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Mechano-Informatics (Subject)

Date : H27(2015), August 24th, 14:00 — 16:00

.7

Instruction:

0} Answers should be written either in Japanese or English. |

1} Do not open this problem booklet until the start of the examination is announced.

2} Three problems are provided. Solve Problem 1 (Compulsory), and solve ¢ither Problem 2A or Problem
2B (Required Elective).

3) When you have multiple interpretations of a problem statement, you may clarify your interpretation by
introducing adequate definitions and/or conditions in your answer.

4) 1If you find missing, misplaced, and/or unclearly printed pages in the problem booklet, notify the
examiner.

5) Two answer sheets are provided. Check the number of them, and if you find excess or deficiency,
notify the exam-iner. You must use a separate sheet for each problem. When you run short of space for
your answer on the front side of the answer sheet, you may use the back side by clearly stating so in the
front side. '

6) In the designated blanks at the top of each answer sheet, write examination name
“Mechano-Informatics (Subject)”, “Master” or “Doctor”, your applicant number, and the problem
number. Failure to fill up these blanks may void your test score.

An answer sheet is regarded as invalid if yoﬁ write marks and/or symbols unrelated to the answer.

8) Even if the answer sheet(s) is blank, submit all answer sheets with examination name, “Master” or
“Daoctor”, your applicant number, and the problem number.

9) Use the blank pages in the problem booklet for your draft.

10) Fill in the blank below with your applicant number, and submit this booklet.

Applicant number:
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Problem 1 (Compulsory)

P.1. AsshowninFig. 1, auniform thin beam with mass m and length / falls and makes
collision against a horizontal floor at an angle of 7/3. Immediately before the ,'3?
collision, the beam has the velocity vo in the vertical direction and has no rotation 4
component. Immediately after the collision, the bottom end of beam slides on the
floor without bouncing back. Assuming no friction between the floor and beam,
obtain the angular velocity of the beam just after the collision.

Fig. 1

P.2. When simultaneously observing information sources A and B, we obtained output sequences below.
‘ Estimate the entropy of each information source and the mutual information between the information
sources. Calculate them to two places of decimals. Letf log:3 = 1.58, and log,5 =2.32.

InformationsourceA 110011010111110101110101
InformationsowrceB 1 00100010110010101110110

P.3. Answer the following questions about electric motors. commutator coil

(1) Figure 2 is a schema of a direct-current (DC) motor.  Using this
schema, describe the principle of operation of DC motors with
about 40 words.

magnet

N

(2) Alternating-current (AC) motors can be classified as induction
motors and synchronous motors. Draw schemas of induction
motors and synchronous motors, and describe the difference

between them in terms of the principles of operation with about be pov;ﬁr s;pply
ig.
60 words. g
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Problem 2A (Required Elective)

P. 1. Figure 1 shows a magnetic levitation system consists of a steel ball and a solenoid. The magnetic force £,
acting on the ball in the vertical direction is in balance with the gravity at the position x; and the current .
Let x and i be the variations of the position and the current in reference to the equilibrium state, respectively.
The mass of the ball is A, and the gravitational acceleration is g.
(1) The levitation force takes the form f, = Mg — K, x + K;i when x and { are sufficiently small, where K,

and K are positive constants. Obtain the equation of motion of the steel ball.

(2} Find the transfer function G(s) between the input i and the output x.
(3) Sketch the Bode plot (gain and phase) of G(s). '

P. 2. Consider mechanisms for a finger of a robot hand that rotates in the horizontal plane. A motor drives the
finger through two pulleys and a non-extensible wire, as shown in Fig, 2. The mechanism shown in Fig. 3 has
additional linear springs in series with the wires between pulleys. The slip between the pulleys and the wires,
and the masses of the parts except for the finger can be ignored. In both mechanisms, the moment of inertia
about the joint axis of the finger is /, the angle from the initial position is 8, the rotational angle of the motor
is &, the output torque of the motor is 7, the radius of the pulleys is R, and the spring constant of the linear
springs is K.

(1) Consider controlling the mechanism in Fig. 2 to rotate the finger from the initial state &, = 0, dg,/d¢= 0
~ to the target state 8;= 84, df,/d? = 0 in the shortest time. This time optimal control is achieved by only
switching the output torque of the motor between the upper limit 7, and the lower limit — 7. Sketch
time profiles of the torque z, the angular velocity d&,/d¢, and the angle ;.
(2) The mechanism in Fig. 3 is described with an equation of state dx/d? = Ax+bu, where the vector of the
states is x = [6; d6,/d7|", and the input is & = 6. Find A and b. Examine the controllability of the system.
x" means the transpose of x. ' A ‘
(3) The mechanism in Fig. 3 can generate passive torque proportional to the angle displacement & when the
motor side pulley is locked. Find the formula for a feedback controller £ = f(8;) for the mechanism in
Fig. 2 to behave equivalently to the mechanism in Fig. 3. .
’ (4) Provide three examples of tasks, in which the controller obtained in (3) is effective.
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Problem 2B (Required Elective)

Let x;,i = 1,2,---,k, be a point in the n-dimensional space, and y; € {—1,1} be a label assigned
to x;. Consider a case that there is a function f(x) = wTx — b that satisfies f(x;) <0 if x; is
labeled with y;=—1, and f(x;) >0 if x; is labeled with y;=1. w,b and w'are an
n-dimensional vector, a scalar and the transpose of w, respectively. A hyperplane expressed by
F(x) =wlx —b = 0 is the discriminant plane. Answer the following questions.

P.1. The normal vector of a hyperplane is defined as a vector orthogonal to the vector connecting

any two points on the hyperplane. Derive the unit normal vector of discriminant plane

fx)=0.

Let %; be a point on the discriminant plane closest to x;, and r; be the distance between X; and
X;. The margin § is defined as the smallestof +;, i = 1,2,-, k.

P.2. Expressscalar t that satisfies x; — X; = tw by using ¥;,7;, and w.
P.3. Prove ;= M
lwl :
P.4. The dataset shown in Table 1 is given. Given w=(43)T, b=12 and w= (11T, b =3
as two discriminant planes, calculate the margins &, respectively.
P.5. Given the dataset shown in Table 1 and b= 1, find w maximizingrthe margin 4, and

calculate the value of y;(wTx; — b),i = 1,2,3, foreach (x;¥)).

Consider w and b for which the minimum value of y;(w'x; —b), i = 1,2,--+,k, becomes 1.
Under this condition, wTx —b = 0 still expresses all the discriminant planes.

P.6. Derive the margin & using w.
P.7.  Given the dataset shown in Table 2, find w and b maximizing the margin §.

Tablel - Table 2

L X Vi z X Yi
1 (o0t —1 1 (00T -1
2 G0t 1 2 | (0.5 —0.5)T -1
3 (05)T 1 3 (20)T 1
4 (oDT 1
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