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 Efficient operation plays a vital role to develop a sustainable shipping fleet 

with cost competitive. The requirements for economic efficiency, energy 

efficiency, reducing emissions, and increasing safety and security lead to an 

innovative model in the optimal weather routing system. The vessel routing is 

influenced by the quality of meteorological and oceanographic data such as 

wind, waves, and currents. In this study, the model optimization of weather 

routing considers the meteorological and oceanographic information, ship's 

characteristics combined with an adaptive bacterial foraging optimization 

algorithm (BFOA) will be introduced and applied to the ship’ navigation at 

sea. The simulation results will be evaluated the effectiveness and reliability 

of the model. This model will support ships’ navigation to be safer and more 

comfortable, operate more efficiently and reduce emissions. 
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1. INTRODUCTION  

Shipping activities play a vital role in the development of the global economy. However, a vessel’s 

navigation has always been a difficult and complex task. There are many marine traffic accidents that still 

occur mainly due to human error in information judgment and decision-making in a specific context. In the 

past, there have been a number of studies that have been carried out on ship routing, concerning the ship's 

characteristics and the weather forecasts as well as the choice of mathematical model and algorithm. The 

potential benefits of weather routing in navigation and its optimization are well studied in [1]–[4]. The aim of 

weather routing services is to support to ship master [5], [6] to reach minimum time. Nowadays, with the legal 

air emissions from the vessel and the increasing oil price, various optimal voyage is combined with weather 

routing measures [7]–[9] in order to support making optimum routing and ship’s speed [10], considering the 

minimum fuel consumption [11], reaching time arrival, and ship’s safety [12]. Therefore, the ship's speed or 

power performance will operate in different conditions [13]–[15].  

The weather routing problem was called by various scientists and shipping companies. There are 

various algorithms that have been developed can be divided into four categories, including the isochrone 

method, genetic algorithms, calculus of variation, and dynamic program [3], [11], [16]. The isochrones 

methods and a modified isochrone [17]–[20] have been widely used by weather routing service providers 

around the world. The disadvantages of these approaches note the phenomenon that at some point isochrones 

can currently be stuck at the landmass, resulting from the incapability of creator points for the isochrones. What 

is more, this method is less or more based on the dynamic programming measure that is unsuitable for the 
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changing environments over time, which is truly the case we normally go through at sea [1], [11]. The genetic 

algorithm is a strong capability for multi-objective optimization, but it normally needs a long-time to get 

convergent results [21]. The dividing rectangles algorithms [22] have presented approaches that are to call the 

attention of scientists. The algorithm has a significant impact on the determination of optimal vessel routing 

and solving time. Each optimal method has its pros and cons and may be suitable for specific ships, depending 

on the requirement of arrival time, ship motion safety, or/and energy efficiency [6], [14], [23]. The isochrone 

measure has been widely used for the estimated arrival time of routing plans, limiting value for other variables 

and constraints. The Dijkstra and dynamic methods could give the optimal routing for the coastline routing 

plan from the given grid, depending on the grid solutions and computation [13], [14]. 

Therefore, this article will be proposed a new efficient and safe navigation model (ES-NAV) for the 

optimization of vessel weather routing in real-time by using an adaptive bacterial foraging optimization 

algorithm (BFOA) [24], [25]. In this model, the swarm intelligence-based optimization techniques will detect 

the best route in real time that considers the ship’s characteristics, energy efficiency, and weather forecasts. 

The model is applied to the specific vessel in the South China Sea for highly rated results. 

This article is organized into 4 sections. Section 1, Introduction, reviews the previous studies.  

Section 2 discusses the optimization techniques, the method, and an illustration of the used methods and model. 

Section 3 describes the model results and implications. Finally, the section conclusion the empirical findings 

with some concluding remarks. 

 

 

2. OPTIMIZATION TECHNIQUES 

The BFOA is an enhanced optimization measure introduced by Passino, a professor of electrical 

engineering at the Ohio State University (USA) [26]. In this measure an optimization technique of searching 

based on an evolutionary process. It is proposed based on the foraging behavior of the Escherichia coli  

(E. coli) bacteria living in the human intestine. The bacterium should make its foraging decision by considering 

two factors in the way of finding nutrients, including energy consumption/time factor and signal transduction 

with other factors. Therefore, the BFOA was proposed to solve these problems with a fast and optimal measure. 

The BFOA measure is a nature-inspired optimization algorithm that has been successfully applied to 

various majors such as optimal control engineering, network scheduling, and image processing [27], [28]. Until 

now, this measure has not been applied to the navigation of ships at sea. The BFOA has been an expected efficient 

solution for various optimization problems [25], [27], [28]. Normally, the BFOA consists of three steps. 

a. Initialization: bacterial population initialization, in which each bacterium is randomly allocated on the 

finding space. 

b. Evolution: repeated bacterial colon evolution goes through the main four-step. 

− Chemotaxis consists of two processes, swimming in a predefined diction and tumbling in different 

directions, which are characteristic of the movement of bacteria in search of food. 

− Swarming: bacteria congregate and move in a concentric fashion with high bacterial densities. 

− Reproduction: the healthier the population replaces the bacteria which get eliminated. 

− Elimination and dispersal. 

c. Termination: returns the option for the best individual bacteria, after a certain number of rounds of 

generational evolution.  

However, when applying many multi-model functions with different complexity, there are 

disadvantages of the classical BFOA: the ability to find the optimal value decreases drastically when the 

number of dimensions is zero, the time to search, or the complexity of the problem increases. Therefore, 

Tripathy et al. [29] proposed BFOA which applies 2 changes: the optimal value at each position is used instead 

of the average value of all steps. The distance of each bacterium to the bacteria corresponding to the best 

solution found is used as a factor to change the length of the displacement step (slip), thus increasing the 

convergence rate. Mishra proposed a fuzzy method to determine the optimal step length for the BFO algorithm 

at each time [30]. Singh et al. [31] proposed an alternative in which the flocculation is performed similarly to 

the particle swarm optimization (PSO) algorithm, whereby the position of each individual bacteria after each 

move is moved. The movement step is decremented after each loop, this algorithm is called the fast bacteria 

swarming algorithm (FBSA) (1). 
 

If 𝑄 (𝑆𝑏 (𝑗) < 𝑄(𝑆𝑖 (𝑗 + 1) then 𝑆𝑖−𝑛𝑒𝑤  (𝑗 + 1) = 𝑆𝑖−𝑜𝑙𝑑(𝑗 + 1) + 𝐶𝐶𝐶  𝑋(𝑆𝑏(𝑗)– 𝑆𝑖(𝑗)) (1) 
 

where b is the best bacterium in the previous chemotactic step, and CCC is an attraction factor. 

Similarly, Guo et al. [32] proposed the adaptive bacteria foraging optimization algorithms to  

adjust the run-length unit parameter dynamically during algorithm execution in order to balance the 

exploration/exploitation tradeoff. There are also many other modifications to the other BFO algorithm, 
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however, these modifications are application-specific, and there are no general rules for choosing design 

parameters for the algorithm. 

 

 

3. METHOD 

In the ES-NAV model, the authors set up 3 groups of input data, including area of operation: establish 

a safe sea area to operate the vessel from the port of loading to the port of discharge: depth, width, and obstacles. 

Weather information such as wind (direction and speed), waves (height and direction), and currents (direction 

and speed). updated in real-time from the service provider. Ship’s own maneuvering characteristics are 

revolutions per minute (rpm), draft (ship’s draft), and trim (the difference of the draft). By listing and recording 

the results, the authors build a database of changes in the vessel’s speed under the influence of weather factors 

(wave, wind, current) in rpm, draft and trim as shown in Figure 1. 

 

 

 
 

Figure 1. Optimal weather routing for vessel by using BFOA 

 

 

The specific voyage of the ship is a bacterial individual in a set of bacteria which is considered a 

swarm. According to the rule of the BFO algorithm, optimal weather routines for bacteria colonies are 

performed in the flowchart as shown in Figure 2. In bacteria position initialization, it is generated randomly, 

each bacterium is allocated in a random creation of routing plans. A bacterium position (a solution, a route 

equivalently) is a combination of S of the grid points (one point on each line) as denoted in (2). The search 

direction (or the tumble of a bacteria) can be expressed as the vector V in (3) and a swim. 

 

 

 
 

Figure 2. BFOA flow chart of optimal weather routing 
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𝑆 = [𝑔(1), 𝑔(2), … , 𝑔(𝑖), … , 𝑔(𝑁)] (2) 

 

𝑘 = [𝑘(1), 𝑘(2), … , 𝑘(𝑖), … , 𝑘(𝑁)] (3) 

 

𝑆’ = 𝑆 + 𝑉 ∗ 𝐿 (4) 

 

where 𝑔(𝑖) = [1 𝑡𝑜 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠 𝑜𝑛 𝑔𝑟𝑖𝑑 𝑙𝑖𝑛𝑒 𝑖𝑡ℎ]; 𝑘(𝑖) = 0 or 𝑘(𝑖) = 1; k is vessel speed [kts];  

N is the amount of grid lines; and L is the selected swimming length. 

In the evolution process, it implements development of population loop: local tuning of the search 

plan can be understood as using specific loops to tune active areas to optimal routing by 4 steps. In termination, 

after performing the loops, the colonies were sufficiently converged and considered the optimal result for ship, 

determining the most suitable bacteria location. 

 

 

4. RESULTS AND DISCUSSION 

In this research, the weather forecast information and ship’s parameters are continuously updated and 

applied to calculate the optimal weather routing for a vessel from the port of departure to the destination port 

(Vietnam’s East Sea). The data processing was performed in 3 steps. 

Step 1: Collecting data 

In this study, the wave and wind data were collected from wave-wind report of Research Institute for 

Sustainable Humanosphere (RISH), Kyoto University, Japan by gridded binary files or general regularly 

distributed information in binary form-Grib files [33]. The current data were collected from Ocean Surface 

Current Analysis Real Time (OSCAR) project by Jet Propulsion Laboratory Physical Oceanography, California 

technology Institute, USA, global flow forecasting and analysis database system stored in netCDF format 

(format network common data form) [34].  

Step 2: Data decryption 

The current data of OSCAR is in the netCDF file. Win-wave data of RISH is in the Grib file. Two 

files were decoded by using software. They were developed from Visual Basic 2010 platform as shown in 

Figures 3 and 4. 

Step 3: Applying BFOA to optimize 

In order to find the best ship routing, a computer program has been developed based on the BFOA 

algorithm. The waves, wind, and current data were entered into a computer program. This program supports to 

calculate the best route in a specific course and speed for each distance between two waypoints. 

In order to verify the BFOA model, this model was developed to be the optimal route calculation 

software tested on the M/V gas nirvana as shown in Table 1. The forecast was produced on December 6th, 

2020, for 6-hour intervals. The results show that the population is distributed over the grid, all the bacteria 

further converged in a narrow region around the optimal route as shown in Figure 5. 

 

 

 
 

Figure 3. Simulated results of decoding global wind data on Dec. 6, 2020 
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Figure 4. Simulated results of decoding global wave data on Dec. 6, 2020 

 

 

Table 1. Ship parameters 
Ship form parameters Value 

IMO No 9140607 

Ship type LPG Tanker 
Length over (m) 105.03 

Beam (m) 19.54 

Gross Tonnage 4961 

Summer Deadweight (t) 5886 

Year of Built 1996 

k1(kn) 9.0 

 

 

 
 

Figure 5. Simulated results of optimal weather routing sample for vessel 

 

 

The results show that the optimal weather routing using BFOA can save about 10% of fuel 

consumption compared with normal ship-routing. The currently weather routing method which are assessed by 

International Maritime Organization (IMO) can reduce fuel consumption by 1 to 10%. Obviously, the BFOA 

route is more efficient than the currently weather routing methods. 

 

 

5. CONCLUSION 

Optimum vessel routing is warmly welcomed by almost everyone in the shipping industry for its real 

advantages, including time and cost savings, enhanced security and safety as well as saving fuel and reducing 

emissions in transportation. Therefore, in this paper, a model for adaptive BFOA by improving the efficiency 
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of the search algorithm has been proposed. The modifications have been proposed, taking into consideration 

the important aspects. An adaptive length algorithm is proposed to enhance the convergence rate and the 

bacteria's ability to jump out of the gravitational regions of the local optimization. This adaptive BFOA is 

effective for real-time applicable optimal weather routing purposes. The results show that adaptive BFOA is 

indeed a really reliable and energetic measure. This model is forecasted to be able to provide good support to 

captains and shipping lines in operating ships efficiently and safely, saving fuel, and reducing gas emissions. 
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