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Abstract: This study investigates the quay crane berth allocation to be done on the basis of First in First

allocation problem with respect to vessel assigned to a
particular discrete berth at a bulk material handling
port. In the proposed model, vessels at the anchorage are
berthed on a First in first out (FIFO) basis at the port,
and then the quay cranes are assigned to the berth
dynamically before berthing and during unloading of the
vessel. To solve the model, we used the Block Based
Genetic Algorithm (BBGA) and Genetic Algorithm
(GA). Computational study is conducted using the real
data provided by a port located on the eastern coast of
India.
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[. INTRODUCTION

The economic growth of a country is highly correlated
with its import/export. There are three primary modes
of transportation: Sea side Transport, Air side
Transport, Land side Transport. Among these three
modes, Sea side is the cheapest mode of
transportation. Sea side transportation is further
classified as sea side operation, and land side operation
at the port. While addressing the key issues faced by
ports, most researchers focus only on the container
port terminals, and consider the berth allocation and
quay crane allocation with respect to it; seldom
considering the bulk material handling port. The
complexity of this problem is high as assigning the
quay crane is to be done before ship berths, and during
the unloading of cargo. It is a dynamic assignment of
quay crane allocation problem. In this paper, our main
focus is to allocate the berth on the basis of a given
ship schedule and allocate the quay crane to berthed
ship during unloading of cargoes at the port.

The decision of berthing of ship is mainly considered
by port management. Some ports follow a priority
rule, and some FIFO. In this paper, we consider the

out philosophy with dynamic allocation of quay crane
at port. Due to the complex nature of minimization of
operational time of berthed ship and unloading the
cargo as early as possible, a decision support model is
proposed to solve and provide the solution.

Cargo ships arrive at the anchorage and wait until the
port manager calls them to berth. Port manager assigns
the tug boat to guide the cargo ship from anchorage
through the channel to the available berth. Only one
ship can pass through the channel at a time. After
berthing, ship fastening operations and quay crane
allocation is done. A methodology is proposed to solve
the problem of minimizing the berthed time of ship in
this paper.

This research work proposes a model to achieve and
optimize dynamic quay crane allocation for a cargo
ship at the bulk material handling port.

II. LITERAURE REVIEW

Most of the researchers considered the berth allocation
and quay crane allocation for the container terminal
handling port. Among these two, sometimes they
considered separate and sometimes they focused on
the integrated model of berth and quay crane
allocation model. Wang et al. [1] described a model
for quay crane allocation for container terminal by
considering data mining and improve the port
efficiency. Gharehgozli et al. [2] proposed a model for
quay crane scheduling and used the exact method to
obtain the optimize result. Meisel & Bierwirth [3]
described a model based on berth allocation and quay
crane allocation and minimize the handling time of
vessels. Li et al. [4] proposed a model for discrete yard
crane allocation for container terminal handling port
and minimize the handling operations. Fu et al. [5]
proposed an integrated model for quay crane



assignment and scheduling problem. Turkogullar et
al. [6] introduced an integrated model of berth
allocation and time variant quay crane assignment.
Liang et al. [7] proposed a model for quay crane
assignment problem and determine the berthing
position, time of each ship and number of quay crane
assigned to each ship. The berth allocation and quay
crane allocation problem [8] is prime aspect of sea side
operation, where port planner allocate the quay crane
on the basis of ship allocation to available berth.
Bierwirth & Meisel [9] described the berth allocation
and quay crane scheduling and allocation problem for
various scenario. Imai et al. [10] introduced a model
for multi user container terminal address the integrate
model for berth allocation and quay crane allocation
simultaneously.

lIl. Problem Statement

Now, we consider a realistic scenario of port located
in the ecastern cost of India as shown in figure 1
(schematic view of port). In this port, there is an
anchorage (where Ship S1, S2 ...S5 wait for berthing),
3 berths (Berth 1, Berth 2 and Berth 3), 5 ship quay
cranes (Q) and a channel to pass one ship from
anchorage to berth. The ships arrive at anchorage and
on the basis of berth availability, port management
allow the ship for berthing and if there is no free berth
at that time, then ships (S1, S2...S5) wait to get
berthed until next berth is available.

Berth 1 Berth 2 Berth 3 |
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Figure 1.Schematic view of Port

In this model, we introduced a berth allocation
problem, aimed at minimizing the total time the ships
stay at the port. The problem is dynamic in nature, as
the number of quay cranes assigned to each ship can
be changed with time, to increase or decrease the
unloading rate from the ship. A berth allocation is
viewed as a sequential order of ships based on FIFO
as the channel allows only one ship at a time. Fleet of
ship is waiting on the anchorage, when berth is free,
then port management allow the ship through the
channel to get berthed according to first come first
serve basis.

The port has a fixed number of quay cranes. The un-

loading rate is considered constant as all the quay

cranes are assumed to have equal capacity. The model
assumptions are as follows:

(1) All berths are discrete and identical with each
other. Any cargo vessel can be berthed in any free
berth.

(2) The rate of unloading and capacity for each quay
crane is same.

(3) Ina given berth, only one ship can be served at a
time.

(4) The maximum number of quay cranes that can be
assigned to a ship is limited. This assumption is
aligned with berth length constraint.

(5) The time to move a quay crane from one berth to
another is negligible.

(6) The estimated arrival time of a vessel at the
anchorage and the quantity of cargo are known in
advance.

Notation:

Indices

i(=12,.... n) € Set of Ships v
Jj(=1,2,...b) € Set of berths B

Parameters

r Rate of unloading by quay cranes

t Maximum number of berths that can be
assigned to each berth at a time

ai Arrival time of Ship i

G Load Carried by Ship {

Joni =1 if m* ship berthed is the first ship after

ship i is unloaded

Decision variables

S; Berthing time of ship i

d; Departure time of ship i

mj Number of quay cranes assigned to ship i
when m™ ship is berthed

Xij = 1 if ship i is berthed in berth j

Objective Function
minimize
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Equation (1) states the objective function of
minimizing total time that a ship stays at the port.
Equation (2) and (3) show the feasibility of berth
allocation. Equation (4) puts restriction on the number
of quay cranes allowed in a berth at a time. Equation
(5) ensures that every ship is berthed and unloaded.
Equation (6) implies a ship can be berthed in only
berth. Equation (7) states the relation between the
departure time of a ship and berthing time of
subsequent ships in that berth. Equation (8) finds the p
for which there is cargo still available to be unloaded
in ship i where I(x) = x if x > 0 and M is a big number.
To find the first ship after it has been completely
unloaded, equation (9) and equation (10) are used to
establish m = p + 1. Equation (11) shows the relation
between departure and berthing time of a ship. The
first part of equation (11) is the berthing time. The
second part is the time between the subsequent arrivals

11)

until the ship is still not unloaded. The third part is the
time taken to unload the cargo still remaining in the
ship. Equation (12) is the non-negativity and domain
constraint.

IV. METHODOLOGY

The vehicle flow scheduling and job shop scheduling
on land side up to yard and manufacturing industry
respectively have been studied and shown to NP hard
problem[11] [12]. We use the block based genetic
algorithm to obtain the quay crane allocation. Hence
in the present work, we develop two heuristic methods
for dynamic quay crane allocation and compare their
results. First heuristic is based on Block based genetic
algorithm (BBGA) and second on Genetic algorithm
(GA). In this section, we present BBGA in details
while discussion upon working of GA is skipped as
GA is a pretty known algorithm. .

Block Based Genetic Algorithm

Block Based Genetic Algorithm (BBGA) has been
used to solve the hard complex problem of job shop
scheduling [12]. In this technique, we develop the
block of varying size of fit chromosomes and these fit
schema from the building block of chromosomes for
future generations.
Chromosome Representation

Each Chromosome is divided into as many section as
number of berths at the port, each section has number
of strings equal to total number of free quay cranes at
the port yard. The Chromosomes represents the
sequence of quay crane served the vessel/ship at the
berth.

Creation of Block
In this, we have to form block of highly fit
chromosomes by identify the hidden pattern inside
them. These hidden patterns are extracted from
probability matrix of each quay crane given at the fit
position of chromosomes.

Block Recombination
Once the blocks have been created, they are enrolled
to generate the chromosomes for next generation.
Chang et al. [12] used the recombination function to
create the chromosome, similarly we use the same
function.

Fitness Evaluation
In this, we have evaluated the fitness function on the
basis of objective function.

Selection
We generate the new chromosome in equal number to
the initial population. These Chromosome along with



the chromosome from previous iterations and the elite
set of chromosome from all previous generation give
rise to 2n + x.

Where, n is number of population.

x is elite population.

Termination
The algorithm stops after a number of iterations, which
was identified by number of computational
experiments.

| Initialize the population |

|

Evaluate the fitness of initial
population

|

Create new blocks from a set of
best chromosomes

Il

| Mutate Blocks

| Generate New Chromosomes |

1

Select the Chromosomes for
Next Generations

<
| Update the set of best |
Chromosmes

s Termination criteria
Satisfied?

s Termination criteria
Satisfied?

Figure 2: Flowchart of BBGA

V.RESULTS
The first in first out ship scheduling berth allocation is
considered to solve the quay crane allocation problem.
The parameters adopted are: Population Size 10,
Mutation probability is equal to 0.1 and crossover
probability is equal to 0.65, Generation 100.

In this paper, a case study of port situated at the eastern
cost of India is explored. We have tested the data set
of a month to obtain the near optimal result of quay
crane allocation. The Figure 2 shows the objective
value function using GA and BBGA.
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Figure 3: Objective Value function vs Generations

The computational experiments are developed on a
number of problem instances as described in Table 1.
The operational time of ship operations through
allocating optimal quay crane allocation to the berth
by GA and BBGA are as shown in Table 1.

Table 1: Computational Experiments

No. of Ope.rating Ope.rating
Instances No. of Quay Time Tune?
berths (BBGA) (GA) in
Cranes .
in Hrs. Hrs.
1 3 6 312 (92) 316 (105)
2 3 5 260 (89) 265 (101)
3 3 7 238 (81) 240 (98)
4 3 8 379 (96) 386 (103)
5 4 6 346 (86) 353 (91)
6 4 8 289 (90) 300 (98)
7 4 7 310 (97) 317 (106)
8 5 6 262 (88) 267 (92)
9 5 7 251 (93) 260 (97)
10 5 8 246 (95) 251 (108)

Regarding operating time, a ship schedule (FIFO) for
berth allocation is considered to be evaluated using
BBGA and GA. In the operating time column for
BBGA and GA, the number inside the brackets shows
the number of generations in which the Meta—
heuristics converge for the same value. It is evident
from the results that BBGA gives better results than
GA.

VI. CONCLUSION

This paper capture the real life scenario of Port located
at the eastern Coast of India by considering Ship




schedule (FIFO), arrival time, and unloading rate of
quay cranes.

The problem is formulated as a single objective quay
crane allocation problem to minimize the operational
time of ship. To solve the quay crane allocation
problem, we proposed to metaheuristic method:
Genetic Algorithm (GA) and Block Based Genetic
Algorithm (BBGA). A comparative study is done
between GA and BBGA, where it is perceived that
BBGA gives better result than GA.
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