
Research Article
Design of Multipoint Temperature and Humidity Silverware
Forging for Engraving Process Measurement System Based on
ZigBee Technology

Jinye Wei 1,2 and Jiaqian Leng 1,2

1King Mongkut’s Institute of Technology Ladkrabang, Ladkrabang District, Bangkok 10520, �ailand
2Nanning University, Nanning, Guangxi 530200, China

Correspondence should be addressed to Jiaqian Leng; lengjiaqian@nnxy.edu.cn

Received 12 June 2022; Accepted 20 July 2022; Published 13 August 2022

Academic Editor: Shadi Aljawarneh

Copyright © 2022 JinyeWei and Jiaqian Leng.�is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

�is paper studies an embedded monitoring system centered on ZigBee technology to realize real-time temperature and humidity
monitoring, and to ensure low power consumption, high reliability, low cost, and collection of environmental information. �e
communication is designed using the star topology, and the whole network structure is composed of a master node and three
sensor receiving nodes to realize the unlimited transmission of network data. �e main control point is to determine the
coordination of the scope of the ZigBee network con�guration system. �e ZigBee network can communicate with the host
through the data port to realize the acceptance of temperature and humidity data and the sending of commands. Based on this
research, this paper determines the impact of non-target parameters on the actual measurement data of the multipoint tem-
perature and humidity sensor, and at the same time determines the key in�uencing factors. For HMP-45Dmultipoint temperature
and humidity, an improved genetic algorithm (GA) combined with a support vector machine (SVM) is used to compensate
humidity and temperature data, which is designed to a�ect the actual measurement error of the multipoint temperature and
humidity sensor. �is paper studies the silver forging process, compares the environmental factors of silver carving, further puts
forward the control strategy of Hagoun product forging and carving environment control from the perspective of temperature and
humidity, and designs the environmental temperature and humidity measurement and control system from the perspective of
temperature and humidity control. �e system design proposed in this paper is mainly to construct and apply the silverware
forging and engraving environment temperature and humidity measurement and control system on the basis of integration and
maintenance-free and verify the e�ectiveness and feasibility of the system in the protection of cultural relics.

1. Introduction

ZigBee technology is widely understood as an energy-e�-
cient network operation and a large-scale wireless com-
munication protocol. We can also use routing methods to
establish a theoretically unlimited communication network.
ZigBee network technology is more complex and powerful
than infrared, Bluetooth, and other network structures.
ZigBee is widely used in various production and life �elds,
such as industrial production, environmental monitoring,
commercial automation management, and automotive au-
tomation production. �e world’s leading manufacturers

generally pay attention to the development of ZigBee
technology and have great con�dence in the future of the
ZigBee market. At the same time, the ZigBee Technology
Alliance is also expanding, cooperating with a number of
chip manufacturers and software developers to establish a
standardized organization. ZigBee technology is expected to
have broader development prospects worldwide.

In this article, we designed a multipoint temperature and
humidity measurement terminal, which is the core unit, uses
ZigBee technology to implement unlimited communication,
and collects multi-channel sensor data from the base station
wireless network. �e wireless base station control center is
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equipped with an AT91SAM9263 microprocessor and
combined with CC2530. (is is a chip-based system that
supports ZigBee applications and large SD card memory
devices for multi-processor operation. (e measurement
result is controlled by the low power consumption of
MSP430F2618. (e core downloads the multifunctional
humidity measurement dimension through the CC2530
wireless network module with field measurement, network
connection, stability temperature sensor, and HHC2-S
humidity sensor. (is article introduces a network appli-
cation program that supports multitasking with the Layer
operating system, and the research and development of the
ZigBee network based on the Z protocol stack of FA
Enterprise.

Finally, through the detailed study of the silver forging
process, this paper further expounds its processing tech-
nology and characteristics, analyzes the development status
of the silver forging process and its application in modern
metal technology, and applies ZigBee technology to silver
forging and carving environment. (e precise control and
environmental humidity of the system are designed, and the
hardware and software designs of the entire system are
introduced in detail. It can be seen that +0.3°C means that
the system temperaturemeasurement accuracy can reach the
level, and ±1.5%means the humidity measurement accuracy
can reach the level. (e humidity control accuracy can reach
3%. In addition, the maintenance-free automatic water re-
plenishment function facilitates the temperature and hu-
midity environment of silverware forging and engraving its
own products. After experimental testing and field appli-
cation, the system runs stably and reliably, and the mea-
surement accuracy meets the design requirements.

2. Related Work

(e literature introduces the traditional Gumgang handi-
crafts and modern hand-painted forgings applied to the
craftsmanship and technology restoration and retains the
craftsmanship and artistic characteristics of sculptures in
some ethnic minority areas in southwest China. As a process
of accumulation of cultural origin and experience of hand
forging, it supports and promotes the development of hand
forging technology. (e literature introduces a wireless
temperature and humidity monitoring system based on
ZigBee technology, which allows temperature and humidity
sensor modules to monitor temperature and humidity in
real time within the network of the monitoring center; some
literature describes the hardware design of the system [1, 2].
First, this paper introduced the technical advantages of
ZigBee wireless sensors in the network. Based on the ad-
vantages of ZigBee, we will explain in detail the overall
design of the farm’s wireless temperature and humidity
monitoring system, including the basic hardware configu-
ration, software flow, and hardware based on ZigBee radio
temperature and humidity monitoring [3]. And we create
software according to the hardware structure, apply it to the
temperature and humidity monitoring of the breeding field,
realize the temperature and humidity monitoring of the
breeding field, and analyze the experimental results. (e

literature introduces the star topology network structure and
creates a method to improve the accuracy and reliability of
the equipment in the software and hardware [4]. Experi-
ments show that the key indicators of the equipment have
reached the level of domestic and foreign products [5]. (e
literature introduces the main design of the single-chip
microcomputer, using multiple sensors to collect data of
temperature and humidity parameters under the control of
the single-chip microcomputer. (e system is mainly
composed of temperature measurement theory, analog
circuit, digital circuit, digital filtering algorithm, and single-
chip microcomputer [6].

3. Model Design of Multipoint Temperature
Based on ZigBee Technology

3.1. ZigBee Technology and Protocol. With the rapid devel-
opment of semiconductor technology and communication
technology in the world today, new short-range wireless
communication devices have appeared one after another,
and gradually replaced wired devices, occupying most of the
market share [7]. In the 21st century, various non-
technologies have been quite mature. Mid-infrared tech-
nologies such as Bluetooth technology and radio frequency
technology have been widely used in production and life.

(is technology is a new type of wireless touch network,
which is becoming more and more common in low-speed
wireless networks. It mainly utilizes the advantages of short
distance, low data rate, low power consumption, and low
cost, and is used for intelligent control and short distance
wireless communication, and can be integrated into general
equipment to develop a small and economical wireless
sensor network [8]. (e traditional ZigBee protocol struc-
ture is uniformly regulated by the ZigBee Technology Al-
liance. Figure 1 shows a block diagram of each layer
structure.

(e functions of data transmission and management
tasks in the higher layer of the ZigBee protocol are provided
and supported by the lower layer. After years of innovation
and years of user practice by the ZigBee Alliance, the to-
pology of the ZigBee network changes every day. Today, the
most widely used network topologies in the world include
star, mesh, and tree structures.

(1) Type topology: (e star topology is the core of the
entire network and is generally located in the center
of the network. It can establish and maintain the star
network in real time. (e RFD node is responsible
for implementing specific development functions
[9]. (is device can not only receive the signals
obtained from the sensors, but also directly com-
municate with the coordinator. It is the connection
channel between the outside world and the central
controller. Of course, the coordinator can also be
used on the terminal device, and all data must pass
through the coordinator.
(e star topology is structurally flexible and has poor
portability. Each node must be connected to the
coordinator, reducing the overall structure of the
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network [10]. Many endpoint devices are susceptible
to network data expectations and other phenomena,
leading to serious data loss. Due to structural
commonality, if the ZigBee coordinator is abnormal,
the entire network cannot continue to operate.

(2) Mesh topology: In contrast, the mesh topology is
safer and more reliable. (e entire network is usually
coordinated by multiple coordinators to form the
framework of the network.(ey are the same as each
other and can transmit data between each node and
the coordinator within the range. Each RFD can be
used to tune the entire system, but it can only be
tuned once [11]. (e ownership of the coordinator is
regulated by the upper network. Once the coordi-
nator is confirmed, it can manage the functions of
the entire network and bind the connection of each
device without simply sending other data.
(e mesh topology provides highly reliable perfor-
mance and can be automatically created, organized,
and self-repaired, so that it can quickly adapt in
harsh environments.(e path of data transmission is
selectable in the network structure, rather than a
single one, thus avoiding the possibility of network
paralysis [12]. (e variable coordinator will increase
the time in the data transmission process, and at the
same time will increase the network complexity and
power consumption.

(3) Tree topology: A group of tree structures can be
formed by connecting multiple groups of star

combinations. Like the grid structure, the tree nodes
are all composed of FFD, and the ownership of the
coordinator is determined by the upper network.(e
end nodes of the network usually use RFD for op-
eration and will also provide FFD under any cir-
cumstances [13].

3.2. Multipoint Temperature and Humidity Measurement
Technology. (e HMP-45D Pt100 Platinum resistance
temperature sensor is manufactured by photolithography
technology. (e metal has high purity, good stability, and
good reproducibility, is very sensitive to changes in ambient
temperature, and has accurate reproducibility. Its value is
10−4. Because of these characteristics, platinum resistors are
often used to create laboratory standard equipment for
instrument measurement and calibration [14]. (e platinum
resistance temperature measurement is based on the linear
relationship between the platinum resistance conversion
amount and the ambient temperature value. (e relation-
ship between resistance value and temperature value is re-
flected in formulas (1) and (2).

Rt � R0 + 1 + At + Bt
2

+ C(t − 100)t
3

  − 50< t< 0∘C, (1)

Rt � R0 ∗ 1 + At + Bt
2

  0< t< 80∘C.

(2)

(emost important parameters of a moderately sensitive
capacitive sensor are the capacitance value and quality
factor. Among them, the production level is directly de-
termined by the quality of the capacitor. (e capacitance
value C is obtained by measuring the circuit. In fact, the
capacitance change is very small (usually less than 50pF), so
the small capacitance value is converted to a voltage value
between 0V and 1V by a high-frequency conversion circuit.
(e relationship between the last measured capacitance
value and humidity value is corrected.

(e corresponding relationship between the capacitance
value of the humidity-sensitive capacitor and the relative
humidity is described in formula (3).

C � ε0εr

S

D
. (3)

(rough the analysis of formula (3), it can be known that
the dielectric constant, the effective relative area of the
electrode plate, and the film thickness directly determine the
capacitance value of the humidity-sensitive capacitor.
Similarly, according to the characteristics of the material,
temperature changes have little effect on the effective mating
area of the storage substrate but have a greater effect on the
humidity-sensitive film thickness [15, 16]. As the ambient
temperature increases, heat will cause the humidity-sensitive
film to expand and reduce its capacitance value, but there is a
positive correlation between the effective area S and the
capacitance value C [17]. In other words, the capacitors that
are sensitive to humidity due to temperature changes have
different effects, and the inevitable mathematical connection
between the two cannot be expressed in the functional re-
lationship [18, 19].
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Figure 1: ZigBee protocol structure.
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(e humidity sensor is susceptible to interference from
the ambient temperature when measuring relative humidity,
and the actual humidity data observed will be displayed in a
nonlinear manner. To correct the temperature nonlinear
error interference in the observed data value of the humidity
sensor, the mathematical model of the humidity sensor is:

y � f(x, t). (4)

(e inverse function of formula (5) is:

x � f
− 1

(y, t). (5)

Formula (5) shows that relative humidity and ambient
temperature are used as model input data to finally eliminate
the measurement error caused by temperature t.

Start with limited sample data to obtain the best gen-
eralization ability to find the best balance between the
complexity of the SVM algorithm and the learning ability.
Compared with the empirical risk minimization model, the
support vector machine can effectively prevent the local
extreme and the “over-learning” state from showing certain
advantages [20–22].

At the same time, in order to improve the fault tolerance
of the support vector machine regression algorithm model,
the relaxation factor Fi, ξ

∗
i and the penalty factor C are

introduced to perform the nonlinear conversion. Equation
(6) provides an optimal solution to the problem:

1
2
‖w‖

2
+ C 

l

i�1
ξi + ξ∗i( 

⎧⎨

⎩

⎫⎬

⎭,

s.t.

w · xi + b(   − yi ≤ ε + ξi

yi − w · xi + b(  ≤ ε + ξ∗i

ξi, ξ
∗
i ≥ 0, i � 1, 2, · · · , l

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

⎫⎪⎪⎪⎪⎪⎪⎪⎬
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.

(6)

Use the Lagrange multiplier to transform it into a dual
problem:

max 
l

i�1
αi −

1
2



l

i�1


l

j�1
αiαjyiyjK xi, yj 

⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭
,

s.t. 0≤ αi ≤C,
1
2



l

i�1
αiyi � 0.

(7)

Solving (7), we get:

w � 
l

i�1
αiyixi,

b � yi − 
l

i�1
yiαi xi · xj .

(8)

Finally, the discriminant function is obtained:

f(x) � sgn 

l

i�1
αiyiK x · xi(  + b⎛⎝ ⎞⎠. (9)

It can be seen from the above that SVM processes the
data in the original sample space and uses the kernel to map
it to a higher-dimensional space. (e establishment of the
classification plane can effectively avoid the disaster of di-
mensionality. Use the RBF kernel function that obeys the
Gaussian distribution, that is

K xi, yj  � exp
− xi − xj

�����

�����
2

2∗ α2 

⎛⎜⎜⎝ ⎞⎟⎟⎠. (10)

When establishing the SVM algorithm compensation
model, it is necessary to accurately select the SVM algorithm
parameters, but nowadays, the parameters are mainly se-
lected through empirical methods, grid parameter optimi-
zation methods, etc. (ese parameters cannot guarantee the
performance of further optimization. (e SVM algorithm
compensation model requires in-depth research on the
solution of selecting SVM parameters.

In the process of genetic algorithm, the genetic infor-
mation of each parent tends to be the same, which slows
down the speed of genetic evolution or even interrupts the
evolution, so that the genetic evolution reaches the local
optimal solution. (erefore, it is necessary to select the best
fitness function, optimize the genetic operator and pa-
rameter optimization, and improve the selection of genetic
selection, crossover operator, adaptive crossover probability
pc, and mutation probability pm.(e specific improvements
are as follows

(e fitness function explains the prediction accuracy of
the SVM algorithm and determines the direction of the
algorithm’s development. (e specific situation is shown in
formula (11):

MSE �
1
l



l

i�1
yo − yi( 

2
. (11)

(e objective function is:

fitness(i) �
1

MSE
. (12)

(e first is to optimize the genetic operator. At the same
time, the operation of the operator is relatively simple, which
can better ensure the diversity of population information, so
it has been widely used. However, due to the random se-
lection function, the algorithm has selection errors or un-
necessary deterioration.(erefore, this article introduces the
elite storage system and the classified working set into the
traditional roulette selection algorithm. First, calculate the
physical fitness values of all individuals, classify them from
small to large according to their sizes, and then select and
save the best individuals with the largest physical fitness
values from the previous generation of 5%×n population;
perform for the remaining individual’s Roulette selection,
ensuring individual safety (95%× n− 1), crossover and
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mutation, to ensure the safety of all individuals in the next
generation.

In addition to improving and optimizing genetic op-
erators, it is also necessary to adjust the crossover probability
and mutation probability according to the similarity of the
parental genetic information. If the personal differences
between parents are large, a larger probability of crossover
and a smaller probability of change are needed to store good
parental information. If the personalized information tends
to be consistent, a smaller crossover probability and a higher
mutation probability are required to maintain the diversity
of demographic information and avoid falling into the re-
gional optimal solution. Based on the individual similarity,
crossover, and change probability, when r> r0 is adjusted, as
shown in formulas (13) and (14).

pc �

pc1 ∗
r − r0

r
+

fmax − f

fmax − favg
 , fong ≤f,

pc2 ∗
r − r0( 

r
, fang >f,

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(13)

pm � pml ∗
r − r0

r
+

fmax − f′
fmax − fzvσ

  , fmg ≤f′. (14)

3.3. System Energy Consumption Control. (e wireless
measurement terminal designed in this paper adopts a
specific energy consumption control strategy, which can
make the system reduce power consumption. In order to
ensure the stable operation of the system, reducing the use of
auxiliary power is the basic method to solve the problem of
system energy consumption. From the perspective of the-
oretical analysis, this article discusses how the system ef-
fectively uses battery power, balances the overall energy
consumption of the control network, and maximizes the
system’s stable running time.

Based on the modular design of the wireless measure-
ment terminal, the main part of the additional energy
consumption in the wireless measurement terminal is the
microprocessor module as the wireless communication
module and the user interface module. (e current running
statistics of each module is shown in Figure 2.

Modules with high energy consumption are the main
goal of controlling energy consumption. For liquid crystal
displays, the steps taken are relatively simple, and program
control can save money and make the most of them. After
the mechanical interface stops working, by turning off the
LCD power supply, the energy consumption of personnel
can be reduced. When an operation on the mechanical
interface is triggered, a new man-machine interface will be
displayed on the LCD display. In order to realize the network
communication of the system, energy consumption must be
controlled under the premise of ensuring the quality of
network communication. We will study and analyze the
power consumption of wireless ZigBee networks.

(is article uses a simple model to illustrate the energy
consumption of wireless communication processing.

Wireless communication includes wireless transmission and
wireless reception. Transmission energy consumption in-
cludes transmitter energy consumption and drives circuit
energy consumption. (e transmission distance is the en-
ergy loss of the wireless communication module to transmit
data between the next two nodes:

ETx(k, d) � ETx−elec(k) + ETx−amp(k, d)

�
kEelec + kεfriss−ampd

2

kEelec + kεtwo−ray−amp d
4

⎧⎪⎨

⎪⎩
�

d< dcrossover ,

d> dcrossover ,

ERx(k, d) � ERx−elec(k) � kEelec.

(15)

Generally, the power consumption of the circuit is
considered to be the same during transmission and recep-
tion. Because the energy consumption coefficients of the
radio frequency amplifier are Efriss− amp and Etwo−ray−amp
respectively. (en, the coefficients of the model are:

Eelec �
50nJ

bit
,

εfriss−amp �
10pJ

bit/m2,

εtwo−ray−amp �
0.0013pJ

bit/m4 .

(16)

Because the main source of consumption is the trans-
mission and reception of data. (erefore, active energy
consumption control is performed during data transmis-
sion.(rough wireless, reducing power and reducing energy
consumption is the most direct and effective control
method.

Assuming that the distance between nodes on the
communication link of the router is the same as that of the
coordinator, and k-bit data is sent to the coordinator at a
fixed time interval, the node n farthest from the coordinator
is forwarded to the node n− 1(e energy consumption is as
follows:

En � kEelec + kεd2
. (17)

In addition to sending k-bit data from node n− 1 to node
n− 2, it is also necessary to forward the k-bit data of node n.
(e energy consumption of node n− 1 is as follows:

En−1 � 3kEelec + 2kεd2
. (18)

(e energy consumption of the nth node and the mth
node in the communication link can be estimated:

Em � (2n − 2m + 1)kEelec +(n − m + 1)kεd2
,

E1 � (2n − 1)kEelec + nkεd2
.

(19)

By comparison, we can see that the energy consumption
of the nth node is less than the energy consumption of the
first node, and as the depth gradually increases, the differ-
ence is more obvious.
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Based on the questions in the previous section, re-
searchers have proposed various measures and methods to
improve the life cycle of the network without supplementing
energy. (is section analyzes, compares, and proposes so-
lutions to control the energy consumption of a single node
and the difference in energy consumption between network
nodes, and how to optimize energy consumption control
strategies. (e node residual energy model can be embodied
in formula (20):

Eleft � E0 − ETx − ERx

� E0 − Eelec + εfriss−ampd
2
Eelec + εfriss−ampd

2
 kT − EeleckR.

(20)

Considering the application of the system, during the
measurement process, the nodes will not move their posi-
tions after placement, and in most cases, each node will
transmit data to the coordinator along a fixed routing path.
Each node transmits data at a fixed sampling interval, then:

kT � nT · t,

kR � nR · t.
(21)

Equation (20) is further changed to

Eleft � E0 − Eelec + εfriss−ampd
2

  · nT · t − Eelec · nR · t. (22)

3.4. Energy Consumption Simulation. (e simulation result
is shown in Figure 3. In the left figure, we can see the
simulation results that do not control the energy con-
sumption, the nodes close to the coordination transfer a
large amount of data, and the energy consumption is very
fast, becoming the first dead node. (e picture on the right
uses a control strategy based on dynamic coordination. Due
to node load distribution, most nodes will consume energy
and leave the network until the first dead node appears in
about 45,000 seconds. In a relatively short period of time, if
the number of remaining nodes is the total number of nodes,
the simulation time used by the two methods is similar. (e
last remaining node is the eccentric end node, because it
does not need to transmit data from other nodes and
consumes the least energy.

(e node residual energy analysis calculates the residual
energy of all nodes when the network is disconnected. (e
simulation result is shown in Figure 4. (e left picture does

not use the energy balance method, so when the first node is
displayed, the remaining nodes have more energy and the
energy distribution range is larger. (e right figure uses a
dynamic coordinated control strategy. From the results in
the figure, the dynamic adjustment strategy has achieved a
better energy balance effect.

(rough the above simulation analysis, we can see that
the area around the coordinator node in the wireless ZigBee
network is the area with the highest energy consumption in
the entire network. Nodes in this area need to transmit data
from remote nodes. (erefore, it consumes the fastest en-
ergy. (e main function of energy optimization control is to
coordinate multipath from energy-intensive domain data to
reduce the excessive energy consumption of certain nodes
and balance the energy load of the entire network, thereby
improving energy efficiency. (e simulation results show
that the energy optimization control has a positive influence
on the nodes in the energy-intensive area.

4. Practical Application of Multipoint
Temperature and Engraving Process

4.1. Overall Design of Multipoint Temperature and Humidity
Measurement System. (e system is mainly used for tem-
perature and humidity measurement and control research.
(e system uses Palm certified Codewarrior 5.0 develop-
ment platform. Compared with assembly language, C lan-
guage has readability, flexibility, efficiency, module design
and development, and rich library functions. (is system is
suitable for project management and multiple management.

System software design mainly includes the following
parts: design temperature and humidity acquisition pro-
gram, design humidity control program, design system
communication software, and design human–computer
interaction. (e whole system of the system software is
shown in Figure 5.

4.2. SystemDataCollectionandCommunication. Table 1 lists
the communication protocol between the single-chip
computer and the sensor module.

Serial communication is the basic method for the mi-
croprocessor to exchange data with the outside world. Few
transmission lines are used for communication connection
lines, and binary data sets are transmitted in bit order to
share time in the software. MC9S12XS128 has two full-
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Figure 2: Energy consumption of each module of the wireless measurement terminal.
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duplex serial communication interfaces SCI.(e design uses
query mode to enable data transmission and interrupt mode
to enable data reception.

In order to ensure the integrity and reliability of the
communication information, a more stringent communi-
cation protocol has been set up for data analysis commu-
nication. (e specific content is shown in Table 2.

(e communication protocol format is shown in Table 3.
In the second agreement, the sequence of data content is

shown in Table 4.
In Article 4 of the agreement, the sequence of data

content is shown in Table 5.
All numerical data are represented by high and low

bytes.
In the 5th agreement, the data sequence of the tem-

perature and humidity parameters to be set is shown in
Table 6.

4.3. System Interface Design. After powering on the system,
the “Welcome” interface will be displayed. After about 1
second, it will enter the inspection interface of the system
itself to display the operating status of the device, the hu-
midity setting target value, and the upper and lower limits of
humidity. After 2S, go to the main data display interface,
which displays the latest temperature and humidity data and
the current time.
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Figure 4: Node residual energy simulation without energy consumption control (a) and dynamic adjustment energy consumption control (b).
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Table 1: Communication protocol between temperature and humidity monitor and sensor.

Serial number Content Number of bytes Data flow direction Remarks
1 52 18 3F 0A 4 Controller-sensor Get temperature
2 48 16 temperature value corresponds to ASCII code 0A 7 Controller-sensor Send temperature
3 52 20 3F 0A 4 Controller-sensor Get humidity
4 48 16 humidity value corresponds to ASCII code 0A 7 Controller-sensor Send humidity

Table 2: Communication protocol between temperature and humidity monitoring system and data analyzer.

Serial
number Character (data packet) Content Direction

1
A (0x41) + instrument address (0x01) +D

(0x44) + instruction length (0x03) + data reserved
byte (OxAA OxBB) +CRC (IB) 7 bytes in total

Intelligent data analysis loads temperature
and humidity sensors and device status data
into temperature and humidity monitors

Intelligent data analyzer-
temperature and humidity

monitor

2
a (0x61) + instrument address (0x01) + d

(0x64) + instruction length (OxOB) + data content
(10B) +CRC (1B) total 15 bytes

(e temperature and humidity monitor
sends temperature and humidity sensors
and device status data to intelligent data

analysis

Temperature and humidity
monitor an intelligent data

analyzer

3
A (0x41) + instrument address (0x01) +G

(0x47) + instruction length (0x03) + data reserved
byte (OxCC OxDD) +CRC (IB) 7 bytes in total

Intelligent data analysis can read the
current temperature and humidity settings
on the temperature and humidity monitor

Intelligent data analyzer-
temperature and humidity

monitor

4
a(0x61) + instrument address (0x01) + g

(0x67) + instruction length (0x24) + data content
(35B) +CRC (1B) 40 bytes in total

(e temperature and humidity monitor
feeds back the current temperature and
humidity settings to intelligent data

analysis

Temperature and humidity
monitor-intelligent data

analyzer

5

A (0x41) + instrument address (0x01) + S
(0x53) + instruction length (OxOF) + temperature
and humidity parameters to be set (14B) +CRC (IB)

19 bytes

Intelligent data analysis sends the set
temperature and humidity parameters to
the intelligent temperature and humidity

monitor

Intelligent data analyzer-
intelligent temperature and

humidity monitor

6
a (0x61) + instrument address (0x01) + s

(0x73) + instruction length (0x03) + data content
(2B) +CRC (1B) 7 bytes in total

(e intelligent temperature and humidity
monitor can respond to the intelligent data
analysis of the successfully set temperature

and humidity parameters

Intelligent temperature and
humidity monitor

intelligent data analyzer

Table 3: Basic format of communication protocol.

Packet header (byte) Instrument address (byte) Function type (byte) Data length (byte) Data content Check digit (byte)
1 1 1 1 N bytes 1

Table 4: Protocol 2 data content sequence.

Serial number 1 2 3 4 5
Name Temperature value Humidity value Operation/fault Humidification/dehumidification Reserved byte
Number of bytes 2 2 1 1 4

Table 5: Protocol 4 data content sequence.

Serial number 1 2 3 4
Name Humidity target value Upper limit of humidity Lower limit of humidity Reserved byte
Number of bytes 2 2 2 8

Table 6: Protocol 5 data content sequence.

Serial number 1 2 3 4
Name Humidity target value Upper limit of humidity Lower limit of humidity Reserved byte
Number of bytes 2 2 2 8
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When the setting key is pressed from the main LCD
display interface, it enters the setting state, initializes the
setting data, and then determines the value of the next key.
When entering this interface for the first time, the cursor will
highlight the first position of the configuration, otherwise
the cursor will remain at the last position when exiting the
configuration interface last time. (e left and right keys are
used to change the cursor position, the up and down keys are
used to increase or decrease the number, the set key is used
to decrease the position bar, and the enter key is used to set
the current value. (e OK key is used to save the current
values, exit the status and position setting interface, and
return to the main display interface. Button name and
function description are shown in Table 7.

4.4. Status Quo of Silver Forging and Engraving Process.
China’s Miao, Bai, Tibetan, and other ethnic minorities still
use forging and carving techniques. (is minority still
maintains traditional handicrafts such as hammering and
engraving ,and maintains certain traditional lifestyles and
customs of its national culture. Due to the difference in
development, we mainly study the hammering and en-
graving techniques of the Bai and Tibetans.

In addition to preserving and retaining the hammering
and engraving techniques of some ethnic minorities,
modern folk literature and art are also used for the resto-
ration of handmade jewelry artifacts. (e restoration of
cultural relics is a very important task of the Archaeological
Museum.(emetal restoration techniques in the restoration
of cultural relics include gold restoration, bronze restora-
tion, and tin restoration. (e original production process of
cultural relics is mainly used after restoration to ensure the
unity and integrity of cultural relics. It is a targeted crafting
technique. For traditional Gumgwaung restoration tech-
niques, hammering and engraving techniques are used in
museums and archaeological projects. (e restoration of
cultural relics is diverse, complex, and targeted. (erefore,
the restoration of cultural relics usually requires the com-
prehensive use of several technical tools. Cultural relic
restoration workers inherit the traditional hammering and
engraving techniques so that traditional techniques can
reproduce the historical truth.

(e theme of the development of modern metal
craftsmen is to discuss the inheritance of traditional

handicrafts and reflect the spirit of the times under con-
temporary art concepts. Hand forging includes the tradition
and history of forging and engraving technology. (e origin
and development of forging and engraving technology
continue to absorb production experience and use manual
methods to express the author’s creative ideas in the context
of the new era. With the development of productivity,
technology is constantly updated and improved. It is based
on the experience of the predecessors and continues to
innovate on this basis. As a new kind of handicraft, hand
forging by modern metal craftsmen has special aesthetic
importance. Traditional metal crafts often emphasize the
beauty of the material itself and the value of the material,
especially the artificial products with the greatest function
made of the material. As a new kind of artwork, handicrafts
may be eliminated, abandon the concept of utilitarianism,
focus on pure artistic expression, and have a clearer aesthetic
tendency. In the process of constantly seeking modern
design, we are committed to expanding the expressive power
and charm of metal materials, transcending the functional
scope of materials, and giving them more spiritual and
cultural meanings.

5. Conclusion

Since the advent of ZigBee wireless communication
technology, it has been receiving extensive attention for its
unique features such as simple protocol, low cost, powerful
functions, and strong interference capabilities. At the same
time, we will gradually expand to other areas, such as
automation control. (e system uses ZigBee technology to
monitor the temperature and humidity of the environment.
(is article focuses on the hardware design for the col-
lection and coordination of temperature and humidity
data. (en, we will use ZigBee technology to develop and
implement a star structure topology network with func-
tions such as automatic network, environmental infor-
mation collection, wireless data transmission, real-time
LCD display, and serial data upload. Finally, the demand
for network technology is measured based on forging and
engraving tests. In addition, based on the rapid develop-
ment of integrated sensors and wireless sensor technology,
a high-precision, networked, on-site, and intelligent
wireless temperature, and humidity measurement program
was designed.

Table 7: Button name and function description table.

Name Function description

SET (1) On the monitoring interface, press this key to enter the function setting
(2) It is used to jump to the next configuration item in the configuration interface of the function

OK Return to the status display interface in the function configuration interface, and complete
the confirmation for confirming certain selections

LEFT (1) Function configuration interface 1 is used to adjust the position of the selected item
(2) (e function configuration interface 2 is used to move the position of the selected number to the left

RIGNT (1) Function configuration interface 1 is used to adjust the position of the selected item
(2) (e function configuration interface 2 is used to move the position of the selected number to the right

UP (e function configuration is used to increase the value of a specific number in interface 2
DOWN (e function configuration is used to increase the value of a specific number in interface 2
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