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DEVELOPMENT AND APPLICATION OF SPORADIC MATERIAL INVENTORY
OPTIMIZATION MANAGEMENT SYSTEM BASED ON ARTIFICIAL INTELLIGENCE

QIAN LI} WENJUN HOU{ YATONG WU} YAQI HOU$ AND JIAN ZHUY

Abstract. This paper introduces the overall framework of the intelligent electrical sporadic materials management system
based on the ubiquitous Internet of Things. The system includes storage equipment and an intelligent management terminal. It
makes optimal design for storage equipment and intelligent management terminals. The dynamic modeling of a three-layer supply
chain system of power materials is constructed and composed of manufacturers, suppliers, and raw materials. The inventory
control strategy of each link in the supply chain of power materials under different cooperation levels is studied by introducing the
corresponding adjustment variables. Through the experiment and analysis of the system, it is proved that the system has good
performance in label management, resource management, inventory management, disposal management, system management and
essential management. The number of concurrent users, response speed, stability and other aspects of the system are excellent.
The database is complete, independent, and secure. And the data is objectively reasonable and repairable. The system can lay a
specific technical foundation for intelligent management of electrical sporadic materials.

Key words: Artificial intelligence; Power material optimization; Inventory optimization; Power material supply chain

1. Introduction. The auxiliary products produced by State Grid Power Company have a lot of uncertain-
ties (such as great demand and large randomness). However, the traditional power supply chain information
transmission system is subject to the lagging development of science and technology and the lack of effective
control measures, resulting in high internal information concentration and imperfect information transmission
mechanisms between different levels. It was found that due to insufficient information sharing and a slow
interaction rate among enterprises at each link in the supply chain, information transmission between all links
in the network will be significantly affected. Due to the lack of adequate information disclosure, the overall
decision-making efficiency and effect of the whole supply chain are greatly restricted. Using new scientific
and technological means is essential to effectively manage the existing supply chain and inventory of power
materials. Literature [1] builds a supply chain management system based on blockchain, applies this system to
the automotive industry and achieves an excellent win-win situation. Literature [2] uses the blockchain method
to build a vehicle supply chain traceability system, which effectively alleviates the lack of credit among enter-
prises in all aspects of the vehicle supply chain. The system improves the security and traceability of vehicle
information. Literature [3] introduced blockchain technology in the manufacturing industry and established
the concept of “sharing culture” among enterprises, thus effectively improving the overall service quality of the
manufacturing industry. Literature [4] argues that blockchain technology can generate three kinds of value:
sharing, security, and smart contracts. These three features are embodied in the supply chain as encryption,
consensus mechanisms, and smart contracts. Literature [5] introduced blockchain technology in the production
process of dairy products to build distributed transaction records. The system can accurately track important
information throughout the supply chain. This project intends to study the intelligent inventory management
system of electrical sporadic materials in the ubiquitous Internet of Things environment, aiming to achieve the
purpose of interconnection, ubiquitous visualization and intelligent management of electrical sporadic materials.

*State Grid Shanxi Electric Power Company Materials Branch, Taiyuan, Shanxi, China, 030021 (Corresponding author,
153336624190163. com)

TState Grid Shanxi Electric Power Company Materials Branch, Taiyuan, Shanxi, China, 030021

fState Grid Shanxi Electric Power Company Materials Branch, Taiyuan, Shanxi, China, 030021

8State Grid Shanxi Electric Power Company Materials Branch, Taiyuan, Shanxi, China, 030021

YState Grid Shanxi Electric Power Company Materials Branch, Taiyuan, Shanxi, China, 030021

212



Development and Application of Sporadic Material Inventory Optimization Management System 213

Battery & Storage System System Coupling Grid Integration
T™MS EMS

— &
i |l (@) e ’l—@ A
i~ ac ﬁﬁﬂ

Cell Module Pack |

E * Battery System (Cell, Module, Pack) « Power Electronics {AC/DC) < Application Specific Profile
£+ Thermal Management (TMS) & Transformer * Local Connection /

E * Energy Management (EMS) + Environmental Conditions Grid Level of Integration

é * Investment (Batt., Periphery, Casing) * Power Electronics Invest  + Profit / Savings via Application
£ - Degradation and Efficiency + Conversion Efficiency » Stakeholder Involvement

g ¢ Sizing & Operation Control + Placement of System + Regulatory Framework

&

Fig. 2.1: Physical architecture of the electrical sporadic materials inventory management system.

2. Design of optimization management system for electric sporadic materials inventory.

2.1. System Architecture. The physical architecture of the intelligent management system for electric
sporadic materials is shown in Figure 2.1 (the picture is quoted in Energies 2017, 10(12), 2107). Storage devices
store waste power and waste materials. A load cell is arranged on each pad of the storage device. An intelligent
management terminal is in the middle, under the tool [6]. The weighing sensor transmits the weight signal
of the electric power device to the intelligent management terminal through the junction box. The intelligent
management terminal uses 4 G/5 GNB-not to transmit the weight, position, height and other information to
the intelligent management system [7]. Electrical sporadic materials are an intelligent management system that
stores and transports waste materials for monitoring.

2.2. Optimal design of transportation and storage devices. Firstly, the whole system is optimized.
The aim is to reduce its quality. The original half-fan door is transformed into a one-type door, which can
effectively improve power materials’ loading and unloading efficiency [8]. The lock structure has been improved
to reduce the time required for unlocking and locking. The weighing part on the gate is combined with the whole
gate by mounting the weighing element on each base plate. The weight of loading and unloading equipment is
significantly reduced, and the total amount of stored electrical energy is increased.

2.3. Optimization design of intelligent management terminal. Information such as the location,
quality, elevation and production process of electric power materials are stored intelligently and uploaded
to the intelligent management platform of electric power materials [9]. The operation status of storage and
transportation equipment is monitored, and parameters are set by using the human-machine interface. It is
the central link to the whole process of monitoring and managing power generation equipment. The system
comprises weighing, positioning, communication, and power supply modules. The modular architecture allows
for easy maintenance and updates. This system separates weighing and other functional modules and the
weighing sensor and intelligent management terminal are connected. The weighing sensor is connected to
the terminal box, and the terminal box does not need to be opened when the weighing sensor is replaced to
facilitate the installation, use, maintenance and update of the weighing sensor [10]. In addition, the spacing
of each weighing element also reserves sufficient margin. Each weighing element carries about 10 t, which
can ensure the quality of carrying electric energy materials. In the weighing process, the intelligent algorithm
directly displays the necessary power materials in the storage and transportation unit on the web page.

Unlike the conventional single-frequency positioning method, the positioning module uses the L1+L5 fre-
quency band. The L5 band has a high signal coding rate. The dual frequency band can effectively suppress
the position deviation caused by the atmospheric ionosphere and significantly improve the position accuracy of
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Fig. 2.2: Structure of intelligent power material management system based on ubiquitous Internet of Things.

the satellite. Intelligent management terminals can reach an accuracy of 3-5 meters in open areas. The relative
height of the box is calculated by using the difference of air pressure in the height measurement to calculate
the floor where the box is located accurately. The intelligent management terminal retains an upgradeable
test interface, built-in RS-485, I/O and other ports for easy plugging and maintenance [11]. The 5G Internet
of Things adopted in this paper has the characteristics of low power consumption and high anti-interference
ability.

The power module uses a safe battery, which can increase the battery’s capacity without increasing the
housing size [12]. In the process of use, if there is an abnormal phenomenon, the system will send an email to
remind the user. LCC batteries have a wide operating temperature range compared to nickel-chromium and
lithium batteries. This battery will not spontaneously ignite even if a puncture occurs and charges faster.

2.4. Realization of service functions of the system. The platform can control the state of the whole
process, analyze the whole data and make intelligent decisions [13]. The system is divided into three levels:
data input layer, platform application layer and background management layer. Figure 2.2 shows the structure
of the intelligent management system for electric power materials (the picture is quoted in Appl. Sci.2021,
11(21), 9820).

The core of the power materials management system is to input and manage the electronic label of power
materials. The intelligent management process of resources, inventory and processing is realized [14]. Material
management is mainly used to manage warehouse resources, such as warehouse number, location, automatic
distribution, etc. Inventory management includes inventory count, inquiry, inventory count, warehouse capacity
analysis, monthly inventory utilization, storage season and seasonal analysis, etc. Disposal management includes
disposal method input, time reminder, plan formulation, approval, and early warning. The parameter setting
layer includes the system management and essential management functions. These include name/number,
role/position, data/function authorization, and system operation records. Essential management includes the
basic functions of warehousing management, such as environmental parameter setting, purchase requirements
management, warehousing rules setting, etc. The module also provides supplier/carrier management and
transfer document management functions.
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Fig. 2.3: Improved business process for intelligent management of power materials.

2.5. Business process optimization. The steps are the followings:

1. Change the traditional telephone booking mode and use the intelligent power supply equipment man-
agement platform to achieve booking.

2. The manually registered electric energy materials in the warehouse are reformed, and the intelligent
management terminal is used to input and store electric energy materials.

3. Change the traditional warehouse and construction worker measurement modes and realize the au-
tomatic measurement by transportation unit measurement. The data is transmitted to the system
through the intelligent management terminal and verified by the system.

4. The warehouse manager’s location assignment mode is improved to automatically configure the location
according to the optimal algorithm of the location allocation.

5. Change the method of manual inventory of electrical energy materials.

The system provides intelligent decision support for the disposal of power supplies, the optimal allocation
of cargo locations, the inventory check of power supplies and other work.

3. Supply chain inventory management based on block database model. If there is no complete
collaboration in the block-based database model, and only their inventory costs are shared, they will aim to
optimize their inventory and make production and order forecasts. Let the quantity demanded K(a < K < f3)

be random and equally distributed. So now people have the distribution function G(K) = g__(‘j and the
probability density g(z) = ﬂ%a . soa=uv—13e8=uv+ 3. The expected value is v = aT-l-B and the
standard deviation is e = 1/ & ;; )> Table 3.1 lists the relevant variables and explanations.

3.1. Optimization of material platform orders. The material platform makes ordering decisions based
on demand information shared by the various demand parties in the modular database [15]. The formula for
calculating the inventory cost of the material platform can be obtained:

oo

Qs
W (C) =Y [ (K —Qu)a(K)dz +C, / (Qs — K) g1 (K)dz + YaQ,
Qs 0
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Table 3.1: Variables and Definitions.

Variable Paraphrase

Cn Unit price of producer’s inventory

Ch Price of supplier’s inventory

C, Material platform unit inventory cost
Qm Producer’s output

Qn Quantity ordered by supplier

Qr Quantity ordered by material platform
P Manufacturer’s manufacturing cost per product
P, Supplier’s unit price

P, Unit price of material platform

Py Unit price of material platform

C, The unit price of supply chain inventory
E Total inventory

Taking the derivative of Qs in formula (3.1) gives:
dWy (Cy)

dQs
When (3.2) =o, the optimal purchase quantity Q% = a(CSJr%)LB,(Yw_YS) is obtained.

3.2. Supplier’s Optimal Ordering Decision. Construct the ordering strategy of the raw materials
platform based on the block database. The relationship between inventory costs and suppliers is as follows:

= —Yw [1 — Gl (Qé)] + CsGl (Qb) + Y;

00 Qn
Wa(C) =Y, [ (@0~ Q)02 (@)@ +C |7 @ -im(@)aa. + %063
Taking the derivative of @,, in (3.3) yields:
DRI - 62 (Qul] +CaGa (Qu) + Yo

If (3.4) is 0, the manufacturer’s optimal order quantity Q% = O‘(C"JFYC")ié(YﬁY") is obtained. 3.3 Manufac-
turer’s Optimal Output Decision. Manufacturers can schedule productio}?i tﬁrough vendor ordering decisions
based on the block database. From the above assumptions, the formula for calculating the manufacturer’s
inventory cost can be obtained:

S Qm
Wi (Co) = Yo / (@ — Q) 95 (Qm) dQu + C /0 (@ = Qn) 93 (Qm) Qo + Yin O

m

Taking the derivative of @Q,, in (3.5) yields:

dWs (C,
% == *Yn []- - G3 (Qm)] + CmGS (Qm) + Ym
If formula (3.6) = o, the optimal product yield Q¥, = Q(C""Hg”)if,(y’ﬁm”) of the manufacturer can be

obtained.

3.3. Model construction based on independent priority. Block database provides a good platform
for information sharing. It enables the enterprises in each link of the supply chain of power materials to quickly
obtain reliable information from the supply chain and downstream enterprises [16]. This paper develops a
dynamic model based on independent dominance (Figure 3.1 cited in Processes 2021, 9(6), 982).
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Fig. 3.1: System dynamics model under respective dominant modes.

3.4. Optimal Decision under Smart Contract Association. This project intends to introduce the
power material management supply chain model based on blockchain technology to form a close cooperation
relationship between producers, suppliers and raw material platforms through the raw material platform to
share inventory. In contrast, suppliers share the cost of inventory [17]. Through the block database, the
production planning of the supply chain is discussed, so ¢, = Qm = Qn = Qs,C. = Cs. When the ordering
decisions of these three people are the same, the inventory cost of the entire supply chain can be expressed by
the following formula.

AW, (C.) = Y, / (K — ) 01 (K)AE + C, /0 " (G — ) (K 4 Yogn

m

Taking the derivative of g, in formula (3.7) gives:

dWy (C,
E) - )]+ ) + Y
When equation (3.8) = 0, the optimal production product ¢}, = a(CSJrYg:if,fUY”JFY") can be obtained.

4. Test and analysis. The black box test method is used to test it to check the performance and quality
of the ubiquitous IoT power management system developed in this paper. The black box method tests the
system software’s function by inputting test cases and checking whether the output meets the expectations [18].
The functional test results of the intelligent management system for electric power materials are shown in Table
4.1. The performance test results of the intelligent management system for electric power materials are shown
in Table 4.2. The test results of the database security of the intelligent management system for electric power
materials are shown in Table 4.3.

5. Conclusion. This paper designs the physical and functional architecture of the intelligent management
system of power materials based on the ubiquitous Internet of Things. Finally, an example is given to verify
the performance indicators of the intelligent electric power logistics management system under the "ubiquitous
Internet of Things” proposed in this paper, which meets users’ requirements. The platform has a comprehensive
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Table 4.1: System function test results.

Serial Test content Output result Test result
number

1 Label management Consistent with the desired output | Successful test
2 Material management Consistent with the desired output | Successful test
3 Inventory control Consistent with the desired output | Successful test
4 Waste disposal Consistent with the desired output | Successful test
5 System Administration Consistent with the desired output | Successful test
6 Grass-roots administration | Consistent with the desired output | Successful test

Table 4.2: System performance test results.

Serial Test content Test result
number

1 Parallel operand P 1000

2 Data collection rate 95% or higher
3 LAN response time <100 ms

4 User registration response time 3.6 s or less

5 Main menu response time 3.1 s or less

6 Timeliness of intelligence response | 93% or higher
7 Static information integrity 93% or higher
8 Accuracy of information 93% or higher
9 Stability of system No problems, such as system crash, occurred
10 Database stability stable

Table 4.3: Results of database security tests.

Serial Exam question Test result

number

1 Database security The database is encrypted

2 Database integration degree Complete database for all business activities to provide data
support

3 Database data manageability It supports the operation of adding, modifying and deleting
system data.

4 Database independence Independence from other systems

5 Database storage and recovery functions | In the event of an error, the database has a complete backup
and can be restored quickly

function and a good security guarantee ability, and it can be well adapted to current power material management
needs.

6. Acknowledgement. This article is the research result of the 2023 State Grid Shanxi Electric Power
Company’s technology project "Research on the Self evaluation Method of Sporadic Materials Based on Artificial
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