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In order to improve the e�ciency and throughput of data transmission of laboratory instruments and equipment and reduce
resource consumption, an optimization algorithm of data transmission e�ciency of laboratory instruments and equipment based on
frequency control is proposed. Firstly, the frequency control method is used to construct the real-time data transmission model of
laboratory instruments and equipment, and the optimal equivalent load of instruments and equipment is obtained. Secondly, the
�ltering time constant is selected through the �rst-order low-pass �ltering control model to obtain the value range of the �ltering
time constant. Finally, the �lter time constant is optimized in real time according to the stabilized power prediction value sequence,
the optimization objective function of data transmission e�ciency is obtained, and the optimization of data transmission e�ciency is
realized by solving the objective function.�e experimental results show that compared with the traditional algorithm, this algorithm
can improve the data transmission e�ciency of laboratory instruments and equipment and improve the data throughput and reduce
the resource consumption. �e data transmission e�ciency of this algorithm is always maintained at more than 85%.

1. Introduction

With the development of science and technology, the
transmission of analytical laboratory data has gradually
developed in the direction of simplicity, high speed, and
high e�ciency from the initial manual transcription and
print output to media copy. In this process, computer
network plays a role of technical support [1]. �e tradi-
tional negative �lm technology used in SEM laboratory has
been gradually eliminated. At present, the new SEM in-
struments are digital photos, which saves analysts the te-
dious, time-consuming, and toxic darkroom work [2]. At
present, the analysis results submitted to users are mostly
realized by CD recording and U disk and other storage
media copy. �e problems of these methods are that the
CD-ROM recording operation of data is troublesome, the
service life of the recorder is short and prone to failure, and
there are many inconveniences in use [3]; Transferring data
through storage media such as USB �ash disk is very easy to
infect SEM equipment and computer with virus [4]. �e

types of instruments and equipment in the comprehensive
laboratory are complex, the number is huge, and the in-
crease is rapid. Di�erent instruments and equipment have
di�erent data processing and storage methods [5]. Among
them, electronic universal testing machine equipment is
the most widely used and used in materials and other �elds.
It is an indispensable testing con�guration for material
mechanics research [6]. In laboratory equipment man-
agement, realizing intelligent data acquisition of instru-
ments and equipment is the core work of the laboratory.
�erefore, whether to improve the data transmission ef-
�ciency of electronic universal testing machine equipment
is an important topic faced by laboratory equipment
management [7].

2. Research Status

Relevant scholars at home and abroad have made some
progress. �e analysis results of di�erent research methods
adopted by di�erent scholars are shown in Table 1.
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Due to the problems of low transmission efficiency, low
data throughput and high resource consumption in the
traditional data transmission algorithm of laboratory in-
struments and equipment, the reliability of the transmission
of laboratory instruments and equipment is seriously re-
duced, resulting in the reduction of data availability and
interference to the experimental results. ,erefore, it is
necessary to study a new data transmission efficiency op-
timization algorithm for laboratory instruments and
equipment. In this study, frequency control technology is
used to optimize the data transmission efficiency of labo-
ratory instruments and equipment. ,e overall research
technical scheme of the algorithm is as follows:

(1) In order to effectively improve the data transmission
efficiency, the frequency control method is used to
construct the real-time data transmission model of
laboratory equipment, and the optimal equivalent
load of laboratory equipment is obtained.

(2) Based on the real-time transmission model con-
structed above and the best equivalent load results
obtained, the filter time constant is selected through
the first-order low-pass filter control model to obtain
the value range of the filter time constant.

(3) According to the range of the filter time constant, the
filter time constant is optimized in real time by using
the smoothed power prediction value sequence, and
the optimization objective function of the data
transmission efficiency of laboratory equipment is
constructed. ,e optimization of data transmission

efficiency can be performed by solving the objective
function.

(4) Experimental verification, data transmission effi-
ciency, data throughput, and resource consumption
are the experimental comparison indicators, and the
performance of the proposed algorithm is compared
and verified.

3. Construction of the Real-Time Data
Transmission Model of Laboratory
Instruments and Equipment

Frequency control is the most commonly used method to
suppress the fluctuation of transmission power of instru-
ments and equipment at present. In order to improve the
stability of real-time transmission of data of laboratory
instruments and equipment, a real-time transmission
model of filter time constant is constructed based on
frequency control. ,e model takes the maximum data
transmission throughput used to stabilize fluctuations as
the optimization goal and takes the stabilization control
index and energy storage power and capacity limits as
constraints [18]. ,en, an optimization method of data
transmission efficiency of laboratory instruments and
equipment based on real-time optimization of filter time
constant is proposed, and the feedback control of energy
storage state and the coordination strategy of two-time
scale indicators are introduced. Finally, the optimization
effect of data transmission efficiency of laboratory

Table 1: Research status.

Research methods Pros and cons analysis
Ren and Chen [8] proposed a transmission optimization method
based on the wireless sensor network.

,e advantage is that it can shorten the queuing delay of data
transmission, while the disadvantage is insufficient throughput.

Ouyang and Cui [9] proposed a transmission optimization method
based on quadratic programming.

,e advantage is that it can realize the optimization and integration
of data transmission efficiency, while the disadvantage is that the

resource consumption is high.
Yang et al. [10] proposed a transmission optimization method based
on time complexity

,e advantage is that it can avoid the problem of data packet loss,
while the disadvantage is that the transmission efficiency is low.

Cui et al. [11] proposed a transmission optimization method based
on coupled multistable stochastic resonance.

,e advantage is that it can effectively filter the noisy signal, but the
disadvantage is that the calculation process is cumbersome and time-

consuming.

Zhang et al. [12] proposed a transmission optimization method
based on three partition state alphabet.

,e advantage is that it can enhance the flexibility of data
transmission, but the disadvantage is that it needs to use the

algorithm frequently, which increases the computational complexity.
Wu [13] proposed a transmission optimizationmethod based on the
K-means clustering algorithm

,e advantage is that it can enhance the attributes of transmitted
data, but the disadvantage is that there are many iterations.

Li et al. [14] proposed a transmission optimization method based on
compressed sensing.

,e advantage is that it can increase the capacity of the transmission
link, while the disadvantage is that it is easy to cause congestion of

the transmission network.
Hamzah et al. [15] proposed a transmission optimization method
based on greedy function and a particle swarm optimization
algorithm.

,e advantage is to improve the compatibility of data transmission,
while the disadvantage is to increase the transmission distance.

Amjad et al. [16] proposed a transmission optimization method
based on the wireless area network.

,e advantage is that it can reduce the packet loss probability of data
transmission, while the disadvantage is that it reduces the

transmission power of data transmission.

Shende and Sonavane [17] proposed a transmission optimization
method based on energy aware multicast routing protocol.

,e advantage is that it can accurately select the path of data
transmission, while the disadvantage is that it reduces the trust of

nodes.
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instruments and equipment based on this method is
analyzed.

Frequency control is one of the most commonly used
methods to control the transmitted power fluctuation of
instruments and equipment. ,e data transmission power
Pw of experimental instruments and equipment is obtained
after the desired leveled power PO,EXP through the first-order
low-pass filtering. ,e difference between PO,EXP and Pw is
the power instruction PESS,C that needs to be compensated
for the data transmission of laboratory instruments and
equipment. PESS,C is positive indicating forward transmis-
sion. ,e sum of the actual output power PESS of laboratory
instruments and wind power Pw is the total power PO of
wind power and energy storage after stabilization. At this
point, the first-order low-pass filtering control model is
expressed as [19]

PO,EXP(s) �
1

1 + Tf · s
· Pw(s). (1)

In the actual wind power and energy storage control
system, the frequency control algorithm is usually based on
the discrete system. According to 1, the frequency control
transfer function [20] can be obtained as follows:

PESS,C � PO,EXP(s) − Pw(s). (2)

By discretizing equations (1) and (2), the recursive
equation can be obtained as follows [21]:

P
t
O,EXP(s) �

T

Tf + Δt
· P

t− Δt
O,EXP +

T

Tf + Δt
· P

t
W, (3)

PESS,C � P
t
O,EXP − P

t
W, (4)

where t is the current moment, and Δt represents the cal-
culation step size. At the same time, according to the actual
output power PESS of the laboratory instrument, the optimal
equivalent load of the laboratory instrument can be calcu-
lated. At time t, we get

REL
t

� REL
0

− 􏽘
t

τ�0
P

t
ESS · Δt, (5)

where REL0 is the optimal equivalent load at the initial
moment. Equations (3)–(5) constitute the basic model ap-
plied to the data transmission frequency control of labo-
ratory instruments.

4. Optimization of Data Transmission
Efficiency of Laboratory Instruments
and Equipment

4.1. Selection of Filtering Time Constant. ,e time constant
Tf is the key parameter of the first-order low-pass filtering
control, and its size directly affects the effect of suppressing
fluctuations and the required energy storage capacity and
power. ,e data transmission efficiency of laboratory in-
struments and equipment is controlled by the first-order
low-pass filtering control model. ,e larger the Tf is, the

smoother the power after stabilization is obtained, but the
more energy storage capacity and power are needed [22].
At present, the cost of data transmission of laboratory
instruments and equipment is still relatively high, so how to
optimize and select the appropriate time constant Tf,
therefore, reducing the demand of energy storage capacity
and power through scheduling technology while meeting
the proposed fluctuation suppression index has become the
key technical problem of fluctuation suppression control
[23–25]. At the same time, the minimum data transmission
capacity and minimum energy storage power required to
suppress the fluctuation of data transmission efficiency of
laboratory instruments and equipment within a period T

are

CESS,D � max
t∈[0,T]

RELt
− min

t∈[0,T]
RELt

,

PESS,D � max
t∈[0,T]

P
t
ESS

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌.

(6)

Since the theoretical value range of filtering time con-
stant Tf is [0, +∞), it is difficult to optimize the calculation.
,erefore, it is assumed that

α �
Tf

Tf + Δt
. (7)

,e value range of variable α is [0, 1]. By substituting
equation (7) into equation (3), we can get

P
t
O,EXP(α) � α · P

t− Δt
O,EXP(α) +(1 − α) · P

t
W, (8)

P
t
ESS,C(α) � P

t− Δt
O,EXP(α) + P

t
W. (9)

,erefore, for a fixed calculation step Δt, optimizing the
variable α is equivalent to optimizing the time constant Tf.
And a increases monotonously with the increase of Tf, so
the larger α is, the smoother the power is. In order to ensure
a certain smooth effect, usually set α ∈ [αmin, 1], αmin > 0.

4.2. Optimization of Transmission Efficiency. ,e size of
filtering time constant is closely related to the effect of wave
stabilization and the energy storage power and capacity
required for wave stabilization. ,erefore, this section
proposes a real-time optimization method of filtering time
constant to obtain the optimal time constant, so as to use the
least data transmission capacity of laboratory equipment to
stabilize the wind power fluctuation in the next period to
meet the proposed fluctuation suppression index f. In this
method, α is taken as a single optimization variable, the
minimum energy storage capacity is taken as the optimi-
zation objective, and the fluctuation suppression index is
taken as the constraint condition. Next, we will take the 1-
minute period as an example.

Assuming that the predicted value sequence of data
transmission power of laboratory equipment in the next 1-
minute period is Pt+k·Δt

W,P (k � 1, 2, ..., n, if Δt � 10s, n � 6), the
predicted value sequence Pt+k·Δt

O,P (α)(k � 1, 2, ..., n) of stabi-
lized power and the predicted value sequence Pt+k·Δt

ESS,P (α)(k �

1, 2, ..., n) of data transmission power of laboratory
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equipment in the next 1-minute period can be calculated by
equations (8) and (9).
ΔPO,max(α) is defined as the maximum fluctuation of

power in the next minute. Since the fluctuation suppression
index needs to be satisfied at any time, ΔPO,max(α) is not
only related to the power fluctuation in the next minute, but
also related to the power fluctuation that has occurred in the
previous minute. ,e calculation method of ΔPO,max(α) is
shown in Figure 1, that is to calculate the maximum fluc-
tuation of any one minute period in the time window within
one minute before and after the time t (the total length is two
minutes).

Let the power sequence after stabilization in the first
minute be ΔPt− m·Δt

O,L (m � 0, 1, .., n − 1), then the power after
stabilization in the time window [t − 1min , t + 1min] can
be expressed as

PO,WIN(α) � ΔPt− m·Δt
O,L ,ΔPt+k·Δt

O,P (α)􏽮 􏽯. (10)

,en the maximum fluctuation ΔPO,max(α) of power
after stabilization in the next 1minute can be calculated by
the following formula:

ΔPO,max(α) � max
i∈[1,n]

max
j∈[1,n]

P
τ
O,WIN(α)􏽨 􏽩 − min

j∈[1,n]
P
τ
O,WIN(α)􏽨 􏽩􏼨 􏼩.

(11)

Among them, s � t − (i − 1 + j) · Δt.
According to equations (10) and (11), the energy

storage capacity CESS,D(α) and energy storage power
PESS,D(α) required in the next 1 minute period can be
calculated, both of which are related to variable α.
CESS,D(α) can more clearly reflect the operation process of
the energy storage system in a period of time and is closely
related to the operation economy and cost calculation of
the data transmission efficiency of laboratory instruments

and equipment. ,erefore, CESS,D(α) minimum is taken as
the objective function of the optimization method, as
follows:

max
α∈ αmin,1[ ]

CESS,D(α). (12)

Let ΔPO,LIM be the maximum fluctuation limit in the
next one minute. If only one minute time scale fluctuation is
considered, then the value of ΔPO,LIM is set as the one-
minute time scale fluctuation suppression index Pw,c. If two-
time scales fluctuation is considered, then ΔPO,LIM should be
determined by two-time scale index coordination strategy.
,erefore, the maximum power fluctuation constraint of
laboratory equipment in the real-time optimization method
of filtering time constant can be expressed as

ΔPO,max(α)≤ΔPO,LIM. (13)

In addition, the maximum charging and discharging
power of laboratory equipment is usually determined by the
grid connected converter. Setting PESS,LIM as the maximum
charging and discharging power limit of laboratory equip-
ment, the data transmission power constraints of laboratory
equipment are as follows:

PESS,D ≤PESS,LIM. (14)

As mentioned above, equations (12)–(14) are the real-
time optimization functions of the filtering time constant.
Based on this, the data transmission efficiency of laboratory
equipment is optimized.

,ere are maximum and minimum operations in the
objective function and constraint conditions, so the tradi-
tional gradient based optimization method is difficult to
solve. In addition, the optimization period of the optimi-
zation method can be set flexibly, such as 5 minutes, 10
minutes, and so on. Obviously, the optimal operation mode
of energy storage can be obtained by optimizing the time
constant in a longer period of time. However, due to the
uncertainty of the data transmission power of laboratory
equipment, it is difficult to accurately predict the trans-
mission power of instrument identification in a long period
of time, and the amount of calculation is also larger, so it is
not suitable for running in the food time control system.
,erefore, this paper takes 1 minute as the optimization
period of the filtering time constant optimization model,
which corresponds to the time scale of the fluctuation
stabilization index proposed by the demonstration project.

Part of the code of the algorithm is shown in Figure 2.

4.3. Optimization Algorithm Steps

(1) eNB obtains data transmission information of
laboratory instruments and equipment from DASH
proxy or DASH multicast proxy;

(2) eNB collects channel quality information of labo-
ratory data transmission in the cell;

(3) PSNR(P) corresponding to COL of each grade is
used as the auxiliary value of temporary decision;

Forecast the next 1
min period

ΔPo,max

po
w

er
 (M

W
)

Moving one minute window

1.30

1.31

1.32

1.33

1.34

1.35

1.36

1.37

1.38

t-1min t+1mint
Time

Pw
Po

Figure 1: Calculation diagram of maximum fluctuation in the next
minute.
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(4) ,e user partition point is selected, that is, all data
transmission sequences are sorted in the order of
channel quality from small to large, the former users
are divided into unicast transmission (Xcan choose
5, 10, 15, . . ., 95100), and the resource consumption
(r) under the condition of X% as the partition point
is calculated;

(5) Calculate the PSNR: m� p/r;
(6) Traverse X in the range of (5, 10, 15, . . ., 95100),

calculate m value corresponding to each x value,
select the maximumm value and record it as Max-T;

(7) Save the unicast multicast distribution mode cor-
responding to Max-T;

(8) eNB sends the UE information allocated for multicast
transmission (including the channel quality infor-
mation of UE) and the multicast data transmission
resource quota to the DASH multicast proxy;

(9) DASH multicast proxy sorts multicast UES
according to the channel quality from small to large
and records the minimummin-CQI;,emaximum
value is max-CQI;

(10) Select the multicast group subdivision granularity s,
s can be an integer from 2 to 15 (CQI level is 1 to
15);

(11) ,e CQI range of multicast UE is divided equally
into s parts, which are recorded as 1 to s levels. UE
belonging to the same channel quality level are
divided into the same group;

(12) ,e bit rate of s-data transmission is determined for
each sub-multicast group, and there is a corre-
sponding relationship between the bit rate and
worst CQI in the sub-multicast group;

(13) ,e transmission rate of each RB has a corre-
sponding relationship with CQI;

(14) ,e number of RB needed for the video with the
corresponding bit rate is calculated according to the

size of the data transmission fragment and the data
transmission speed of RB, and the RB resource
consumption of all multicast levels is added up;

(15) If the number of RB does not reach the upper limit
of multicast radio resources, the number of level s is
increased by 1, and steps (11) to (14) are repeated
until the multicast data transmission resources are
consumed, and the optimized device data trans-
mission efficiency is obtained.

5. Experiment

5.1. Experimental Scheme. ,e connection of experimental
instruments is shown in Figure 3.

First of all, the simulation environment is still the SFN
domain composed of 19 laboratories. ,e 19 laboratories
form three layers from the inside to the outside.,e distance
between eNB base stations is 500 meters, and the number of
UE is 20, 50, 100, 200, 300, 400, and 500. ,ese seven groups
of data are simulated separately. ,e UE randomly diverges
in the SFN domain composed of these 19 laboratories. In
terms of video services, we set up 8 video programs to
simulate multi video services. ,e UE is divided into the
eight video services on average.

In addition to using the actual collected data, in order to
improve the reliability of the experimental results, we also used
MySQL database, redis database, and Memcached database.

,e simulation parameters are as follows:
Number of laboratories: 19; Laboratory interval: 500M;

Bandwidth: 10MHz; Carrier frequency: 2GHz; Channel model:
Tu channel model; Base station transmission power: 46dBm;
UE transmission power: 24dBm; Simulation time: 80 s.

5.2. Experimental Result

5.2.1. /roughput of Laboratory Equipment in the Process of
Data Transmission. In order to verify the throughput of this
method in the process of data transmission of laboratory

Figure 2: Algorithm code (part).
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equipment, the methods of reference [8], reference [9], and
this method are used to test the throughput of data trans-
mission, and the results are shown in Table 2.

From the analysis of Table 2, it can be seen that the
throughput in the process of data transmission is different
under different methods. When the data transmission dis-
tance is 100m, the throughput of themethod of reference [8]
in the data transmission process of laboratory instruments
and equipment is 125 kbit, the throughput of the method of
reference [9] in the data transmission process of laboratory
instruments and equipment is 212 kbit, and the throughput
of the method of this paper in the data transmission process
of laboratory instruments and equipment is 323 kbit. Under
this transmission distance, the throughput of the algorithm
in this paper is increased by 198 kbit and 111 kbit, respec-
tively. When the data transmission distance is 300m, the
throughput of the method of reference [8] in the data
transmission process of laboratory instruments and
equipment is 96 kbit, the throughput of the method of
reference [9] in the data transmission process of laboratory
instruments and equipment is 134 kbit, and the throughput
of the method of this paper in the data transmission process

of laboratory instruments and equipment is 276 kbit. Under
this transmission distance, the transmission throughput of
the algorithm in this paper is increased by 180 kbit and
142 kbit, respectively. ,e above experimental results show
that the throughput of this method in the process of
equipment data transmission is significantly higher than that
of other methods, which indicates that this algorithm im-
proves the performance of data transmission of laboratory
equipment.

5.2.2. Resource Consumption in the Transmission Process of
Laboratory Instruments. In order to analyze the resource
consumption of laboratory equipment, the methods of
reference [8], reference [9], and the resource consumption of
laboratory equipment detected by this method are used, and
the results are shown in Figure 4.

By analyzing Figure 4, we can see that the resource
consumption of the experimental data transmission process
is different under different methods. When the data
transmission volume is 100GB, the resource consumption of
the method in reference [8] is 215TTI, the resource

power source

PC

laboratory appliance

Electronic load

STM8S003F3 microcontroller

Figure 3: Experimental instruments. Next, we test the data transmission optimization scheme of experimental instruments and equipment
proposed in this paper.

Table 2: Comparison results of data transmission throughput.

Data transmission distance/m
,roughput of laboratory equipment in the process of data transmission/kbit

Methods in reference [8] Methods in reference [9] Method of this paper
50 142 221 342
100 125 212 323
150 111 200 312
200 105 162 300
250 98 154 287
300 96 134 276
350 86 121 265
400 80 112 254
450 77 103 241
500 72 98 234
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consumption of the method in reference [9] is 183TTI, and
the resource consumption of the method in this paper is
37TTI. Under this data volume, the resource consumption of
the algorithm in this paper is reduced by 178TTI and
146TTI, respectively. When the data transmission volume is
500GB, the resource consumption of the method in refer-
ence [8] is 3200TTI, the resource consumption of the
method in reference [9] is 3270TTI, and the resource
consumption of the method in this paper is 900TTI. Under
this data volume, the resource consumption of the method
in this paper is reduced by 2300TTI and 2370TTI, respec-
tively. From the above data, it can be seen that the method in
this paper can improve the resource consumption in the
process of data transmission and optimize the data trans-
mission efficiency of laboratory instruments and equipment.

5.2.3. Data Transmission Efficiency. In order to verify the
effectiveness of this method, the methods of reference [8],
reference [9], and the transmission efficiency of laboratory
equipment under different loads tested by this method are
adopted, and the results are shown in Figure 5.

By analyzing Figure 5, it can be seen that the data
transmission efficiency of laboratory equipment with dif-
ferent loads is different. When the output power is 2W, the
device data transmission efficiency of the method in ref-
erence [8] is 79%, the device data transmission efficiency of
the method in reference [9] is 68%, and the device data
transmission efficiency of the method in this paper is 96%.
Under this output power, the data transmission efficiency of
the algorithm in this paper increases by 17% and 28%, re-
spectively. When the output power is 8W, the device data
transmission efficiency of the method in reference [8] is 81%,
the device data transmission efficiency of the method in
reference [9] is 70%, and the device data transmission ef-
ficiency of the method in this paper is 93%. Under this
output power, the transmission efficiency of the algorithm in
this paper increases by 12% and 23%, respectively. ,e data

transmission efficiency of this paper is always higher than
that of reference [8] and reference [9], and the highest
equipment data transmission efficiency is as high as 99%,
which shows that this method can effectively optimize the
data transmission efficiency of laboratory equipment.

From the above experimental results, it can be seen that
the effect of the algorithm in this paper is better than the two
literature comparison algorithms in terms of transmission
throughput, resource consumption, and transmission effi-
ciency. Moreover, from the resource consumption, it can be
seen that the complexity of the algorithm in this paper is
relatively low, so it consumes less resources.,e complexity of
the algorithm will be verified in detail in subsequent studies.

6. Conclusion

In order to solve the data transmission efficiency optimi-
zation algorithm of laboratory equipment, this paper pro-
poses a data transmission efficiency optimization algorithm
of laboratory equipment based on frequency control. ,e
real-time data transmission model of laboratory instruments
and equipment is constructed. ,e filtering time constant of
laboratory instruments and equipment is selected through
the first-order low-pass filtering control model, and the
filtering time constant range is obtained. ,e objective
function of data transmission efficiency optimization of
laboratory equipment is obtained by using frequency control
to realize the optimization of data transmission efficiency.
When the data transmission distance is 300m, the
throughput of the laboratory equipment is 276 kbit. When
the data transmission is 500GB, the resource consumption
of this method is 900TTI.When the output power is 8W, the
data transmission efficiency of this method is 93%. ,is
method can significantly improve the data transmission
efficiency, improve the resource consumption in the process
of data transmission and optimize the data transmission
efficiency of laboratory equipment.

Data Availability

,ere are no available data for this study.

D
at

a t
ra

ns
m

iss
io

n 
ca

pa
ci

ty
 (T

TI
)

0

500

1000

1500

2000

2500

3000

3500

4000

100 200 300 400 500 600 7000
Data transmission capacity (GB)

Methods in reference [8]
Methods in reference [9]
Method of this paper
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