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Abstract—Enhancing the effectiveness of search and rescue operation at sea is the utmost importance. Once the search area has been
identified, the success of search and rescue operations depends on search and rescue vessel swept the probability area of the distress
object with the minimum search time, this is an important element to the success of search and rescue operation as it minimizes the
risk and the cost for search and rescue team. However, determining the optimal search route to find the distress object is extremely
complex because weather conditions, winds, waves, and currents always change constantly, whereas the condition of the search and
rescue vessel also changes. The present article proposes the use of a bacterial foraging optimization algorithm and applies it to finding
the optimal multi-direction search route for search and rescue vessel. The cost function takes into the consideration of the total search
time as well as the probability of quick find of the object in distress. In this paper, the Monte Carlo simulation method is used to
predict the most probable drift area of the distress object, and then a swarm of 10 bacteria is deployed for searching the optimal SAR
route. It can be seen from the calculation result that the bacteria swarm has concentrated rather well after just several generations.
The optimal search path is reasonable for the dominant weather conditions and is accordance with the popular code of practice.
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direction and revert; it usually requires a lot of time and
[. INTRODUCTION efforts [12]-[15]. This current instruction does not consider
the the efficient maneuvering of search and rescue vessel. In this

search and rescue operation and environmental protectiorff9€Nt case, since every single minute is important, a fast
are considered the supporting operations but not Ieasland precise numerical method and algorithm, instead of the

important [1]-[6]. In the search and rescue operation at Sea,manual one, is necessary. Such a method/algorithm has still

after estimating the drift area of the distress object (theabsented SO fgr. . S . .
search area), the minimum search time is the utmost The bacterial foraging optimization algorithm (BFOA) is

important element to the success of the search and rescu@” advanc_ed optimization techniqug intrOdl.JCEd _in 2002 t_)y
operation as it minimizes the risk and cost for search andR-M. Passino, a professor of electrical engineering at Ohio

rescue team. Currently, the search route for a search angtate University (USA) [16]-[18]. Within this technique,
which was originally proposed based on the social foraging

rescue vessel, searching for a distress object is ofte . . o ; .
9 J rl)ehawor of the E.coli bacteria in the human intestine, a

conducted in accordance with the instructions of the b . hould ke its ing decision b idert
International Aeronautical and Maritime Search and RescuePacterium s ould maxe Its foraging ecision by considering
two factors during its search for nutrients, namely energy

(IAMSAR) manual, a manual for organization and operation ) ; . . N
gonsumption per unit of time and signal communications

f iti d aviati h and , Which has b X X
Of martlime and aviation search and rescue, which has bee with others [19], [20]. The BFOA was developed in order to

world widely used in [7], [8]. When a rescue signal is id . d imal hni | he ab
received, the search and rescue team have to determine tH¥©9VIC€ & fast and optimal technique to solve the above
roblem. Since then, this technique has been successfully

optimal search route based on many parameters includingO : : . : ! : ;
pplied to many fields including optimal control engineering,

elapsed time, weather conditions, search devices, and units? . : .
etc. [9]-[11]. This work, if it is done manually based on network scheduling, image processing, etc. [21] and has

IAMSAR, the common search pattern is parallel sweep rec_en_tly _become one of the members _Of nature-inspired
search. In this search pattern, there is always one searcRPtimization algorithms [22]. However, it has not been

In the developing strategy of the maritime industry,
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applied to the search and rescue operation at sea, especially Swimming is the straight run (sliding) motion of bacteria
at the East Sea of Vietnam. in a pre-chosen direction. It is the result of rotating their
The present paper proposes using BFOA and applies it tdlagella counter-clockwise. In BFOA, swimming can be
compute the multi-direction search route for search andconsidered as the straight motion of a bacterium uphill,
rescue vessel around the East Sea of Vietnam in changingoward the position of local optimum. If the distance of
the weather. As the first step, the search area is simulated bgwim is long, bacteria move quickly toward the optimum.
using the Monte Carlo method [23], [24]. Based on the However, it may also cause the search to fluctuate around
simulated area, BFOA is then applied to find the multi- this point. A small swim-distance allows the bacteria to slide
direction search routes for a search and rescue vessel witklowly but steadily to a region of high nutrient concentration.
minimum search time by considering the effects of oceanThe expenses accompanying with it are that it requires more
winds and currents and consider the efficient maneuvering oftime for the bacteria to reach optimum and that bacteria are

search and rescue vessel. incapable of jumping out of the attractive area of a local
optimum.
Il. MATERIALS AND METHODS Tumbling, on the other hand, is the turning motion of

As introduced in the Introduction. the BEOA. which was bacteria by rotating their flagella clockwise. It is the action
inspired by the bacteria forage over a landscape of nutrientsOf a bacterium to che}nge Its moving d|reptlon while see!qng
for food. In BFOA, it is equivalent to starting the search in a

has been generally considered a promising solution for a directi dl luati hei d
variety of distributed optimization. The conventional BFOA new direction. By repeatedly evaluating their course an
adjusting if they are moving in the wrong direction, bacteria

consists of the following three steps. Firstly, step 1 or di hei i find f ble | . ith hiah
initialization. Initialize the population of the bacteria. Each can direct their motion to find favorable locations with higr
concentrations of attractants (usual food) and avoid

bacterium is allocated randomly over the search space. ) i

Secondly, step 2 (Evolution). Recursively manipulate the repellents (usually poisons):

population to gradually develop by a three-step procedure, i i )

i.e. chemotaxis and swarming, reproduction, and elimination ST+ =S+ V(xD )

and dispersal. Thirdly, step 3 (Termination). Return the . , , . .

solution accompanying with the fittest bacterium in the YWhere i:index of the bacterium in the population and j is a

population. f:hemo.tact_lc step in a.bac.terla I|f_et|me. '_I'h(_e chemqtacnc (+1)
Thus, after each above circle, the bacterial individuals IS applied if the following fitness inequality is satisfied:

will be stronger than the previous ones, i.e., bacteria are

getting closer to the optimal solution of the problem. As [Q(S)'(j + 1)) <Q (Si(j)) + d[Q(S)( + 1)) (2)

mentioned in step 2, in nutrient foraging and evolving,

bacteria population recursively goes through a process of 3 \here: dQ represents the total attractive/repellent force

stages, namely the chemotaxis and swarming, reproductiongetween individuals.

elimination, and dispersal. The process enables the bacteria By repeatedly undergoing chemotactic motions, bacteria

to gradually aggregate in the most favorable region or thegradually climb up the hills to approach the optimums,
region of the highest concentration of the nutrient. Imitating |ocally or globally.

foraging behavior of E.coli bacteria, BFOA seeks the
optimum of a function through the search-space by B. Swarming
conducting the local search through the bacteria chemotaxis, Swarming is an interesting aggregation behavior of
distributing local search by swarming, intensifying search in pacteria swarm. This is achieved by a primary
a promising region by reproduction, and avoiding traps of communication mechanism between bacteria nearby.
local optimums by elimination and dispersal. Due to the premature structure of bacteria cells, a
A Chemotaxis bacter_ium can exchange signal yvith just the bacteria nearby.
' The signaling scheme results in an extra factor based on
Chemotaxis is the phenomenon in which bacteria, which ~bacteria decide their chemotactic moves.
inClUding E. CO”, direct their movements according to the Unfortunate|y, the mechanism behind this phenomenon is
existence of certain chemicals in their environment. It is very complicated and has not yet been fully explainable. In
important for bacteria to move to areas of higher food BFQA, it is simulated by the attractive or repellent forces
concentration or to flee from poison. Chemotaxis is either exerted by a bacterial cell on the other. Several parameters
positive or negative. In positive chemotaxis, the movement yyst be chosen to express this effect when designing BEOA.
of bacteria is toward the positions of higher concentration of |n prief, it can be simply referred to as a process in which
the chemical concerned. Conversely, negative chemotaxisyacteria are attracted by those within a certain range from
causes bacteria to move away from them. The movement otneijr positions and to be repelled when the distance between
bacteria is the result of alternating tumble and swim phasesthem falls below a limit. If properly defined, it may help to
These 2 phases, performed through their entire lives, directegistribute the search in a promising local region around the
bacteria to search for the position or region where the foodgptimum and draws bacteria from other regions to the most
concentration is richest. attractive region of the current search:

dQ(Sl(]+1)): Z]t‘il dQ (Sl(]+1):sh(])) = Zgil ['dattractexp('wattract”Si(j+1)'sk(j) ||2)] + Zﬁil ['hrepellentexp('Wrepellent||Si(j+1)'sk(j) ”2)] (3)
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[1l. RESULTS AND DISCUSSION

where: Once the search area has been identified, the success of
ISI| : norm of vector Sighuci Watraci Mepetieni Wrepelient search and rescue operations depends on the possibility of
coefficients representing range and magnitude attractive /sweeping the probability area of the distress object within
repellent force between bacteria. minimum search time. However, determining the optimal

C. R ducti multi-search route to find the distress object in the minimum
- eproduction . ) _possible time is extremely complex because the weather
After a number of chemotactic steps, some bacteria are inconditions, winds, waves, and currents constantly change,

regions of better nutrient content than the other. Thosewhereas the condition of the search and rescue vessel also
bacteria therefore gain more food and become stronger (i.echanges.

healthier/longer). The healthier bacteria have more chance to
reproduce. Contrarily, the less healthy bacteria will

eventually die before reproducing. Distress Weather Search and rescue
In BFOA, the healthier bacteria are commonly those object’s drift database vessel's maneuvering

being in better regions of the search-space, while the weaker prediction characteristic

ones are lying in poor regions of the function values. The

reproduction of healthier bacteria, therefore, increases the

number of bacteria in more favorable regions to intensify the

search in these regions. The number of bacteria to reproduce

is chosen to be the same with a number of those who die to BEO ALGORITHM EOR

keep the population size unchanged. The process, therefore, OPTIMIZATION SEARCH

increases the optimum seeking speed in more promising ROUTE

regions and gives up the less favorable ones.

A disadvantage of this mechanism is that bacteria which
are actually in the region containing the global optimum may
be killed before they can approach the optimum to gain
nutrient in large volume. Accordingly, the region is,
therefore, not properly searched. This must be carefully
taken into consideration in designing BFOA.

Most Efficiency Search and
Rescue Route

D. Elimination and Dispersal Fig. 1 Optimization search route using BFOA
In nature, due to the sudden regional changes of theA The obiective function

environment, e.g., temperature variation, several bacteria in J

a certain region of the search-space die. On the other hand, Bacteria definition, each search strategy is a bacterial

with favorable conditions, new bacteria arise in another individual. The objective function of search and rescue

region. Inspired by the phenomenon, BFOA undergoes anoperation for an Engine order telegraph selected in the below

elimination and dispersal process in each generation. formula. Engine order telegraph, which corresponding to
Elimination is the act of removing bacteria. A number of Main engine operation mode and certain propeller round per

bacteria except several healthiest one are selected randomigpinute (RPM).

and removed from the bacteria population (elimination).

They are replaced by the same number of bacteria randomly Cost = Total Time Search — W x Total Sum of Probability

dispersed around the search region (dispersal). Thence, the

total number of bacteria in the population remains Determining the search and rescue route is forwarded to

unchanged. As stated above, premature convergence, or th&€ minimum Cost (Cost = Cqsf)

convergence to local optimum rather than the global one, is * total time the total amount of time it takes to search

deterrence of almost all numerical optimization methods and rescue (with a certain speed) but less than the total

currently in use. For BFOA, due to the randomness of the time the vessel can operate (depending on fuel,

bacteria elimination and dispersal process, the possibility for weather ...)

every local region to be searched can be significantly < W: the coefficient (to give two compatible values,

increased. because the Total Sum of Probability is too small
The elimination and dispersal may destroy the compared to Total Time Search)

chemotactic progress, but it also can be of help in improving ¢ Total Sum of Probability 2Pij

the speed of chemotaxis because the bacteria may be placed « Pij : Probability in cell i;j

in a better region of nutrient concentration. By this « j;j; cells that the search and rescue vessel sweep
diversification of search, the ability for some bacteria to through during the search process.

reach the global optimal can be significantly strengthened. In ) )
this study, an appropriate elimination scheme will be During the search and rescue operation, the search and

proposed to ensure that every local region has beerf€Scue crew (searcher) will try out the engine order_telegraph
thoroughly exploited it is abandoned (main engine modes) and select the most appropriate speed
' to ensure sweeping the expected area or sweep the widest
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area, with the highest probability of distress object in the
minimum of time.

B. BFOA algorithm diagram

1) General flowchart for calculating the multi-
directional search route for a search and rescue vessel using
BFOA: Each search strategy is a bacterial individual in a set
of bacteria that are considered a herd. As a general rule of
BFOA, optimal search based on bacterial colonies is carried
out through the steps shown in the below flowchart:

Initialize a random search and rescue plan

!

Develop a random search and rescue plan
(use high climbing principle)

}

Fig. 2 BFOA flowchart for calculating the multi-directional search route

» Bacteria Position Initialization: generated randomly

2) Loop development of bacteria generations:

Health evaluation

(effective) of Bacteria population
—_—

1 Ranking of bacterial populations by heal
(effectiveness of the plan)

=y

Bacteria Position Initialization

1 Perform random combinations of
individuals (bacterial plan)

!

Perform population development logp

) - ) Randomly elimination of weak bacteria
Determine the most appropriate
position (individual bacteria) l
1 Initialization randomly compensates ney
No bacteri
— Selection
Fig. 3 Develop loop bacteria over generations flowchart
Yes Initialize a bacterial populations. Bacteria populations is a
v initial random search and rescue plan. A bacteria consists of
2 parts {V1; V2} = {{WP1, WP2 ... WPN},{C1, C2 .... Cn}}
End e V1: A set of WayPoints for search and rescue vessel

proceed the search area.
V= {WP;, WB, .... WR}
* V.. set of consecutive search and rescue directions in

; . k - the search area.
each bacterium is allocated is a random creation of Vs ={C1, Cy... G}

plans to navigate search and rescue vessel to search perform continuous loop evolution through bacterial
areas; . generations. Improve the quality of individuals bacterial in 2
Evolution: Implement population development loop: ways, i.e. slect the WPand G randomly:

local adjustment of search plans, this step can be . gelect the navigate direction (Dir) randomly:
interpreted as loops to adjust the search plan to the , pMove the WPI to the new direction: Dir

optimal local area, then the search directions are WPi.Lat = WPi.Lat+ Cos(Dirp

become better and better by a 3-step procedure WPi.Lon - WP-i Lon+ Sin (Dirp/Cos.Lat

(Chemotaxis and swarming, Reproduction, Elimination, Check the new solution, compared with the curremt on
and Dispersal). {Vi new, V2} ’

Term.ma.tlon: Determining the most §U|table bacterial Perform moving the WP a distandein the direction:
position: After the loops have been implemented, the L .
Dir, if this is the better solution.

colonies have been converged enough and considered ReD| Ci with direci
the optimal search result for the search and rescue eplace L1 wi angw_ gefgon
=G

vessel. i
e Check the new solution {V1, V2 new}
« If this is the better solution, replace Ci = CA+
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Pairing and reproduction of populations -
« Randomly select individual father is a healthy baate PO —
in population {\; dad, \4 dad} ——
« Randomly selecting the mother is a healthy bactaria ); h .
the population {\{ mom, \, mom} / H- B
« New born child has the form: \ ) -
{V1dag V2 dad-mont ) ’\ ==
V2 dad-mon™ {C1 dad C2 dad Ca mom Ca mont T = e —
Elimination and Reproduction v / . R —
+ Elimination: Eliminate weak bacterias. ] .
* Reproduction: Create new random bacterias to replace _ o
discarded bacterias. Fig.6 Optimal Route to Scene and Search Path
C. Simulation results e — —
In the search and rescue performance, a parallel sweef . — I oo
search was selected for the search route. Using Visual Basi¢ 1 T
Dot NET to simulate a multi-directional search and rescue i ——
plan for the following cases: / P
Case 1: Person in the Water (PIW) on January 1, 2019. \ (- —
Last Known Position (LKP): Latitude: 100" N; \\ R —
Longitudinal: 10800’ E. The standby position of the search \ .
and rescue vessel (starting position for the search and rescu \ R
operation): 1436’ N; 10912’ E. A=

5 OBIECT IN DISTRESS LEE PREDICTION
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Fig.7 Detail Search Path

It can be seen from the figure that the bacteria swarm has
concentrated rather well after just five generations. The
optimal search path is reasonable for dominant weather
conditions and is by the popular code of practice

Case 2: A Fishing Vessel with on April 12, 2019. Last
Known Position (LKP): Latitude: P20’ N; Longitudinal:
11200’ E. The standby position of the search and rescue
vessel (starting position for the search and rescue operation):
12°21’ N; 10936’ E.
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Fig. 8 Drift area of the fishing vessel in distress

It can be seen from the figure that the bacteria swarm has
concentrated rather well after just five generations. The
optimal search path is reasonable for dominant weather
conditions and in accordance with the popular code of
practice
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Fig. 9 Optimal Search Route as Calculated [12]
In this case, the optimal search route has been generated
within five generations and is reasonable for dominant
weather conditions and by the popular code of practice. [13]
V. CONCLUSIONS

The authors have developed an algorithm for optimal [14]

multi-direction search route in search and rescue operation
for a search and rescue vessel strategy. Building an adapted
BFO algorithm can be used to calculate the optimal route for[19]
multi-directional search by BFO algorithm is highly reliable,
capable of calculating and giving suggestions optimal route, [16]
even in complicated weather conditions.

Determining the search area and computing optimal
search options are critical to the search results. The BFOA]
algorithm can be applied effectively to determine and applies
it to compute the optimal multi-direction search route for [18]
search and rescue vessel around the East Sea of Vietham.

To improve the efficiency of the computation, it is
necessary to study the change in the direction of the searcipg
and rescue vessel due to the weather during the search and
rescue operation, and the search area is changed due to the
weather also. These works will be studied by the authors!?!
shortly.

[19]
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