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Fig. 2. A circular city with radial-circular network and the shortest
routes between two points.

O Q
F

R x h - x

Rapid Transit

Circular City
Destination
(Airport)

Fig. 3. A simple geometric model of rapid transit system.

(i) 0 ≤ x ≤ R/3

ψ(s|x)

=




s2 + 4xs

π R2x
(0 ≤ s ≤ x)

1

π R2x
{s2 + (2π − 4)xs + (8 − 2π)x2}

(x < s ≤ 2x)

1

π R2
{2πs − (2π − 4)x}

(2x < s ≤ R − x)

1

π R2x
{−s2 + (2π − 2)xs − (2π − 3)x2 + R2}

(R − x < s ≤ R + x)

(7)

(ii) R/3 < x ≤ R/2

ψ(s|x)

=




s2 + 4xs

π R2x
(0 ≤ s ≤ x)

1

π R2x
{s2 + (2π − 4)xs + (8 − 2π)x2}

(x < s ≤ R − x)

1

π R2x
{(2π − 6)xs + (7 − 2π)x2 + R2}

(R − x < s ≤ 2x)

1

π R2x
{−s2 + (2π − 2)xs − (2π − 3)x2 + R2}

(2x < s ≤ R + x)

(8)

(iii) R/2 < x ≤ R

ψ(s|x)

=




s2 + 4xs

π R2x
(0 ≤ s ≤ R − x)

1

π R2x
{2xs − x2 + R2}

(R − x < s ≤ x)

1

π R2x
{(2π − 6)xs + (7 − 2π)x2 + R2}

(x < s ≤ 2x)

1

π R2x
{−s2 + (2π − 2)xs − (2π − 3)x2 + R2}

(2x < s ≤ R + x)

(9)

F

3P

2P

1P

O
Q( ,0)x

Fig. 4. Access to the airport by three different origins over a radial-circular
network.

The average value of the distance s between homes dis-
tributed over a circular city to the fixed terminal station is
obtained by the following integration:

E(s|x) =
∫ R+x

0
sψ(s|x)ds. (10)

By calculating Eq. (10) using Eqs. (7), (8) and (9), we
obtain the same value of E(s|x) which is the cubic function
of the location of the terminal station x :
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3. Formulation of Problems
3.1 Minimization of the average access time

Let us denote the average access time by f (x) as a func-
tion of the location of the terminal station x . The average
access time from uniformly distributed points in the city to
the airport is the combination of the average access time to
the terminal station and the time to the airport by using the
rapid transit. Therefore, f (x) is given as follows:
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Our aim here is to find x = x∗ which minimizes the average
access time to the airport:

minimize
x

f (x) (13)




