposite
directions. Answer the following questions.

(a) Describe the vertical force, the horizontal force and the torque about G applied
on the rigid body by the rotation of the two propellers. Assume that the
rotational angle & is small enough at any moment.

(b) Based on the results of Question (2)-(a), describe the conditions to eliminate the
horizontal force and the torque about G applied on the rigid body.

(3) Under the conditions explained in Question (2)-(b), let F{f) = Focos(awt + ¢), (—n <
# < m) be the vertical excitation force applied on the rigid body by the rotation of the
two propellers. As shown in Fig. 3, suppose that the weight having the mass, Mo, is
attached to G by the spring having the spring constant, kp. Let #p be the vertically
downward displacement of the weight from the equilibrium state. Answer the
following questions.

(a) Describe the equations of motion of the rigid body and the weight, respectively.
(b) Show the necessary condition of k» and Mp to eliminate the vibration of the
rigid body by equation.
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(4) Discuss the relation among the magnitude of two natural angular frequencies of this

2-degrees-of-freedom spring-mass system, and the magnitude of @ satisfying the
conditions explained in Question (3)-(b) by using equations.

(at rest) (in motion)
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