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Abstract: Today's globalization would be impossible without modern, cost-effective merchant ships crossing the seas. World trade was 17 times as high 
at the end of the 20th century as it was 50 years previously. A shipping industry that has steadily lowered its costs has been a prerequisite of this 
development, and there are no signs that the world economy will rely any less heavily on sea transport in the future. The current decade has witnessed a 
remarkable growth in container transportation and vessel sizes India is the 20th largest maritime country in the world. Its strategic location of a long 
coastline that flanks important global shipping routes, makes it a major maritime nation. The maritime sector in India comprises of ports, shipping, 
shipbuilding and ship repair as well as inland water transport systems. About 95% of the country’s trade by volume and 70% by value is moved through 
maritime transport.Among the problems to be solved, there are the spatial allocation of containers on the terminal yard, optimization of shipping routes, 
allocation of ships to berths and cranes, allocation of cargo to ships, scheduling priorities and operations in order to maximize performances based on 
some economic indicators. During the evaluation of the identified studies, it becomes clear that the existing literature can be further subdivided into 
analytical, simulation, and combined approaches. The majority of the papers (212 out of 243, or 87%) adopted analytical approaches that exclusively 
apply optimization algorithms to optimize container terminal operations. However, in order to optimize the entire container terminal operations the use of 
this approach to simultaneously deal with different types of problems, is difficult, although not impossible (especially in regard to stand-alone 
components). This is a major limitation of the widely used analytical approaches in traditional literature.  
 
Index Terms:  Globalization, container transportation, shipping routes, terminal yard, allocation of cargo, ship building, algorithm  
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1 IMPORTANCE OF SHIPPING IN INDIA 

The Indian Shipping industry assumes a critical part in the 
Indian economy on the grounds that right around 90%of the 
nation's universal exchange is directed by the ocean. India is 
positioned fifteenth in the entire world with a shipping tonnage 
of around 11.5 million gross tonnage (GT) in 2011.It has 
around 1071 boats with 722 beach front and 349 abroad 
ships, Indian seaside shipping is exceedingly divided. 
Shipping has assumed an immense part in the Indian 
economy. Geologically, half of India's outskirt is secured with 
ocean. Talking as far as global exchange, the measure of 
exchange done via land and air is extremely constrained. 90% 
of India's as far as volume and seventy seven percent as far 
as esteem are conveyed via ocean. This demonstrates the 
measure of India's reliance on transportation.  The underlying 
situation where India's adjust of exchange for the most part 
indicated higher imports when contrasted with the fares is 
currently evolving. India's fares when contrasted with imports 
have expanded to eight six percent in 2001-02 when 
contrasted with seventy five percent in 1990-91. In the year 
2002 as indicated by the reports of the WTO, India 
accomplished fifteen percent development rate in fares of 
stock products which influenced it to second most astounding 
on the planet. Transportation assumes an indispensable part 
in world exchange and is the foundation of the world economy. 
These boats give transportation benefits all around without 
which, the world would not be as prosperous as it is today and 
numerous nations would not have the capacity to partake in 
world exchange. Shipping has been a development industry 
as of late, seeing the expansion in net tonnage of India 
armada by a great many tonnage consistently. Due to the 
overall financial emergency set in late 2008, the association of 
worldwide economies has expanded a great deal. Universal 
exchange by any method of transport has been influenced 
quickly and drastically. Marine transportation is an essential, 
however less openly obvious, some portion of the Indian 
economy. The marine transportation framework comprises of 
specific vessels, the goal and ports they visit and 
transportation foundation from industrial facilities to ports to 
distribution centres to the retail advertises. Oceanic 
transportation is an expected impetus to and substitutes for 

other kinds of cargo transportation. In India, there is no 
immediate substitute for seaborne business, for some items 
and exchange courses. One immense motivation behind why 
shipping is so vital is on account of it's very less expensive 
than air transport. Everything can't be transported via air 
because of different attributes like perishable nature of 
products, substantial merchandise, and so on; thus 
dispatching comes to play. India is one of the primary oceanic 
countries of the world with 6.8 million Gross Registered 
Tonnages (GRT), with rating seventeenth on the planet. India 
approaches two noteworthy ports and more than 7500km long 
coastline including the Islands. It has across the board ports in 
this manner giving it a chance to end up plainly real 
transporting place for different products and ventures.  
 

2. OPERATIONAL RESEARCH IN SHIPPING   
So Operational Research is essentially utilized sea 
transportation and cargo coordination’s. It helps in the best 
possible administration of the merchandise included. The 
present decade has seen a momentous development in holder 
transportation and vessel sizes. This has come close by an 
expanding requirement for advancement of both on the 
shoreline and on the landside. As the connecting hubs, 
compartment terminals are confronting extraordinary 
difficulties in dealing with, stacking and exchanging huge 
quantities of holders, and high profitability is the key factor in 
keeping up terminal aggressiveness. Terminals' real clients 
request unwavering quality and effectiveness at low costs, 
both in the meantime. The progressions of the transportation 
business require terminal administrators and coordination’s 
specialist co-ops to continue enhancing their execution and 
assurance effectiveness for the majority of their operations. 
The expanding blend of compartment supply chains and the 
subsequent higher helplessness of the chains to interruptions 
in holder streams and operations, builds the significance of 
controlling and enhancing the execution of the diverse portions 
that are associated with the demonstration of transportation.  
What's more, additional weight has been put on terminal 
administrators with the current swelling in dugout costs. In a 
circumstance where fuel costs are high, vessels tend to utilize 
moderate steaming so they can eliminate fuel costs and, along 
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these lines, quick terminal dealing with turns out to be far more 
urgent in keeping up vessel time plans. In circumstances like 
these, particularly when terminal limit ends up noticeably 
excess and rivalry among transporters rises, dispatch 
administrators swing to operations examine (OR) looking for 
effective approaches to improve the utilization of terminal 
hardware and framework. Consequently, it is not shocking that 
sea operations is pushing ahead as a free teach quite 
compelling for professionals and scholastics alike inside the 
OR and administration science spaces. A ton of consideration 
is given to the utilization of quantitative techniques for holder 
operations at marine terminals. The delivery business has not 
just offered the chance to apply very much tested procedures 
and strategies in a unique way, yet have additionally tested 
scientists with new issues and, as innovation developed, have 
given new motivators to investigate Numerous businesses 
confront the day by day test of deciding the streams in store 
network arranges keeping in mind the end goal to take care of 
client demand at least cost. Such issues have been examined 
widely to ship and for the multi-purpose center points that 
associate them. The investigations have given arrangements 
that have turned into the calculated systems for the headway 
of intercontinental exchange. Globalization of exchange has 
set a substantial weight on oceanic transportation.  
Comprehensively, an O.R. venture contains three stages: (1) 
fabricating a model, (2) tackling it, and (3) actualizing the 
outcomes We concentrated on the issues of ship routing and 
scheduling of mass materials. Specifically, we are occupied 
with issues and models that have been effectively handled by 
means of Operations Research (OR) technique. As of late, OR 
has had much accomplishment in explaining a developing 
cluster of complex choice issues going up against supervisors 
of expansive associations that require the productive utilization 
of materials, hardware, and HR. In the regions of 
coordination’s and supply chains, OR investigators decide the 
ideal methods for planning assorted components of an 
endeavour keeping in mind the end goal to accomplish 
determined objectives by applying numerical standards to 
authoritative issues. A standout amongst the best utilizations 
of Operations Research has been in vehicle routing. This issue 
calls for deciding the most effective utilize (either in the feeling 
of cost minimization or benefit expansion) of an armada of 
vehicles that must influence various stops to lift to up or 
potentially convey travellers or items. The greater part of the 
significant trucking organizations in the India and also different 
parts of world at present have executed OR methods to deal 
with their armada task and vehicle steering. The OR writing 
demonstrates that moderately few research and execution 
examines have been done on oceanic enterprises in 
examination with the number done on the other transportation 
methods of air, rail and to keep the cost of buyer items low, it 
is basic that sea transportation organizations work 
productively by deciding courses and timetables that limit add 
up to circulation costs while fulfilling different necessities, for 
example, send limit, time windows on get as well as 
conveyance, convenient accessibility of boats, and so on. 
Maritime transportation logistics problems of bulk materials are 
classified into four categories of Ship Routing, Ship Routing 
and Scheduling, Inventory Routing and other combined and 
complex models. Ship Routing problems involve decisions on 
the sequence of ports to visit for each fleet of ships on a fixed 
route. Ship routing and scheduling problems consider the 
distribution problem in a case in which sets of cargoes are 

specified by loading, discharging port, and time, whereas 
Inventory routing is constrained to maintain local inventory of 
the product 
 

2.1 SHIP ROUTING   
The target of ship routing is to amplify benefit by deciding the 
ideal arrangement of ports of require each ship, the quantity of 
treks each ship makes in an arranging skyline and the 
measure of freight transported between any two ports by each 
ship. A scientific programming model for ideally steering a 
sanctioned holder send that deals with the choice of whether 
to contract a compartment transport, and, assuming this is the 
case, which estimate/kind of ship is most suitable keeping in 
mind the end goal to expand benefit. The model decides the 
ideal course, the quantity of holders transported amongst 
ports, and the quantity of outings the ship makes amid the 
contract time frame. The issue is defined as a nonlinear whole 
number programming issue which is changed over into to a 
straight blended whole number programming issue by settling 
a whole number variable to a steady and fathoming it a few 
times by changing the estimation of this number variable. The 
blended whole number issue is understood by the Benders 
deterioration technique by taking care of the freight 
assignment sub issue and the whole number system sub 
issue. The nonlinear whole number programming definition is 
settled by the Lagrangian unwinding strategy. The Lagrangian 
unwinding issue is isolated into nonlinear whole number 
programming sub issues and each sub issue is decayed 
further into a few direct blended number programming issues 
and fathomed autonomously. Their approach takes care of the 
issue by producing achievable courses utilizing a dynamic 
programming calculation for each ship and after that applying 
an apportioning plan to get an ideal arrangement 
 

2.2 SHIP ROUTING AND SCHEDULING  
The objective of determining optimal routes and schedules is 
to minimize the cost of ship operation within a planning 
horizon under the condition that all cargoes are transported to 
their destination within time windows. Usually, there exists a 
single source of supply for each product type, and each cargo 
consists of the same product with discharging locations and 
time windows. To obtain an optimal solution for this routing and 
scheduling problem, all feasible schedules are first generated 
for each cargo. Second, an optimal speed is selected for each 
cargo schedule. Finally, with these all feasible schedules, this 
method solves a set partitioning problems to determine the 
least expensive schedule for each cargo. Each cargo consists 
of a designated quantity of a product to be lifted from one or 
more load ports to one or more destination ports with time 
windows. This algorithm first generates a candidate schedule 
for each ship that contains all feasible solutions. This 
guarantees optimality, or alternatively can be heuristically 
limited to contain only those schedules likely to be in an 
optimal solution according to the size of the problem and the 
computational time requirement. Choosing one optimal 
solution within the candidate schedule is formulated as a set-
packing problem and solved by a dual method of the 
Lagrangian relaxation algorithm 
 

2.3 INVENTORY ROUTING  
The inventory routing issue is a dispersion issue in which 
every client keeps up a nearby inventory of an item. A few 
hubs expend a specific measure of item day by day, and 
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others deliver a specific measure of item every day. The goal 
is to limit conveyance costs while endeavoring to guarantee 
that no client comes up short on the item, and no maker needs 
to stop creation due to constrained capacity limit. This sort of 
issue is ordinarily confronted by significant oil organizations 
that straightforwardly control armadas of boats or now and 
then utilize spot sanctioned vessels for the vehicle of crude 
materials utilized as a part of their business. For the most part, 
the ship proprietor transports the payload (generally substance 
items) so as not to be shy of the assets expected to work. 
Once in a while in synthetic ventures, consistent generation is 
required due to the colossal setup expenses to restart 
creation. The general approach is to consider the time interim 
in which every office ought to be stacked or emptied 
considering the wellbeing inventory level. Without hindering 
nonstop creation of every office, applicant calendars of vessels 
are produced and the best course is chosen.  
 

2.5 BERTH ALLOCATION PROBLEM   
The most widely recognized target is to limit the aggregate 
time spent at the port by all vessels. At the ports where the 
vessels can billet at any position of the dock, the BAP is called 
Continuous Berth Allocation Problem. With a specific end goal 
to fulfil an operational normal for the particular ports to supply 
the oil stages, yet in addition regular to numerous different 
ports on the planet, where certain freights must be taken care 
of in certain berthing positions along the wharf. The proposed 
show was connected to the genuine issue of the port to survey 
the nature of the arrangement came to. There is a numerical 
model for the CBAP with freight working restrictions along the 
pier to meet the operational normal for particular ports to help 
the seaward oil stages where certain loads must be worked in 
certain berthing positions along the dock The model for the 
CBAP with the situating of the vessels constrained by the 
payloads to particular fragments of the dock figured as a 
Mixed Integer Linear Programming (MILP)It proposed an 
answer utilizing Population Training Algorithm/Linear 
Programming (ATP/PL) proposed an answer through Genetic 
Algorithm to limit the quantity of vessels rejected for not being 
berthed before the most extreme due date. They utilized 
Genetic Algorithm to take care of the issue.  MILP display 
depends on the two-dimensional bundling issue. 
 

6 USE OF SOFTWARES USED IN FREIGHT 

LOGISTICS  

Many commercial products, known as Terminal Operating 
Systems (TOS), are developed and used in practice. This 
section talks about some typical and well-known products. 
TOS is composed of sub software for administration, 
executing, planning, reporting scheduling, and parts. The 
administration section deals with the management of container 
boxes and move orders to and from shipping lines. Generally, 
internet access or electronic data interchange (EDI) are used 
for transferring container move orders. This data is basic input 
information for the planning part of the whole process. There 
are pre-defined contracts of vessel calls with shipping lines 
and the data collected are inputted into the berth planning 
module which helps in scheduling position of the vessel and 
also the actual berthing time. The yard planning helps in 
stacking for import, export, and shipment of containers by 
developing an optimal yard position for a ship container. The 
resource planning assigns human resources to various tasks 
of handling in order to help with the main activities in 

terminals. The component of human resource required 
includes the drivers of crane, machines, checkers, etc.  
Common characteristics of the system of commercial TOS are: 
 

6.1 BERTH PLANNING  
The system includes editing calling schedules that arises from 
contracts in association with shipping lines, allocating vessels 
to various berths considering QC allocation, assisting berth 
allocation on account of the flow of traffic of transporters and 
container positions. The berth allocation software also includes 
estimating berthing and time of departure of each vessel.   
 

6.1 YARD PLANNING 
The yard planning sub software includes defining  stacking 
rules for import, export, and shipment containers, selecting 
storage area of the containers, carrying out  workload 
distribution over yard areas at the time of vessel loading and 
unloading process, forecasting the inflow of future container , 
its outflow, and also the inventory required for each vessel, 
helping out in reservation of the for each vessel at each bay 
and also in each block, encouraging  the outlook and 
operation of housekeeping of shipping containers and also 
visualizing the yard map showing stacks.  
 

6.2 RESOURCE PLANNING 
The resource planning software includes registering personnel 
information via job rotation, skill chart, etc., formulating the 
units of work time and calendar information such as shift, 
holidays, etc, recognizing the workload and human resources 
at each segment of time and also allocating operators to 
various shifts.  
 

7. SOFTWARES USED IN FREIGHT LOGISTICS  
During real-time operation, the Terminal Operating Software 
develops an optimal executing algorithm for QCs and vehicles 
to execute the various tasks of handling on time. The real-time 
schedule can be explained as a short-term schedule that 
covers a time period shorter than 30 minutes. The software 
also schedules the handover time period of containers in 
between different pieces of equipment so as to reduce the 
waiting of equipment and their optimum utilization. When 
instrument becomes available to use, the next task or when a 
new task asks a schedule, a decision has to be formed for 
matching the task with a set of resources that is required to 
carry out the task. To be the backbone of various functions of 
Terminal Operating Software, many TOSs have been formed 
and used in daily work. Some of them are described below:  
 

7.1 NAVIS SPARCS N4  
The software has been formulated at around 200 container 
terminals in the whole world. It is utilized as standard package 
software. Thus, depending on the needs of the customer, the 
uses of the software are to regularly improve and the improved 
version is then provided to customers.  
 

7.2 MAINSAIL VANGUARDTM  
The software has been developed at around 50 container 
terminals in the world. The software includes 3D visualization 
modules that provide uses such as real-time resource 
management, dynamic workflow tools, and instant 
communication with consumers. ―Active Inventory Control‖ 
brings about inventory management of containers, rolling 
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stock, break-bulk, over-dimensional cargo, and hazardous 
materials  
 

7.3 3D LOAD PACKER (3DLP)  
3D Load Packer is the unique space optimizer software that 
helps in quick and easy planning of the best compact 
arrangement of a number of different size 3D rectangular 
objects (hereafter called "Boxes") within one or more 
rectangular enclosures (hereafter "Containers"). 3DLP is 
based truly on three dimension and quick packing algorithms. 
The program can be used in the space optimization in multi 
directions such as in rectangular containers, train 
compartments, crates, pallets, other modes of transport as 
well as can be used in any other 3D space optimization 
problem. The main work of the software is to optimize various 
containers of multiple sizes at the same time, taking into 
consideration the size of the overall box and the orientation of 
the available space in the box which is either box specific or 
by taking into account all the boxes on a whole. The actual 
optimization factors are based on the load weight limit which 
may be taken as a constraint. The software also has the 
facility of allocating the cost of each box or container item, so 
that the total cost can be calculated and the thereon effect of it 
on the optimization factor. Optimizer goal and main settings 
can be adjusted. Typically, the software reduces the volume 
waste by 1.5-2 factors with respect to planning of the load. 
 

7.4 TOPX-ADVANCE BY RBS:    
(TOPX) is the only true real-time system that helps in 
graphical interpretation. The software is quick to comprehend 
and also easy to use. The system navigation is visual, icon 
driven. Stating the features, the software works on the real-
time, networked data which provides all users to view the 
exact data in real-time, simultaneously as the containers are 
manipulated on the computer screen; the changes on the 
actual screen are seen on all the other screens in a very less 
time. There is also a feature as in if a container is being used 
by one user, the software displays message to all the other 
users in that time if the container is tried to be operated by 
them also. It makes sure that no two users simultaneously use 
the same container until it is spare. Real time sharing of data 
provides the software an advance and unbelievably quick 
response time and also help in reducing the network traffic to 
an extent. The process helps in optimizing the time so that the 
users can utilize their time properly in optimum condition. 
 

8. HOW OPERATIONS RESEARCH HELPS IN 
SHIPPING?    
Container terminals represent nowadays a key factor in the 
global shipping network. Terminal managers have to face with 
an increasing competitiveness among terminals, which require 
more and more efficiency in container operations both along 
the quayside and within the yard: the objective is usually to 
minimize ship’s turnaround time, one of the main indicators of 
the terminal performance for the shipping companies. The 
major costs at terminals can be bifurcated as follows: 50% 
spent on manpower, 25% on fuel and electricity, 25% on 
maintenance costs. Since the stakes are very high in the 
shipping industry: delays or inefficient use of vessels can 
make a considerable financial difference. Shipping companies 
therefore look for maximum efficiency - while sailing, in vessel 
usage and in the time vessels spend in a port. Attaining 
optimization in shipping operations is closely related to the 

time spent by the ship at sea and port. Reduction in port time 
can be achieved with the help of high-quality port operations. 
This allows improvement in the operational efficiency of a 
cargo service by reducing the fuel consumption of a ship and 
thereby reducing its CO2 emissions.  Decision makers today 
face the difficulty of finding ways to increase port handling 
capacity   the need to increase port capacity is fueled by 
regular growth in the number of containers entering or 
departing the port, the constant increase in ship size. Hence 
specifically during times of recession statisticians and 
economists have become particularly interested in port 
management. There is a dire need for such practices because 
liner shipping companies are influenced by market 
fluctuations. They also have to meet regulatory air emission 
requirements, such as European Directive. A few of the key 
reasons for this are, the continuing increase in the number of 
shipping containers worldwide and, the increase in the vessel. 
Other factors are: goods outsourcing being outsourced to 
China: the trend to move production facilities offshore to 
countries where labor is cheaper. All these factors are 
collectively contributing to a capacity shortage issue. For 
instance, capacity shortage creates congestion in ports and 
increases costs and delays in the entire supply chain. 
Secondly, due to capacity constraints, cargo container ships 
can visit only a limited number of ports. Thirdly, capacity 
constraints increase cost of shipping via busy and popular 
routes. Considering that fuel and maintenance costs add up to 
50% minimizing the total distance covered by containers from 
quay to yard is therefore an objective which makes sense for 
the terminal managers Moreover, the reduction of operational 
costs means reduction in terminal fares, thus giving a 
competitive edge. The transport of a shipping container is the 
combined result of a number of separate operations (loading, 
unloading, yard movements, hinterland transportation, gate 
clearance and so on) agents. More than 15 processes can be 
observed in the container supply chain for a standard 
intercontinental move. A high level of coordination and 
logistical support is required to ensure an integrated flow of 
cargo. The dynamic nature of the supply chain processes 
makes it essential to customize it for every client and 
shipment, makes the job of logistics providers more of an art.  
  

REFERENCES 

[1] Bagdoniene, D. 2008. Optimization of loading facilities at 
the terminal. Transport, 23(2): 95–97. doi:10.3846/1648–
4142.2008.23.95–97  

 
[2] Batarliene, N. and Jarašūniene, A. 2009. Research on 

advanced technologies and their efficiency in the process 
of interactions between different transport modes in the 
terminal. Transport, 24(2): 129–134. doi:10.3846/1648–
4142.2009.24.129–134 

 
[3] M. Christiansen, K. Fagerholt (2014). ―Ship Routing and 

Scheduling in Industrial and Tramp Shipping‖. Chapter 13 
in Vehicle Routing: Problems, Methods, and Applications, 
2e, eds. P. Toth and D. Vigo, pp. 381-408.  

 
[4] M. Christiansen, K. Fagerholt, B. Nygreen and D. Ronen 

(2013). Ship routing and scheduling in the New 
Millennium. EJOR, 228, 467-483  

 
[5] Dowd, T. J. & Leschine, T. M. 1990. Container terminal 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 6, ISSUE 11, NOVEMBER 2017  ISSN 2277-8616 

206 
IJSTR©2017 
www.ijstr.org 

productivity: a perspective. Maritime Policy & 
Management, 17, 107-112.  


