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Academic Year 2020, Department of Mechano-Informatics

Graduate School Entrance Exafnination Problem Book}et

Mechano-Informatics (Subject)
Examination Time: 14:00 — 16:00

Instructions:

1)
2)
3
14
5

6)

)

8)
9)

Do not opexi this problem booklet until the start of the examination is announced.

Answers should be written either in Japanese or Enghsh

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

When you have multiple interpretations of a problem statement, you may c]arlfy your mterpretatlon

by introducing adequate definitions and/or conditions in your answer.

If you find missing, mlsplaced and/or unclearly printed pages in the problem booklet, notify the

examlner

‘ Two answer sheets are provided. Check the number of them, and if you find excess or deficiency,

notify the examiner. You must usea 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.

In the designated blanks at the top of each answer sheet, write the examination name “Mechano-
Informatlcs (Subject)”, “Master” or “Dogtor”, your applicant number, and the problem number “1”
“2A” or “2B”. Failure to fill up these blanks may void your test score.

Any answer sheet including marks symbols, and/or words unrelated to your answer will be invalid.
Use the blank pages in the problem booklet for your draft. Do npt separate the draft papers from this
booklet. ' : '

10) Submit all the two answer sheets and the problem booklet.

1) Fill in the box below with your applicant munber.

Applicaﬁt number:
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Problem 1 (Compulsory)

P. 1.

As shown in Fig. 1, a thin beam with uniform density has mass m and length 2L. Point Q is at a distance
(0 <1< L) from the beam’s center of gravity G. The xy-plane takes point O as the origin, with the x-axis
vertically pointing downward and the y-axis horizontally pointing rightward. The beam can rotate without
friction around point O ini the xy-plane. Let 8 be the angle between the x-axis and the beam, and g be the
gravitational acceleration in the positive direction of the x-axis. Answer the following questions,

~ (1) Show that the beam’s moment of inertia I around point O is as follbws.

P.2.

P. 3.

1
' I=~3-mL2 +ml?

!

(2) Assume that the beam oscillates in the range of 8 from — m’3 to n/3. In this case, express the speed of the
beam’s center of gravity G at 8= 0. _ .
(3) Assume that the beam oscillates in small angles around @ = 0. In this case, show that the angular
acceleration § can be approximated as follows.
. 3gl
9= —mram?

(4) Under ﬂ;e condition shown in (3), derive the value of | using L, where the angular frequency is maximum,

Consider a logic circuit where three inputs are denoted as x1, xa, x3, the one output is denoted as y, and x1, -
X2, X3, y € {0,1}..In the logic of the circuit, the output becomes 1 when two or more inputs are equal to 1,
and the output becomes 0 'when two or more inputs are equal to 0.

(1) Write the truth table of the logic.

(2) Convert the truth table of the logic to a Boolean expression, and explam that the logic can be expressed
with 'y = X% + X5X3 +x3x1 -

(3) Draw a logic circuit diagram satisfying the logic using four NAND gates, Note that each NAND gate can
have multiple inputs.

- Explain the following terms briefly.
(1) “PID control” in control engineering.
(2) “Hash table” in software.
3 “Piezoelectric element” in mechatronics.
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Problem 2A (Required Elective)

"As shown in Fig. 1, consider Manipulator A that moves in the horizontal XY plane with 4 links which can be

. regarded as straight lines and are connected by rotational joints. At the origin O, motors M) and M; rotate Link 1
and Link 2, respectively. Let the joint between Link 1 and Link 4 be J;. Link 1 and Link 3 are parallel, and Link 2
and Link 4 are parallel. The rotation angles of M and M are denoted by &= (&, 6,)" and the driving torques by 7 =
(T, rz) In MampulatorA 6 is defined as the angle between the X axis and Link 1, and 8, is defined as the angle

between the X axis and L1nk 2. The mampulator tip is denoted by P4. Let OJ1 =], TP, 1Pa = k. The position vector

of P4 is denoted by r4. When external force F* is apphed at Py, the force generated at P, by the mampulator to

balance with F* is F =-F* For simplicity, effects of grawty and friction may be 1gnored Co]l1s1ons between the,
links need not be considered.

P.1. Obtain the Jacobian matrix J(6) that relates 74 and &.
P.2. Forrand F, 7 =J"F holds. Derive this rélationship using the principle of virtual work.

P.3. A servo system is installed in each Jjoint driven by M; or My, where a relationship between 1; (=1, 2) and a
small displacement of motor rotation angle, AH,, is described as 7, =-k; AH {k; is constant) With K =
diag(ky, ko), = -—KAG

(1) Show that the comphance matrix, which relates a small displacement of P, ArA, and external force F*,
is denotedas C=J K J*.

(2) Assume,=10[m], 5=2.0[m], k =1.0X 10‘* Nm/rad), k=1.0X% 10* [Nm/rad). Obtaln
.compliance matrix C of Manipulator A when ¢, = n/2 [rad] ard ;= n/4 [rad].

(3) Inthe situation of (2), derive the directions that max:mlze(s) and minitmize(s) the compliance.

Next,' as shown in Fig. 2, consider Manipulatc;r B, in which Link 2
and Link 3 were removed from Manipulator A and motor M, drives
the joint J;. In Manipulator B, 8, is defined as an angle between the
X axis and Link I, and #; is defined as an angle between Link 1 and
Link 4. The tip .of Manipulator B is denoted by 153, and the position
vector of Pg by rg, and the small displacement by Arg.

P.4.  Assuming that for both of the manipulators, K of the servo 'f/ ,
systems driven by M, and My, / and &, and the positions and -
orientations of Link 1 and Link 4 are identical to those in
P. 3. (2), answer the followmg questions.

(1) When 8 =(a, ®)" (o is constant), obtain [#,]2 / |#gl?.

" (2) Both P, and Pgreceive external force F* applied from
the direction of angle ¢ with respect to the X axis, and
remain still. Assuming {F*|=F (constant), detive Ary
and Arg as functions of ¢. When ¢= =0, obtam
|‘m'¢a|2/|m‘|3|2

" Manipulator A

Fig. 1

P.5.  Based onP. 4., describe qualitatively and briefly the
advantage_(s) and disadvantage(s) of Manipulator A over

,
Manipulator B
Manipulator B. '

Fig. 2
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Problem 2B (Required Elective)

P.1. . Suppose that we use two's complement to represent a signed integer in binary.
(1) Answer an 8-bit binary number that represents a decimal number of —50. g
(2) Answer the minimum and maximum decimal numbers that can be represented by 8-bit signed integer.

'(3) Calculate the decimal subtraction 32 — 50 using two's complement and answer with an 8-bit binary
number.

" P.2. Fordigital communication, we use the following matrix G for a 4-bit input u to generate a code word
w = = u@, where Im is an identity matrix of size m.

G=[P L], P=

[P Ir,
e S
[ R TR

Note that addition is performed by exclusive-OR here.

- (1) Find the code word corresponding to the input [1 0 1 1].
@ A matnx H that satisfies the followmg conditions for any w is called a parity check natrix, where T
represents matrix transpose, and 0 represents a zero vector, Answer the matrix A,
= [l A] Hw'=0 :
(3) Due to a I-bit transmission error, a certain code word was received as [011101 1] Fmd the posmon .
~of the erroneous bit. In addltmn, answer the original 4-bit mput

"~ P. 3, - We define probability distributions P = (pl, pz, v, Pp) and Q = ( Gy, 21 -, 4y) that satisfy the following

conditions.
n n
D me=1Y ge=1
k=1 k=1

pe>0,qe>0 (k=1,2..,n)
Here, n is a positive integer.

(1) Answer how many bits of information can be stored in a single decimal digit. You may use the
approximation: log,, 2 = 0.30.

(2) Prove the following Gibbs' inequality. In addmon answer the condition that the equality holds. You may
use the inequality logx < x — 1 for any posmve real number x.

Zpk10g2—> 0

(3) We define the information entropy # (SP) of the probablhty distribution P as follows.

HEP) = —-Z P, log, p,
b=l
Prove the inequality 0 < 3{ (P) <logan usmg Gibbs' inequality. In addition, answer the P that
maximizes H (P).
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