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Question T2-A

There is a monochrome image dataset {g(i), i=0,…,M-1} of M images obtained from a 
web crawler. M is a sufficiently large number. Given an image f, which was also 
obtained by the web crawler. {g(i)} contains images similar or identical to f.
Answer each question below, (use about five lines for each answer):

(1) Describe an efficient method to detect images from {g(i)} which are exactly the 
same as f. 

In order to find similar images to f from {g(i)}, features are first extracted from the 
images and similarity is computed by comparing those features. By showing images in
descending order of similarity we can find the desired images in the top of the rankings.

(2) Explain what the histogram of brightness of an image is. {g(i)} contains images 
that are scaled or compressed images of f. When detecting those images, explain a
reason why using a histogram is suitable for the detection.

(3) Explain three different kinds of similarity measures for comparisons between
histograms h1 and h2.

(4) When the brightness of an image is greatly modified, the histogram is not a feature 
that is suitable for similarity computation. In such cases explain another method for 
similarity computation. 
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Question T2-B

Answer the following mechanics questions regarding a transport system constructed 
using gravity on Earth, the Moon, and Mars.
Assume that the mass of the moving carrier is m, the gravitational acceleration on Earth
is g, the gravitational acceleration on the Moon is 1/6 of that on Earth, the gravitational 
acceleration on Mars is 1/3 of that on Earth, and air resistance on the Moon is zero.
Assume that the air resistance for the moving carrier is in proportion to the square of the 
velocity. The coefficient of air resistance on Earth is constant C, and that on Mars is 1/3
of that on Earth for simplicity. Coordinate axes should be indicated in your answers.

(1) Find the equation of free fall motion for the carrier on the Moon.

(2) Consider the condition where the carrier moves on a frictionless sloped track. The 
angle with respect to the vertical axis for the sloped track is constant . Obtain the 
equations of motion of the moving carrier on the Moon and Mars.

(3) Under the track conditions stated in (2), the moving velocity of the carrier on Mars 
will became constant. Find the constant velocity with regard to the mass of carrier.
Assume that the length of the track is sufficiently long.

(4) Under the track conditions stated in (2), draw the velocity graphs of the moving 
carrier on the Moon and on Mars. Use the same axes for both graphs so a 
comparison can be observed. And use the lateral axis for time.

(5) Vibrations occur on the carrier when it is traveling on the track. Describe the 
possible causes of these vibrations on the Moon and Mars respectively.

(6) In order to suppress vibrations of the carrier, a suspension system using a spring and 
a damper was attached. Explain what needs to be considered in the suspension 
design.

11



(1) 3
3

(2) T2-C.1
Q K 2

1500[ / ]

(3) T2-C.1
1600[ / ] (2)

(4) (2)

3

T2-C.1

12

T2-C



Question T2-C

Answer the following questions related to traffic congestion on a road 
network:
(1) Show three typical examples of bottlenecks of road traffic capacity with 

an explanation of the bottleneck forming mechanism for each example in 
about three lines.

(2) Figure T2-C.1 is a simplified fundamental diagram describing traffic 
characteristics in a uniform section of road. It shows a traffic flow-
density diagram represented by two linear functions: Q and K. Suppose 
that a bottleneck occurs at the downstream end of the section of the road.
Calculate the flow velocity in the congested traffic caused by the 
bottleneck when the capacity of the bottleneck is 1500 [vehicles/hour].

(3) Suppose that traffic demand is 1600 [vehicles/hour] for the road section 
whose traffic characteristics are described with Figure T2-C.1. Calculate 
the velocity of the upstream boundary of the congestion (shock wave 
speed) caused by the bottleneck described in the problem (2). Note that 
positive velocity is defined as the same direction as the traffic flow.

(4) In real traffic flow, a typical feature of traffic velocity in congested traffic 
is observed, which is different from the constant velocity calculated in
problem (2). Explain that feature comparing it to that in uncongested 
traffic in about three lines.

Figure T2-C.1
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