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Abstract
The rapidly developing field of optical wireless communication (OWC) technologies may be
advantageous to radio frequency wireless communications in some applications. It is believed to be a 223

viable remedy for reducing spectrum congestion and increasing system capacity in the next generation
of 5G communication networks. Before OWC may be used in current and future communication
systems, more study and development are required. When building a routing protocol for Underwater
Wireless Sensor Networks (UWSNSs) with limited energy resources, it is important to take into account
an efficient method that can intelligently use energy, extending the network's lifespan. Both load
balancing and energy usage are critical for a network's extended lifespan. This problem can be resolved
by implementing sink mobility into sensor networks, which balances energy consumption among nodes
while also protecting node energy. Multiple mobile sink architecture based energy efficient routing
protocol (MSEERP), a revolutionary protocol for UWSNSs, is proposed in this research. To solve the
problem of connectivity gaps and rapidly gather data from sensor nodes, multiple mobile sinks are used.
Comprehensive simulations are used to evaluate the effectiveness of the suggested approach, and the
outcomes are contrasted with the GEDAR routing protocol.
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1. INTRODUCTION replace their batteries [3-5]. To optimise
Underwater wireless sensor networks, or network longevity, an efficient routing
UWSNs, are composed of underwater- strategy that balances energy dissipation is

installed sensor nodes that communicate
with one another wirelessly via an acoustic
communication channel to carry out
cooperative tasks within a designated region
of interest [1]. The network's sensing devices'
coordinated behaviour enables a variety of
applications, including remote mining, oil
reserve discovery, surveillance, ocean
monitoring, and catastrophe warning [2].
Because UWSN sensor nodes run on
batteries, it is not feasible to recharge or
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therefore sought for [6]. Because geographic
routing is a scalable and simple technology to
apply, it is widely recognised to reduce
energy usage [7]. Nodes select the optimal
path based on distance because sparse
deployment employs a greedy technique,
which causes nodes to select the samenode
indefinitely and rapidly deplete its battery [8].
As a result, an energy hole is created,
breaking the data flow and preventing
downstream nodes from sending the base
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station with their observed data. The
opportunistic routing technique allows data
to be transmitted to the target node
efficiently even in the event of a node failure
[9].To address the hidden terminal issue, a
geo- opportunistic routing model s
developed [10]. The network's topology
evolves over time when sink mobility is
added. To lessen the strain on intermediary
nodes caused by traffic, mobile sinks retrieve
data from empty holes and directly gather
data from underwater nodes [11]. The
availability of mobile sinks creates a plethora
of opportunities, such as seabed scanning
and the identification of minerals from the
seas that are too deep for humans to
monitor.
2. RELATED WORK

[12] As soon as the source node embeds
its depth information in a packet, it is
broadcast. The depth information in the data
packet is retrieved by each recipient node,
which then compares it to its own depth. The
packet is simply rejected if the receiving node
is deeper than the sender node. In the event
that not, the receiving node joins the packet
forwarding process and becomes a next hop
node. Before sending the packet, the nodes
in the forwarding set compute a holding time
and wait for it to pass. Every node in the
forwarding set loses a packet if it is overheard
by a node with a higher priority during its
holding time. DBR does not address the
communication void issue and has a problem
with duplicate packet transmission. An
energy-efficient depth-based routing (EEDBR)
substitute for DBR was introduced by the
authors [13]. Deep learning and residual
energy are used to find acceptable
forwarding nodes. With EEDBR, the void
handling technique is not supported.

The authors developed HydroCast, a
trustworthy pressure-based routing
technique [14]. Each receiving node
calculates its Expected Packet Advance (EPA)
based on the PDR when a packet is
transmitted, then forwards to the
destination. The forwarding set selection
procedure in HydroCast is enhanced by
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proposing a clustering mechanism with a
maximum two-hop distance, which permits
all cluster members to hear each other and
have enough EPA. The typical overhear and
suppression strategy to stop packets from
being routed through lower-rank nodes is
improved by this clustering approach. Every
source node in EEF determines its fitness
value when it is compelled to send in a data
packet. Once the data packet has the sender
ID, sender fitness value, sender location
information, and destination location
information, it is broadcast to its one hop
neighbours. Prior to comparing it with the
fitness value obtained from the data packet,
each receiver node computes its own fitness
value. If its fitness value is higher than the
sender's fitness value, it takes part in the
packet forwarding process. If not, the packet
is simply thrown away. The method for
handling voids is not supported.[16] Through
integration of certain courier nodes into the
network architecture, AMCTD enhances
DBR's efficiency. Every node sends out a
welcoming message and determines its
weight based on depth and energy left.
Courier node migration starts to move higher.
The data packet is forwarded to the courier
node if it is listed as a neighbour of the
sender node. The courier node then sends an
acknowledgment to other neighbour nodes
to stop them from forwarding duplicate
packets. The data packet is received by
eligible nodes, who compute the holding
time. The eligible nodes listen to the network
to suppress duplicate broadcasts during the
holding period. Until the packet reaches the
courier nodes or sinks, this process is
repeated. To handle void nodes, it lacks a
void handling mechanism. The authors [17]
presented void aware pressure-based routing
(VAPR), a pressure-based and beacon-based
routing technique for UWSNs, to effectively
address 3D voids.Every surface washbasin
transmits a beacon packet to the water's
bottom.

This process keeps going until every node
figures out how to go to the sink and where
to hop the next time by using depth data and
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the total number of hops. Next, the directives
from the sender node and the next-hop node
are used to determine which forwarding set
to use. Next, the chosen nodes are arranged
based on how far they have to hop to reach
the washbasin. A winch-based tool is used by
the GEDAR [18] to adjust the void node's
depth in a vertical manner. With the depth
modification, the greedy forwarding method
is likewise carried out once more. In order to
save energy, authors [14] proposed a
communication method for gathering data
from underwater sensor nodes utilising
autonomous underwater vehicles (AUVs)
[19]. Using this method, a cluster is built and
information is gathered from every cluster
head node to ensure equitable energy
distribution across the network's nodes. But
since there isn't a multi-hop mechanism in

It is assumed that the machine control path planning is o = (a1, a2, a3 ) ,

place in case the AUV goes outside of the
communication range, the delay s
considerable. Moreover, network throughput
is decreased and void gaps are created by the
immutable cluster head node selection.

Optimization of the Robot Path

For the purpose of addressing the
problems arising in the traditional robot path
planning, the image processing technology is
used in this paper to resolve the local
minimum issue in the image processing
technology so as to improve the real-time
performance and effectiveness of the robot
dynamic planning in the process of machine
control. The machine control variables can be
represented by a ternary array (ri, ra, r3 ) ri <
r, < r3, and its dependent function can be
expressed as the following

B = (b1, b2, b3 ), and the

expansion principles in accordance with the machine control retrieval number of addition and number

multiplication are described as the following
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y)lz=x+
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(a2+ b)) - (az+bs)
0, otherwise

That is, the sum of the machine controlled path planning is still path planning controlled by the
machine, and the following can be obtained
oa+B=(a1+by,a;+ (3)
bz a3+ b3 ) 226
From pa (2 ) = sup{pa (
x) z = A}, the following

can be obtained
- [ ey, Ao |

Aas),A20
(4)

()l ,\a, )\a) )\<0

It is assumed thata i = (an, g, a3), i =1, 2, , m , which stands for the machine controlled path

planning.  Thus, the non-negative linear
combination of planning can be obtained as the
following o i with the machine controlled path
(5)
SAiai, Ai 20
i=1

it is still path planning controlled by machine, and the following can be obtained
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In the path planning environment
controlled by machine, the chance is
understood as the possibility that the
constraint conditions hold. The planning is
carried out on the basis of the machine
control path planning constraint conditions.
The stochastic machine control path planning
and machine control path planning control
plans have provided a powerful tool to

The image processing group algorithm in
the image processing indicates the motion
path of the robot, which is set as N motion
trajectories in this paper; and the image
processing dimension D stands for the
number of path entries between the starting
point and the end point. The path planning
process of the robot can be expressed as the
planning process to obtain the value for the
optimal angle in the planning of each path.

In this paper, the relevant model is
established by using the raster method. The
raster method is used to divide the motion
range of the robot by selecting the raster
with the same size. The motion environment
of the robot can be represented by a
combination of polar and Cartesian
coordinates. The length of the polar
coordinates stands for the distance between
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Figure |. Structure of the robot system

&

address the optimization issues based on the
stochastic parameters and the machine
control path planning parameters. The
bicircular arc curve equation can be used to
calculate the dynamic variation of the motion
curve during the motion of the robot by using
the machine control parameters a and B as
machine control variables [10]. The details
are shown in Figure 1 as the following.

the initial point and the end point in the path
of the robot, and the angle stands for the
reachable range of the motion. The value for
the granularity of the grids should be set in
accordance with the specifications of the
robot and those of the obstacles. The details
of the relational detection method on the
basis of the polar and right-angle coordinates
are shown in Figure 2 as the following.
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Figure 2. Schematic diagram of robot path detection under the polar and Cartesian coordinates

The flow chart of the machine control path planning algorithm is shown in Figure 3 as the following.
First of all, it is assumed that G = (S, E) is the raster map, in which S stands for a series of rasters at the
possible locations of the robot, and E stands for the boundaries of these locations. The function
indicates the region close to the raster ag (s ) , Suec (s ) € S stands for the raster behind the raster, and
Preg (s) € S stands for the raster in front of the raster; v(s) indicates whether the robot
can reach the grid[11]. When the s« € S and the target grid Sgoat € S are given, the

first grid

machine controlled path planning algorithm can be used to generate the shortest path by assuming the
estimation function g(s), which has recorded the consumption from the initial state to each other state
s, as shown in Figure 3 as the following.
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(IO, if

S - Ssrart

g (g(s")+cl(s,s)), otherwise (7)

(5) S'€ Pred (Fi)

min
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(a) Initial step of path planning (b) The first step of path planning

() The fourth step of path planning (f) The fifth step of path planning

(c) The second step of path planning (d) The third step of path planning

(g) Completion of path planning

Figure 3. Diagram of the flow chart of the machine control path planning algorithm

At the beginning, all the sums h(s) are set to
0, and v(s) is also set to false. That is, the
information on whether all the grids are
passable is unknown to the robot. When the
retrieval starts, S is set to CLOED; that is, there
is no need to reach the barrier again. For all the
grids
S € a4 (Sstarr ) , the function g(s) and the
k(s)=g(s)+h
(S, Sgoat)

Before the planning of the global path of
the court robot, it is necessary to establish a
model of the court management
environment to improve the court
management condition for the court
management robot. The 3D reconstruction
technique based on computer assisted
multimedia, also referred to as the cell
decomposition method, is used to divide the
environment where the court robot is located
into various areas and volumes and partition
the environment into a number of 2D or 3D
grids with the consistent shape. In addition,
the other components of the court
environment are abstractly illustrated in the
small grids to build a court environment that
can be easily understood by the robot.

As far as the BS warehouse system is
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O,

value h (s, Sgoar) are calculated. If the grid s

is not set in

CLOSD, then it is added to the OPEN
sequence. In the OPEN sequence, the grids
required by the robot are stored and sorted
in accordance with the k(s) function. The
details are shown in the following.

(8)

concerned, its main facility should be an
automated stereoscopic warehouse. Before
the goods are put into storage, the racks in
the area should first be classified before the
inbound goods are stored; and after the
classification is completed, the specific rack
assighment is carried out for the relevant
goods. Upon the classification, it is assumed
that the access rate of goods is known, the
number of goods to be stored is known, the
type of goods is
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known, and the quality of a single type of goods
is known as well. In this paper, the method for
cargo classification is described in the Table 1 as

2) Through the classification of the types
of supplies, the structure of the warehouse

the following.

1) The regularity of the inbound supplies
to the warehouse and the quality of supplies
is determined; and then the relevant supplies
are classified into various zones. The number
and type of supplies are consistent with the
shelf number and quantity available in the
warehouse at present.
inbound and outbound frequency, and

combination of the mass of supplies and the
inbound and outbound frequency,
respectively, which shows a constant
decreasing trend. If the goods are divided by
region based on the value of p, then the

p={0,1,2,
for

racks can be divided by sector. For example,
an 8-column four-layer rack can be used for
division in accordance with the four accesses;
and a multi-objective structure function is
established on the entry and exit of the goods
and the quality control of supplies for the
purpose of achieving the proper division of
the supplies. The supplies are regrouped by
using P in accordance with the

value of p in Table 1 below can be grouped
into the same region and sorted by the size of
p. A smaller value of p indicates that the
cargo area is closer to the outbound port.

Table 1 Sectoral partitioning of the rack with 8 columns and 4 layers in the 4 partitions

I
olrk|Nn|w
- |o|o|o
m|nfn
olrk|N|w
T (T |T [T
m|nfn
R RLIN|W
o |o|o|o
I I
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T |T |T|T
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T |T (T[T
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]
NININ| W
T |T|T|T
1] 1]
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T |T|T|T
1] 1]
W wwlw

T |T|T|T
1]

3) If the possible partition in the previous
step fails to comply with the quality
requirements, the principle of proximity;
after processing, the quantity to be collected
from the rack in the vicinity is determined;
and if the goods in the location of the cargo
area are not sufficient, the goods from the
adjacent cargo rack can be taken.

The distribution of cargo racks is carried
out in accordance with the distribution of
cargo zones. Firstly, the cargo area of the
cargo racks is divided into sectors based on
the type of the relevant cargo, and the cargo
racks are optimally allocated in accordance
with the classification of the cargo racks.
Subsequently, the racks are optimally
managed based on the rack optimization
strategy. The primary goal of the automated
warehouse storage shed allocation is to
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improve the operation efficiency of the
automated warehouse and carry out storage
or selection in accordance with the optimal
choice when the inbound operation is
conducted.

It is assumed that a mathematical model
is established, and the fixed shelves of a
certain warehouse share the p column and
the q layer. The shelf in the i column and the j
layer is (0, 0), and the main weight elements
of therackare (i,j)(i=1,2,,p;j=1,2,,q),
that is, the weight of

www.neuroquantology.com
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the
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goods and the inbound and outbound established for the multi-objective issue, and
frequency[12]. Thus, the objective function is the details are shown as the following.
In the above x;=00r1,i=1,2,3 p,i=1,2,3 g ; mj; stands for the
equation, when mass of
231
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the goods in the i-th column and the j-th layer of the rack; njstands for the total volume of goods to
be prepared for storage; viand v, stand for the horizontal displacement speed and vertical
movement speed of the aisle stacker; L and H stand for the length and height of the cargo location.

In the model described above, the heaviest luggage is stored at the bottom and the lighter luggage is
stored at the top of the rack according to equation (9), so that the center of gravity of the whole rack is
kept at the bottom to ensure the stability of the rack. In the equation (10), the inbound goods are
divided by the loader in accordance with the frequency of the cargo and allocated to the racks on the
basis of the shortest route strategy, which allows for query according to the location. In addition, the
goods should be on the rack as close to the exit as possible. In the equation (11), the acceleration of the
stacker is not taken into consideration, and the division operation is carried out on the goods placed by
the stacker on the first column and the j-th layer of the rack to determine the time required to transport
the goods to the inbound port[13-14].

The image processing protocol is analyzed on the basis of the similarity of theoretical knowledge and
biological groups. The relationship between the above two is determined in accordance with the coding
operation; and then, a series of operations of selection, exchange and variation are set up based on the
mechanism of biological selection, heredity, and variation in simulated nature to complete the process
of query reinforcement for the optimal solution of this problem. Finally, the problem is resolved on the
basis of certain requirements for optimal determination.

The stability of the rack and the access efficiency of rack allocation are multiple objective functions
of the reinforcement issue that needs to be taken into consideration[15]. The basic image processing
technique is applied in this paper to carry out the relevant processing. The basic image processing
technique is composed of the contents of three operations: selection, interaction, and variation. The
main processes are described as the following.

1) The matrix coding is carried out for all the layers from top to bottom, and all the goods are coded
from left to right in the zone. In accordance with the features of the relevant rack, the g*p matrix is used
to conduct the encoding. If the element of the orientation in the i-th row and j-th column of the matrix is
m, then the goods with the number m are placed on the i-th row and j-th column of the rack.

232

Figure 4 below shows the coding for the first row of the rack at a glance. Subsequently, each row is
coded in the same way as the first one; and the second row of the rack is coded starting from the
number g+1. The matrix coding method is based on 1:1, and each element in the matrix stands for a
custodian rack, such as 1, 2, 3, ..., q, g+1, g+2..., 2q, 2g+1, , 39, 4q pq, ... and so on.

Row 1

Shipment area
A

0
e
0
.
%

(2 Lol T T ] row2
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Figure 4. Schematic diagram of the coding of the rack
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If a warehouse with three rows and four columns of racks is taken as an example, the coding is
described as the following:

1 4 7 10
2 5 8 11
3 6 9 12

2) The racks are divided into 10, 000 N cargo areas, and numbers starting from C1, C2, C3, C4,
...CN are assigned to the N cargo areas. Thus, all the cargo areas are numbered as the following: C = [C1,
C2,C3, C4,...CN].

The warehouse with three rows and four columns described above is taken as an example: It is
2 5
assumed thatis C1 in the the first cargo area, and 3 6
the corresponding rack number is [2, 3, 5,
6]. Then, the remaining other parts of the second area C2 has the corresponding number as the following:
[1,4,7,8,9,10,11, 12].
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3) Each cargo area corresponding to the numbers as the following: H1, H2, H3, H4, ..., UN, which are
unified and synthesized to obtain the complete number as the following: H = [H1, H2, H3, H4, ... HN].

It is assumed that two luggage bags are supposed to be stored in the first zone, and three luggage
bags need to be stored in the second zone[16].

Coding: X1 =11, 2], X2 =[2, 4, 5].

Decoding: 1 and 2 in the code X1 are not the original rack codes 1 and 2, but corresponds to [1, 2] in
the cargo area code H1; that is, C1[2, 3] of the original warehouse rack code. Similarly, X2 in [2, 4, 5]
does not indicate the original rack code, but corresponds to the area number in the [2, 4, 5] and the
warehouse rack code C2 [4, 8, 9].

4) The actual location of the luggage in the storage rack can be obtained by using X = [X1, X2, X3, X4,
..XN] and C = [C1, CI, C3, C4, ...CN]. The actual location code of the luggage is denoted as y, y1 = C1 (X1),
y2 = C2 (X2), y3 = C3 (X3), y4 = C4 (X4), and yN = CN (XN). In fact, it is represented by the area where the
goods are located. For example, y1 indicates zone 1 ... in which 1 stands for the location of the goods in
storage; no goods are represented by 0, and so on. The final matrix correlated with the goods in storage
is obtained, in which the numbers 0, 1, 2, 3, and 4 stand for five components. Here, yN = HN (XN)
indicates that the luggage storage place corresponding to Y1 and Y2 is coded by the corresponding rack
location code in the cargo area as the following as an example, thus the actual luggage storage location
can be obtained accordingly.

02 0
10 2
10 2

o O O

5) The fitness function is selected as the following:

v
o

{ ( fS = Smax - S, Stmax - S
=0, others
Wf

(fT: Trnax — T,Tmax -T
? 0 (23)
=0, others
The above equations show the fmaximum values Smax and Tmax Of the two objective functions for
the most recent generation.
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6) In this paper, the method of image
processing is used to determine the
operation of selection. With regard to the
case greater than two functions, N kinds of
supplies are established in turn from the
other group and sorted in accordance with
certain rules.

In this paper, a circulation approach is
adopted to carry out the relevant selection.
When a target number is identified, N goods
will be selected from the data of the previous
generation by default; and the applicable
data will be used for sorting to obtain the
items with relatively large adaptation values.
Subsequently, the items thus obtained are
managed in accordance with the method
described above. The optimal method is to
re-establish N goods and set up a new
collective. For example, for the purpose of
ensuring the consistency of sub-objectives,
the two objective functions should be about
the stability of the rank and the inbound date
of the relevant goods[17].

7) Cross management. Cross
management is applicable to new
combinations, which can reduce the
destruction of useful patterns and allow for
inquiries in the space. In this paper, measures
are taken to prevent some individuals from
forming good items at a particular angle.

8) Application of the strategy of mating
restriction. When two labels are not the
same, it is demonstrated that proper cross
optimization can be implemented for the
genes with each objective function, and the
feedback on results with relatively good
performance will be given. The assignment of
racks focuses on the arrangement procedure
of the relevant rack; and the target number
indicates the address of the luggage in the
rack.

9) As a relatively ambiguous result is
presented upon the occurrence of different
codes, while at the same time it is necessary
to encode the sequences in the
programming, the crossover strategy is
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adopted to manage the crossover in
accordance with these two blocks, arrange
the inconsistent regions again, and divide the
two parts that are equal so that they can be
distinguished from the two previous parts to
form the codes after the crossover.

For example, cross management is
carried out on two individuals X2 labeled
inconsistently, which are denoted by S2 and
T2, respectively; when S2 = [12, 4] and 72 =
[2, 5, 6] are crossed, the same region 2 is
read, the remaining region [1, 4, 5, 6] is
wrapped, and the order [1, 6, 4, 5] is
disrupted. Subsequently, it is divide into 2
parts, with the respective parts plus the same
part 2 to obtain the new S2 and 39; T 2&#39;,
S2&#39; = [1, 2, 6], T2&#39; = [2, 4, 5], and
the crossover operation is completed.

10) Change management. In accordance
with the principle that the same code should
not be generated in the operation of cross
management, when the change operation is
carried out, it can select n codes randomly
and further select n codes again beside the
first n codes that have already been selected.
Through replacing the latter n codes instead
of the n codes previously selected, the
variation operation is carried out to achieve
the result that each code is different. The
variation operation in this paper is to replace
the positions of different codes randomly;
that is, to alternate the positions of two
inventories, a process referred to as variation
in a small range. If a rectangular range is
selected on top of the shed, the selected
items are taken in an inverted way, which is
referred to as variation in a large range.
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In the rack case with 4 columns on the
3rd floor above, X2 = [2, 4, 5]; and if a
random variation is carried out and an
intermediate one is selected, then it is
necessary to carry out four variations.

11) Handle the situation when there is
vacant space in the rack or zero quantity in
some racks. The request of stability and
maximum search is used to set up the vacant
location or the place farthest from the
outbound station for the relevant goods in
the rack. It can be observed that each cross
variation is essentially about adjusting the
distance, moving the luggage at the vacant
location downward, and managing the vacant
space on top.

solutions are obtained after the change.

In general, there are two types of
termination conditions for the algorithm. The
first one is to give the maximum number of
iterations in advance; and the second one is
to determine whether the optimal value
tends to be a stable value and remain
unchanged even after many consecutive
iterations. As multiple iterations lead to the
result that the individual text structures of
the clusters tends to be similar, it is hard to
continue the execution so as to identify a
better solution. In the case where the
collective standard deviation is less than a
certain value, the termination condition of
this specification is considered to be

collective convergence[18]. The definition of
12) Avoid errors in the calculation collective standard deviation can be
results. As crossover or change management described as the following:
will lead to deviated data, collective random

D= (14) a

In the above equation: i stands for the i-th individual in the population; n stands for the number
of population; fistands for the adaptation value of the i-th individual
n the S and T population; and

7$tands for the mean adaptation value of all individuals in the S and T population. In the case of
D <1071, the loop of the algorithm is suspended; that is, it is the termination condition of the algorithm.

Optimization of the Robot Path in BS Storage
System
The system of BS storage includes a The logic function of the system is shown in
computer assisted location monitoring Figure 5 as the following.
system, a data acquisition system, and a
modern network system[19]. The computer
assisted location monitoring further contains
the computer management, monitoring and
PLC control systems that control the
operation of the relevant equipment, and so
on. When storage management is carried out
on the data on the underlying information, it
is necessary to collect and store the specific
information about the related items; and the
management of information transfer and

communication falls into the scope of the
eISSN1303-5150

network system.
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Figure 5. Logical function of the system
The functions of each part of the system are described as the following:

1) The system for the maintenance of the subsystems: It is necessary to make the ex-factory
settings on the system for different codes and processing methods, such as making adjustment on the
pallet merging method, outbound and inbound of goods, batch operations, as well as the management
settings of the relevant date, data, and cargo code.

2) Demand management of the subsystems: It is necessary to manage the items from the aspects
of production planning of the unit, sale status, storage situation, inventory of the goods, time, and other
situation.

3) Goods ordering system: Through the preparation of goods orders, entry of goods contracts,
inbound goods tracking, contract verification, and so on, the registration and filing of information are
carried out so that the management personnel can show the reputation of the supplying company and
provide timely supply guarantee as well as the relevant production technology.

4) Management system of products with inferior quality: With regard to the products not
conforming the quality standards, it is necessary to carry out the recovery and claims management on
the non-conforming products in the process of inbound inspection, production, and sale to remove
those products with inferior quality from the inventory.
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5) Storage system management: The management of the blocks in the storage system is carried out,
such as the management of cargo space, the inbound operation, the outbound management, and the
back-end management. During the management of the storage rack, it is necessary to make reasonable
allocation of the storage racks to the inbound products. The whole warehouse should be divided into
various zones, and the number of pallets for each part or item should be clearly recorded. The inventory
count management refers to the inventory taking of all the goods stored in the warehouse. The shed
optimization management system is used to complete the inventory taking of the goods. At the same
time, the related records and data information are kept as appropriate.

6) Inventory management system of the warehouse: With regard to the whole system, it is required
that the system can manage the receiving and dispatching in the whole logistics process of the
warehouse, give feedback to the storage management system and the ordering system in a timely order,
update the situation of the inventory in time, and present the dynamic situation of the warehouse
accordingly. The whole system shall be authorized to receive and send the inventory, carry out analysis
on the inventory level, conduct ABC goods classification and give feedback on the slow-moving goods in
storage. The receiving and dispatching inventory system should be able to present the information on
the situation of the inventory in the time period, present the information randomly, and give feedback
on the inventory situation in the warehouse at present. As far as the warehouse inventory management
is concerned, it is required that the system can present the information on the existing quantity of the
inventory in the warehouse, the target quantity received, the quantity that has been allocated, and the
guantity that is available for use. In the ABC classification management, it is necessary to carry out
management of warehouse items by categories through classification; for the low-moving stranded
goods, it is required to indicate the type, quantity, and amount of the relevant goods that have been
backed up, which will be conducive to taking the subsequent measures as appropriate. 238

3. Robot Path Optimization and Application to the General Framework Design of the BS Storage
System

The focus of modern warehouse storage management is about the planning of the logistics path, the
overall distribution, and the settings of the relevant equipment. With regard to the rationalized logistics
system of enterprises, the appropriate distribution of warehouses and the good settings of equipment
are essential for the proper working and functioning of the internal resources[20]. The excellent
arrangement of the total logistics plan in the enterprises is conducive to optimizing the utilization rate
and reducing the investment in construction. Figure 6 below shows the overall layout distribution.
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Figure 6. Overall layout of the warehouse

In accordance with the use area of the
warehouse described above, the warehouse
is divided accordingly. For example, the
warehouse is divided into eight storage space
units A to H. The details are shown in Figure 6
above, including the rest area recognized by
the automated guided vehicle (AGV), the
charging area, the maintenance area, the
entrance and exit directions. In the storage of
goods, space is reserved for the traveling of
AGV. When there are non-contact IC cards
embedded in the travel path of the AGV and
at the corners, navigation can be provided for
straight lines, curves, S lines and right-angle
sections in accordance with the navigation
route markers. The multi-deviation optimal
navigation can be used to provide reliable
guide in navigation, identify the obstacles and
detect the surrounding environment so that
the AGV can slow down or stop to prevent
possible collisions. The access situation of
AGV to the IC card is obtained, and feedback

eISSN1303-5150
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on the dynamic in the next step is provided. If
there are no outbound goods from the
warehouse, the AGV will wait for tasks in the
rest area; if there are goods that have arrived
at the warehouse, the IC card at the exit
place reads the IC card information on the
goods, clarify the AGV path and the direction
of goods storage AGV through the feedback
information of the goods IC card, send the IC
card information after receiving the
operation and path instructions, and guide
the task operation of the AGV accordingly.
With regard to the outbound goods to be
shipped from the warehouse, the smart
center checks the storage place of the goods
based on the necessary information of the
goods, calculates the route of the outbound
goods to be shipped from the warehouse,
sends the feedback of the route situation to a
trolley. At the same time, the IC card in the
goods is obtained at the exit point, and the
information on the outbound goods to be
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shipped from the warehouse is removed
accordingly. If the residue power of AGV
reaches a certain level, it will give feedback
on the charging signal; the control system will
check whether there is any charging space
available, calculate the closest charging area
on the basis of the current location of the
AGV, and send the feedback on the route
information to the trolley. The trolley
accesses the buried IC card along the
instructed route and is then sent to the
charging area for charging. When charging is
completed, the trolley will send out the
information of charging completed and wait
for the operation instruction from the control
center, that is, whether to continue working
or resting. If a fault occurs in the passenger
vehicle, a fault alarm will be sent out to notify
the control center and induce the
corresponding response; the passenger
vehicle is then sent to the repair area for
repair.

4. Warehouse Inbound and Outbound Design

Inbound procedure of warehouse goods:
Before the inbound goods are put into
storage, the IC card situation is accessed from
the remote reader. The system indicates the
information of the warehouse and display the
instructions to put the goods in storage. The
system center identifies the relevant order
information. If the quantity in the orders is
higher than that of the inventory, the system
center will give a feedback signal as
prompting. If the quantity in the orders is
lower than that of the inventory, the system
center will directly provide the shortest route
to the storage location and AGV; and if the
route given has already been used, it will
recalculate and send an alternate optimal
route. After the whole route is given in the
context that it has not been used, the system
then gives commands to the AGV, checks and
the IC card information in the route for
verification, and provides navigation to the
exact location. When the item is accurately
located for distribution, the system will
indicate successful storage and adjust the
information on the server. Finally, the AGV
will return through the optimal route, and
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the occupied route information will be

removed accordingly.

Outbound procedure of warehouse
goods: When the system center receives the
request of the warehouse, it will give
feedback information, including  the
warehouse order of the user, the name of the
goods, quantity, and check the information of
the inventory of the relevant item in
accordance with the system information. If
the quantity of goods to be shipped is greater
than that of the inventory, it will give
feedback with a warning signal in time. If
there is no feedback of warning signal, it
indicates that the outbound operation can be
carried out accurately. Then, the optimal
route for the AGV will be calculated
accordingly. If the given route has already
been occupied, the system will recalculate an
alternate optimal route. If the route provided
is not used in the context, the system will
send commands to the AGV and check the
relevant route in the IC card information for
further verification and navigate the exact
location until the correct location is reached
and the items are picked up in accordance
with the information provided. When the
goods are transported to the exit of the
warehouse, the IC card situation of the item
is obtained remotely, and the extracted item
is verified accordingly. If the item is incorrect,
it should be returned and the system
manager is informed of the operation at the
same time. If the item is correct, the route is
removed, and the inventory data are
adjusted accordingly.

5. Communication System of the Equipment

The communication equipment related to
the smart integrated warehouse requires the
combination of the control center and each
server, terminal, IC card reading,
interdepartmental network, AGV control
system, wireless handheld card system, as
well as the control system. With regard to the
TCP/IP system protocol, computer network,
contactless IC card reading, and control
center communication, the majority of them
are developed based on the communication

protocol PLC, and there is no consistent
www.neuroquantology.com
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protocol so far. In this paper, the PLC system
is used to carry out the network
communication. In the context of the link
network provided by the manufacturer, the
upper level protocol is explored, and this
protocol is developed on the basis of the
advantages of the real line technology and
the TCP/IP protocol. By using the RS485
interface line, it allows for a higher utilization
rate and a better effect. The basic
architecture of the protocol is shown in
Figure 7 as the following. The bus links the
monitoring machine and the equipment in
each warehouse to form a complete network
center for industrial control, which can
control the monitoring of the upper level
computer as well as the reader, IC card,
central control, and AGV of each equipment
in the warehouse effectively. The
communication controller is replaced by the
upper or host computer, and each unit 241
buffers and saves the relevant information to
prevent any defects of the information, which
has the advantages of simple protocol, low
transmission obstruction, high reliability and
stability.
Figure 7. Structure of the basic protocol

[Each equipment protocol in the Warehousc] Application data layer

Transport protocol layer

Transmission Each equipment protocol
control in the warehouse

: Transmission IEach equipment protocol]  Link .
Link control control in the warehouse trailer Data link layer
Communication head Data block Commuplcall 5
trailer
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6. Cargo Location and Optimal Path Selection

Algorithm

The highly modernized operation of the
warehouse is reflected in the intelligent
system for the rack selection and the AGV
driving route navigation platform. The
advantages and disadvantages of the rack
selection and optimal route selection
calculation method can directly affect the
intelligent level of the warehouse
management. With the calculation method 242
for the optimal driving route of forklift trucks
at the time of inbound goods put into storage
as an example, the calculation approach of
the rack selection and route planning is
discussed.

It is required that the following
requirements should be complied with when
inbound goods are put into storage so as to
improve the utilization of the warehouse, and
the same batch of goods should be managed
in a unified manner in the location close to
the inbound area. For the purpose of
speeding up the turnover of goods and
avoiding the backing up of goods over a long
period of time, it is necessary to apply the
FIFO (first in first out) method. The goods
with a high outbound rate should be placed
in the place closest to the exit of the
warehouse. In  accordance with the
production date, expiration date, date of
departure of goods and other relevant time,
the route should be arranged with improved
reliability. In the same region, the goods
should be stored in a designated location
based on the method of stacking in the close
location first and then far. The storage of the
outbound goods should not only follow the
FIFO method, but also comply with the
requirement of placing in the outside first
and then inside. The overall calculation
method is described in Figure 8 as the
following.
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Figure 8. Description of the algorithm in detail
In the above figure, T1 stands for the factory date, T2 stands for the production date, and the 243
storage time TO of the goods in the warehouse can be described as the following

TO=T1-T2

As the tobacco leaves should be fermented in the warehouse for no less than 7 days before being
shipped from the factory, assuming that the factory date has not been determined, then the default TO
= 7. This value is taken as the main covariate variable selected. In addition, the time covariate T is mainly
used to determine the TO of the next batch of goods stored in the area on the basis of the empirical
value TO of the previous batch of goods stored.

The value for the reference variable T at the start state and the start time in each region is provided,
respectively.

Uniform management of the goods in the same batch is one of the primary rules for selecting the
relevant rack; that is, when the first shipment of goods in the same category is inbound and put into
storage, the system assigns an empty partition to this batch of goods. When the conditions for
partitioning are met, the storage is assigned to another empty partition area at one time. If there are
different categories of goods in the warehouse, the system will rearrange this batch of goods to other
new blank areas, regardless of whether the partition has met the stipulated conditions.

The arrangement of the empty partitioned area is compared with the calculated TO value in
accordance with the initialized time reference variable T. The empty partitioned area that is closest to
the stored goods is selected; let this partition be empty, and the time reference variable T value is
changed to TO accordingly. The system will also automatically verify the changes in T value at a fixed
time and arranges the values in an ascending order throughout the process. As far as the program
warehouse is concerned, when the partition status is changed to blank, it will be restored to the normal
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state.

If both the rack and the relative optimal route can be determined, then the principle of the optimal
route is to travel in a straight line. The goods are placed in the location GO3 of the warehouse, and the
AGV passes from the entrance to 040042, 043, 044, 061, 063, 067, GG02, G004, and G003 via the point

001.

7. Practical Cases and Analysis of the Results

All the covariates for the equipment and the goods stored in a certain smart stereoscopic
warehouse are shown in Table 2 and Table 3 as the following.

Table 2 Covariates for the equipment in a smart stereoscopic warehouse

crane

Horizontal running speed of Height of the cargo space on 1050mm
the stacker crane the pallet
Vertical speed of the stacker Number of layers in the rack 12

Length of the cargo space on
the pallet

Number of columns in the rack 40

Width of the cargo space on the
pallet

Pallet number

1000x800mm

Table 3 Reference variables of the cargo

Cargo Space Code Number of Cargo Operation Mass/KG-unit?
Spaces/Unit Probability/%
1 90 32 50
2 80 15 70
3 85 28 100
4 40 10 40
5 70 15 80

At present, warehouse operations are
carried out in accordance with the provisions
of the 200 goods, in which the quantity of

one kind and three kinds of goods is 60,
respectively; the quantity of two kinds and
four kinds of goods is 20, respectively; and
the quantity of five kinds of goods is 40.

Firstly, on the basis of the shed
reinforcement strategy, the rakes are
distinguished and classified into the same
sector as the category of goods, and the
location of the goods is finally determined in

eISSN1303-5150

accordance with the value of P. The results of
the operation are in the Figure 9 as the
following: the code for goods in the zone A is
3; and the codes for goods in the zone B,
zone C, zone D, and zone E are 1, 5, 2, and 4,
in turn. Subsequently, in accordance with the
number of shelf grid occupied by goods, the
range of the sector for shelf division is
identified. It is assumed that the division in
Figure 9 below still fails to reach the number
of shelves occupied by goods, then the
number of shelves occupied by two adjacent
zones is determined.
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Area E, Column 1, Layer 1
Area D, Column 4, Layer 1

Area A, Column 23, Layer 8

1 23 36 39|40

Figure 9. Distribution diagram of the cargo storage area

The calculation results are shown in Table 4 and Table 5 as the following. It can be observed from
the tables that the numbers 1, 2, 3, 4, and 5 in the matrix are located in the areas A, B, C, D, and E, which
suggests that the position of the numbers in the matrix indicates the actual location of the luggage in
the rack; and 0 in the table indicates that it is an empty shelf where no luggage is stored.

Table 4 Luggage storage place from column 1 column to column 21 of the rack

1 2 3 |4 5 6 7 8 9 [10(11 (12 (13 (14 |15 |16 |17 |18 |19 |20 |21

125 55 5 |5 5 515 |5 515 55 [0 |0 0|0 010 00

114 0 0 4 4 4 0 0 0 4 4 4 0 4 |0 4 10 4 |4 4 10

103 3 3 B |3 3 3 3 3 33 33 3 3 313 33 33

9 2 2 2 |2 |2 2 2 2 |2 2 |2 2 |2 2 2 2 |2 2 |2 2 |2
8 |0 |0 |0 [0 |0 0 0O 0 o0 o0 |0 oo [0 |0 00 0 0 [0 |
7 |0 0 0 [0 [0 0 0O 0 o0 o0 |0 oo |0 |0 00 0 O |0 |
6 0|1 1 1 [0 0 0O 0 o0 o0 |0 oo [0 |0 00 0 0 [0 |
5 111 11 0 Oo1 1 0 g1 oo |0 |0 00 0 ©O0 [0
4 1 1 1 11 1 o1 1T 0 11 oo |0 |0 00 0 ©Oo [0
3 111 11 1 o1 1 1 oo |0 |0 00 0 ©Oo [0
2 111 11 1 o1 1 1 oo |0 |0 00 0 ©Oo [0
1 111 1N 1 11 1 1 11 0 1 11 0 0 1 1
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Table 5 Cargo storage locations from column 22 to column 40 of the rack

22 |23 24 | 2526 |27 28 |29 |30 |31 |32 33 |34 35 |36 37 |38]|39 |40
12 |0 0P 00 0P o0 0 0 0P 00 00 |0
11 |0 4 0 0 4 04 4 10 |0 0 0P 00 00 |0
10 |3 3B 383 3B 33 |3 0 0P 00 00O |0
9 N 11 0 01 00 0 0 0P 00 00O |0
8 [0 0P 00 0P 010 0 0 0P 00 00O |0
7 0 0P 00 0P 010 0 0 0P 00 0O |5
6 [0 01 2 2 0P 010 0 0 0P 00 0O |5
5 0 01 2 2 2 2 2 0 0 010 0P 00 0O |5
4 0 0P 2 2 2 2 2 2 0 30 01 00 0O |5
3 0 0P 2 2 2 2 2 2 |2 33 01 0 0O |5
2 Q1 0 2 2 2 2 2 2 2 2 3B 30 00 4 10 |5
1 N 0 2 2 2 2 2 2 2 2 3B 30 0 4 4 10 |5
246
I I I I |

Figure 10. Variation curve of the time function value

The diagonal part in Figure 10 above indicates the inbound condition of the goods; and the colors
from depth to light shades stand for five kinds of goods, that is, goods 1, 2, 3, 4, and 5, respectively. The
relevant results are shown in Figure 11 and Figure 12, with the output of the variation curves for the
center of gravity function and the time function as the following.
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Figure 11. Variation curve of the center of gravity function value
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Figure 12. Variation curve of the time function value

It can be known from the experimental
results in Figure 11 and Figure 12 above that
the time function and the center of gravity
function start to present a downward trend
with the increase of the change curve as the
number of iterations increases. In addition,
the function will start to converge as the
number of iterations is up to the range from
180 to 200, when the center of gravity
function is also decreased from the initial
1.59x10° to 7.49x10* after the iteration. The
time function is also decreased from the
initial 7500 to to 3789. Hence, it can be
concluded that the optimization of the cargo

eISSN1303-5150

location cargo location can be completed on
the basis of the function, and that the
inbound and outbound time of the cargo and
the shelf center of gravity will also be
optimized accordingly.
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8. Conclusion

During the practical application of robots,
how to select the reasonable and scientific
path has also gradually become the focus of
research. In this paper, the design and
adjustment are carried out on a modernized
and smart warehouse, and an access and
equipment communication  system s
established accordingly. Through the
application of an object-oriented system and
the MS SQL database, a modern logistics
warehouse  management  process s
developed. The warehouse management
system is divided into two blocks in this
paper, that is, the cargo area division block
and the cargo location management block,
and a model of cargo location optimization is
established with regard to the two blocks at
the same time to carry out the relevant
analysis. The analysis focuses on the
development steps of the cargo location
optimization model and the calculation
results after the running of the established
model. In this way, the limitations of the
sensor measurement range of the robot can
be overcome to a certain extent, and the
analysis related to spatial feasibility can be
carried out more efficiently. The specific
cases in the real world are used for the
analysis, and the results are obtained through
calculation by using Matlab so as to identify
the optimal strategy for the allocation of the
inbound goods to the relevant cargo space.
The result has provided favorable reference
and is of great value for the development of
an effective logistics management system.
The simulation results indicate that the robot
can be used to replace people and carry out
heavy and complicated work, which can
increase the work efficiency of human being
and reduce the labor cost to a certain extent.
This has demonstrated that the algorithm
proposed in this paper can be used to plan
the optimal path in an effective and
reasonable manner.

REFERENCES
1 Akyildiz, lan F., Dario Pompili,
and Tommaso Melodia.

"Underwater acoustic sensor

eISSN1303-5150

NeuroQuantology | April 2021 | Volume 19 | Issue 4 | Page 223-249] doi: 10.48047/nq.2021.19.4.NQ21059
D. Joseph Jeyakumar et al/ ENHANCEMENT OF VARIOUS MODULES IN OPTICAL WIRELESS COMMUNICATION SYSTEM

networks: research challenges."
Ad hoc networks 3.3 (2005): 257-
279.

Vasilescu, luliu, et al. "Data
collection, storage, and retrieval
with an underwater sensor
network." Proceedingsof the 3rd
international  conference  on
Embedded networked sensor
systems. 2005.

Xu, Ning, et al. "A wireless sensor
network for structural
monitoring." Proceedings of the
2nd international conference on
Embedded networked sensor
systems. 2004.

Paek, Jeongyeup, et al. "A
wireless sensor network for
structural health  monitoring:
Performance and experience."
The Second IEEE Workshop on
Embedded Networked Sensors,
2005. EmNetS-Il.. IEEE, 2005.
Szewczyk, Robert, et al. "An
analysis of a large scale habitat
monitoring application."
Proceedings of the 2nd
international  conference  on
Embedded networked sensor
systems. 2004.

Climent, Salvador, et al.
"Underwater acoustic wireless
sensor networks: advances and
future trends in physical, MAC
and routing layers." Sensors 14.1
(2014): 795-833.

Coutinho, Rodolfo WL, et al. "A
novel void node recovery
paradigm for long-term
underwater sensor networks." Ad
Hoc Networks 34 (2015): 144-156.
Coutinho, Rodolfo WL, et al.
"Geographic and opportunistic
routing for underwater sensor
networks." IEEE Transactions on
Computers 65.2 (2015): 548-561.

Coutinho, Rodolfo WL, et al. "EnOR:
Energy balancing routing protocol for

underwater

www.neuroquantology.com

248



NeuroQuantology | April 2021 | Volume 19 | Issue 4 | Page 223-249] doi: 10.48047/nq.2021.19.4.NQ21059
D. Joseph Jeyakumar et al/ ENHANCEMENT OF VARIOUS MODULES IN OPTICAL WIRELESS COMMUNICATION SYSTEM

10

11

12

13

14

15

16

17

sensor networks." 2017 IEEE
International  Conference  on
Communications (ICC). |EEE, 2017.
Liu, Miaomiao, et al. "On-surface
wireless-assisted  opportunistic
routing for underwater sensor
networks." Proceedings of the
11th ACM International
Conference on Underwater
Networks & Systems. (2016).
Janardanan Kartha, Jalaja, and
Lillykutty Jacob. "Delay and
lifetime performance of
underwater  wireless  sensor
networks with mobile element
based data collection."
International Journal of
Distributed Sensor Networks 11.5
(2015): 128757.

Wang, Tong, et al. "A survey
on geographic routing
protocols in delay/disruption

tolerant networks." International
Journal of Distributed Sensor
Networks 12.2 (2016): 3174670.
Yan, Jing, et al. "Energy-efficient
data collection over AUV-assisted
underwater  acoustic  sensor
network." IEEE Systems Journal
12.4 (2018): 3519-3530.

Han, Guangjie, et al. "An AUV
location prediction-based data
collection scheme for underwater
wireless sensor networks." IEEE
Transactions on Vehicular
Technology 68.6 (2019): 6037-
6049.

Jorge, Vitor AM, et al. "A survey
on unmanned surface vehicles for
disaster robotics: Main challenges
and directions." Sensors 19.3
(2019): 702.

Javaid, Nadeem, et al.
"Cooperative opportunistic
pressure based routing for
underwater  wireless  sensor
networks." Sensors 17.3 (2017):
629.
Coutinho,
"GEDAR:

Rodolfo WL, et al.
geographic and

eISSN1303-5150

18

19

opportunistic routing protocol
with depth adjustment formobile
underwater sensor networks."
2014 IEEE International
Conference on communications
(ICC). |IEEE, (2014).

Zhuo, Wang, et al. "AUV-aided
communication method  for
underwater mobile sensor
network." OCEANS 2016-
Shanghai. |EEE, (2016)._

Xie, Peng, et al. "Aqua-Sim: An NS-2
underwater

based simulator for
sensor networks."
OCEANS (2009). IEEE, 2009.

www.neuroquantology.com





