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Abstract: The of monitoring the Internet of Things (IoT) in the cold chain allows process data,
including packaging data, to be more easily accessible. Proper optimization modelling is the core
driving force towards the green and low-carbon operation of cold chain logistics, laying the necessary
foundation for the development of a data-driven modelling system. Since efficient packaging is
necessary for loss control in the cold chain, its final efficiency during circulation is important for
realizing continuous loss prevention and efficient supply. Thus, it is urgent to determine how to
utilize these continuously acquired data and how to formulate a more accurate packaging efficiency
control methodology in the agri-products cold chain. Through continuous monitoring, we examined
the feasibility of this topic by focusing on the concept of data-driven evaluation modelling and
the dynamic formation mechanism of comprehensive packaging efficiency in cold chain logistics.
The packaging efficiency in the table grape cold chain was used as an example to evaluate the
comprehensive efficiency evaluation index system and data-driven evaluation framework proposed
in this paper. Our results indicate that the established methodology can adapt to the continuity of
comprehensive packaging efficiency, also reflecting the comprehensive efficiency evaluation of the
packaging for different times and distances. Through the evaluation of our results, the differences
and the dynamic processes between different final packaging efficiencies at different moments are
effectively displayed. Thus, the continuous improvement of a low-carbon system in cold chain
logistics could be realized.

Keywords: data-driven; fresh produce cold chain; efficient packages; sustainability; dynamic packag-
ing efficiency evaluation

1. Introduction
1.1. Research Backgrounds

To achieve the long-term goal of “dual-carbon”, the low-carbon cold chain logistics of
fresh agricultural products is the most prominent link when constructing green and low-
carbon circulation systems. Advances in information technology, including IoT, blockchain,
artificial intelligence (AI), big data analytics (BDA), etc., have significantly accelerated
the digitalization of the cold chain. Various data acquisition methods ensure that cold
chain packaging is assimilated into data-driven systems, but the benefits of BDA have not
been fully explored yet [1]. The monitoring of the IoT in cold chain logistics facilitates the
acquisition of cold chain process data, including cold chain packaging, forming new data
sets for the cold chain packaging of fresh agricultural products. This application scenario
has become imperative in promoting the cold chain packaging process, which is useful for
improving its efficiency. While this type of big data application relies heavily on reliable
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data, data-driven systems provide a feasible solution to remedy the defects, as they are
more resilient than traditional data treatments.

With the further development of Internet of Things monitoring technologies for the
cold chain logistics of fresh agricultural products, the requirements for the preservation of
these products continue to increase, and the innovation of cold chain packaging practices for
fresh agricultural products and the evaluation of their efficiency are increasingly attracting
the attention of scholars [2]. Research on comprehensive efficiency evaluation systems for
the cold chain packaging of fresh agricultural products from the data perspective conforms
to current research trends [3], and data collection systems and management information
evaluation systems should also fully adapt to the developmental needs of data quality. With
the development of intelligent packaging for various fresh agricultural products in fresh
food e-commerce [4], the development of the data connection of the cold chain packaging
of fresh agricultural products and the improvements in packaging have been promoted.
From the gradually developed and mature intelligent packaging to research into the types
of packaging that are used for various fresh agricultural products, data applications and
research into analysis methods are necessary [5]. Additionally, emerging technologies and
computer systems for data collection, exchange, management, and analysis are gradually
being adopted by various actors in the logistics and post-logistics phases of the life cycle of
a food package [6]. Therefore, the low-carbon and green development of the cold chain
logistics process is also a data-driven iterative process.

1.2. Literature Review

In this area of research, many scholars have studied continuous loss prevention
and low-carbon systems for agricultural products in cold chain logistics. Since continu-
ous loss prevention is a general demand in current cold chain practices for agricultural
products [7,8], research on the effects of more efficient packaging practices for keeping
agricultural products fresh in cold chain logistics is an inherent requirement of industrial
development [9]. The loss and waste in the supply process directly leads to the loss of
fresh agricultural products in the cold chain. In the final losses of the supply chain, storage
loss accounts for about 15%–20%, of which the distribution of fruits is about 5%–10% [10],
which has a negative impact on resources and the environment [11] and results in more
carbon emissions. Therefore, improving circulation efficiency and reducing losses is an
effective way to reduce carbon emissions.

Many scholars have conducted various forms of impact analysis on the monitoring
of microenvironmental factors of cold chain packaging, especially through the use of gas
sensors for sensing the quality of fruits and vegetables [12]. Due to the microbial spoilage
caused by the time–temperature effect in the process [13] and the loss of physiological
and biochemical reactions that are related to microenvironmental stress, more delicate and
green requirements are proposed for fresh-keeping engineering technology in cold chain
logistics. Many researchers [14,15] have used comprehensive technology [16] in cold chain
practices to solve issues of inefficient supply by optimizing packaging attributes [17], but
the fluctuations in the quality of fresh agricultural products still restrict the ultimate loss
prevention effect. In addition, due to the increasing demands for fresh agricultural products,
the e-commerce logistics of fresh agricultural products has pushed us to seek more efficient,
safe, and environmentally friendly cold chain practices. Therefore, to respond to these
problems in real cold chains, continuous improvements must be made in specific quality
attenuation indicators to reduce losses [18].

In the study of the continuous loss and cold chain packaging materials, some scholars
have evaluated different material characteristics and packaging modes. Appropriate pack-
aging can effectively enhance the effect of cold chain logistics and can further reduce losses
in the cold chain process [19]. Many studies have tried to solve the problem of inefficient
supply from the practical and comprehensive perspective of the cold chain. Efficient cold
chain packaging is the key to protection and value-added processes, such as MAP (modified
atmosphere packaging) [20–22], smart packaging [23–27], active packaging [28], and other
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packaging methods [29–31]. These practices effectively reduce the loss of fresh agricultural
products during the supply process. Efficient cold chain packaging is not only a supplement
to cold chain preservation—it is also considered to be the smallest traceable information
acquisition and visualization unit [32] with continuous monitoring data, which play an
important role in information mining and processing. To realize more sustainable, safer,
and more concise cold chain packaging designs [33] and upgrades [34], it is important to
develop more efficient packaging from the comprehensive perspective of the characteristics
of cold chain packaging materials, the stable environments in the packaging, and the loss of
quality. However, based on these specific data scenarios and data analysis [35], continuous
improvements for effective cold chain packaging are ignored during the development of
these packaging forms.

In terms of the comprehensive evaluation methods that are used for these indicators,
the richness of the data sets and methods that are used by scholars is constantly increas-
ing. However, the general practice of packaging efficiency evaluation is carried out in
laboratory experiments, which are iterative and time-consuming [36]. Related research
mainly focuses on the evaluation of the overall chain [37], but few in-depth introductions
to packaging modes and data scenarios, and no attention to the subtle differences between
packaging methods [38] have been published. Moreover, [39] some have pointed out the
relationship between waste and packaging material selection for the environment, but
from the perspective of material selection [40], environmental protection [41], economy,
and safety [42] have not been evaluated. Similarly, for the loss prevention effect, although
some researchers such as Saraiva et al. [43] have studied loss prevention for packaging
modes, few have succeeded in determining a comprehensive evaluation framework [44].
In addition, the influence of time is ignored during the evaluation of efficiency, especially
when products may be consumed at any time in the real cold chain. In order to obtain a
more detailed efficiency evaluation, we should consider the time characteristics of the pack-
aging efficiency. Therefore, based on the establishment of sufficient data sets and specific
data scenarios in real cold chain, it is necessary to construct a data-driven comprehensive
efficiency evaluation method for cold chain packaging.

In summary, there are clear research gaps that must be addressed in terms of optimiza-
tion, research on which is mostly based on fragmented data and intermittent processes
that are obtained and take place during the actual packaging efficiency evaluation and not
from a dynamic and overall perspective, especially when modeling at the packaging data
level in the actual cold chain. In other words, the dynamic process of obtaining, processing,
modeling, decision-making optimization, and dynamically driven modeling of packaging
efficiency-related data being organized in a system was not reflected in previous research.
Although the advantages of data-based analysis for packaging efficiency in the cold chain
have been highlighted in the previously published literature, there is still a lack of scientific
methodology for data-driven modelling methods for packaging efficiency in the cold chain.
Therefore, there is a need to provide a systematic method that contains examples to support
the ability to leverage big data analytics in the field of packaging efficiency management in
the agri-product cold chain.

We aim to clarify the concepts and the feasibility of data-driven packaging efficacy
assessment using an example that pays attention to the dynamic effects of time difference
for the final packaging efficiency in the real cold chain. The presented research also gives
revelations that the comprehensive efficiency evaluation system for the cold chain packag-
ing of fresh agricultural products could be driven by data, resulting in the comprehensive
efficiency of current cold chain packaging practices being improved. The remainder of the
article is as follows: Section 2 discusses the Materials and Methods, Section 3 presents the
Results and Discussion, and Section 4 presents the Conclusions.
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2. Materials and Methods
2.1. Concept of Data-Driven Packaging Efficiency Evaluation in Cold Chain

From the formation mechanism of the comprehensive efficiency for fresh products
in the cold chain [28], it is clear that the evaluation of the comprehensive efficiency of
the packaging used for fresh agricultural products in the cold chain is not a simple linear
process. In contrast, it is a scientific evaluation process with a clear orientation and system
with strong feasibility and applicability. Based on this, we proposed and constructed the
concept of a data-driven packaging efficiency evaluation method in Figure 1.

Figure 1. Data-driven packaging efficiency evaluation logic diagram in cold chain.

The formation of the final comprehensive efficiency is a process that needs to be contin-
uously analysed according to the dynamic characteristics of the data-driven comprehensive
efficiency evaluation of cold chain packaging. Because it is time-varying, it is necessary
to combine data that have been continuously obtained by monitoring technologies such
as the Internet of Things. Meanwhile, data acquisition takes place at all stages in this data
scenario, there is a necessity to establish a data-driven efficiency evaluation framework to
support the implementation of this kind of system.

Data-driven packaging efficiency evaluation models of fresh agricultural products
packaging refer to these dynamically evaluated data, which are related to packaging
efficiency in the cold chain and have been retrieved through cold chain monitoring via the
Internet of Things or other Internet-of-Things instruments. These data are reorganized to
form a process data set. Through the mining and display of process data, a self-driven data
processing evaluation model can be formed under this specific data scenario. Furthermore,
when fresh agricultural product packaging practices change and when new data scenarios
are generated, this modelling method can facilitate the generation of updated evaluation
index sets and can perform iterative optimization based on these new input data.

2.2. Data-Driven Packaging Efficiency Assessment Framework

In the methodology mentioned above, the data collection process was divided into
three types of data. Specifically, there are three types of data that are primarily involved,
namely the microenvironmental parameters in the packaging itself, the characteristics of the
packaging materials (cost, environmental protection characteristics, etc.), and changes in
nutritional quality, which correspond to U1, U2, and U3, respectively. Then, in line with the
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hierarchy analysis, a data-driven packaging efficiency evaluation framework is established,
which involves a total of nine indicators including U11 for volatility, U12 for effectiveness,
U21 for economic characteristics, U22 for environmental protection characteristics, U23 for
material safety, U31 for weight index, U32 for nutritional quality, U33 for physiological
activity intensity, and U34 for physical quality changes.

Since the existing comprehensive efficiency evaluation models are not time-variant,
this means that they cannot reflect changes over time. Additionally, they also cannot
effectively display the comprehensive efficiency formation process of the cold chain pack-
aging of different fresh agricultural products, let alone the operability of the continuous
improvement of cold chain packaging practices with different times and distances. To
demonstrate the advantages of data-driven modelling in the cold chain combined with the
characteristics of the comprehensive efficiency evaluation index set of fresh agricultural
products in the cold chain packaging process, a data-driven evaluation modelling process
was constructed.

We regarded the entire packaging efficiency evaluation data collection process as a
software subsystem. Then, the data collection points, namely the acquisition of the driving
data sets for evaluation, needed to be set. A simple manual collection point layout is
depicted in Figure 2, which was drawn by the authors and was based on our previous
work [29]. The key data collection points that were used in the cold chain packaging
evaluation process form the data burying points. The monitoring instruments are deployed
and applied to the cold chain environment monitoring process of fresh agricultural products
through the use of limited monitoring points. The overall efficiency of cold chain packaging
is calculated to adapt to the different application scenarios that are in demand, thereby
increasing the feasibility of the system. In the figure, CCP1-CCP6 refer to key control points
1–6, which are critical links that impact the data set. Additionally, the underlined packaging
links are the critical links in the packaging process.

Figure 2. The deployment of data sets for data-driven comprehensive efficiency evaluation.

To verify the final efficiency performance changes and the differences in the different
times and distances the in real cold chain, we calculated the efficiency value of the check-
points in the cold chain. If an agricultural product is consumed at a specific moment in time,
then its final efficiency is the calculation efficiency at this moment. Specifically, the model
sets multiple checkpoints or timings to evaluate the efficiency of cold chain packaging
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through the monitoring of the Internet of Things at fixed time intervals, in which different
sampling points for different times and distances are included. The model is operated to
achieve green and low-carbon cold chain logistics through data sets, thereby achieving the
targeted improvements in different types of cold chain packaging.

2.3. Evaluation Methods

We constructed a data-driven packaging efficiency evaluation method based on the
fuzzy comprehensive evaluation method in Figure 3. The data-driven fuzzy comprehensive
evaluation model is specifically composed of seven steps and decision-making for packag-
ing practice improvements and includes index sets, evaluation sets, the fuzzy relationship
matrix, and the evaluation results. Based on the data-driven packaging efficiency assess-
ment framework, it is easy to effectively construct data-driven comprehensive packaging
efficiency in the cold chain.

Figure 3. Flow chart of data-driven packaging efficiency evaluation method.

Step 1: Determine the comprehensive efficiency evaluation index set.
The evaluation index set contains data set indexes that affect the overall efficiency of

cold chain packaging. Therefore, the index set for the fuzzy comprehensive evaluation of
the comprehensive efficiency in cold chain packaging is:

X = {x1, x2, x3, · · · , xm} (1)

where x1, x2, x3, · · · , xm are n-dimensional column vectors (n ≥ 1) that representing the
collection of indicator values of the m efficiency evaluations in the n fresh agricultural
product cold chain packaging process data set used for comprehensive packaging effi-
ciency evaluation.
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Step 2: Establish a standard fuzzy comprehensive evaluation set.
Combining the characteristics of the cold chain packaging data sets, this paper divides

the corresponding efficiency of fresh agricultural products under different packaging
practices in the real cold chain into five levels. Therefore, suppose the standard fuzzy
comprehensive evaluation set for efficiency of cold chain packaging to be:

V5×m = {v1, v2, v3, · · · , vm}T (2)

where vi is the set of efficiency evaluation grade standards corresponding to the x1, x2, x3, · · · , xm.
Thus, the {v1, v2, v3, · · · , v5}T, respectively, correspond to five different ratings.
Step 3: Establish fuzzy relationship matrix.

To find and match the membership degree of the fuzzy subset corresponding to the
efficiency level of the single index, the corresponding fuzzy relationship matrix R was
established, which is expressed as the following formula:

R5×m =

 r11 · · · r1m
...

. . .
...

rn1 · · · rnm

 (3)

where rnm represents the degree of membership of the index xi obtained under a certain
cold chain packaging practice to the fuzzy index vj.

The calculation method of the single factor of the evaluation index is determined
by the membership function of the fuzzy subset, so a clear analysis of the membership
function is needed. The specific expression is applied when the corresponding efficiency of
a certain index in the cold chain packaging process data is the highest; then, j = 1, and its
membership function is:

yij =


1, Xi ≤ Sij

Aij

(
Xi − Si(j+1)

)
, Sij < Xi < Si(j+1)

0, Xi ≥ Si(j+1)

(4)

where Xi is the measured value of the evaluation index; Sij is the ith evaluation index
corresponding to the jth standard value of efficiency; Si(j+1) is the ith evaluation index

corresponding to the (j + 1)th standard value of efficiency; and Aij is the coefficient. The
calculation equation is as follows:

Aij =
1

Sij − Si(j+1)
(5)

When Xi − Si(j+1) > 0, then Aij has a positive value; when Xi − Si(j+1) < 0, then Aij
has a negative value.

The evaluation index of the cold chain packaging process data set belongs to the jth

efficiency,j = 1, 2, 3, 4. Its membership equation is:

yij =


1, Xi ≤ Si(j−1)

Aij

(
Xi − Si(j−1)

)
, Si(j−1) < Xi < Sij

A′ij
(

Xi − Si(j+1)

)
, Sij ≤ Xi ≤ Si(j+1)

(6)

where Si(j−1) is the ith evaluation index corresponding to the (j− 1)th standard grade
efficiency index, and Aij, A′ij is the coefficient. The calculation equation is as follows:

Aij =
1

Sij − Si(j−1)
; A′ij =

1
Sij − Si(j+1)

(7)
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When the evaluation index in the cold chain packaging process data belongs to the
lowest efficiency level: j = m, its membership function is:

yij =


1, Xi ≥ Sij

Aij

(
Xi − Si(j+1)

)
0, Xi ≤ Si(j+1)

, Si(j+1) < Xi < Sij (8)

where Si(j−1) is the ith evaluation index corresponding to the (j− 1)th level standard value
of efficiency; Si(j+1) is the ith evaluation index corresponding to the jth standard efficiency
value plus the difference between these levels; Aij is the coefficient, and the calculation
equation is as follows:

Aij =
1

Sij − Si(j−1)
(9)

Step 4: Establish the fuzzy weight vector for the evaluation index set.
The weight of the evaluation index indicates the degree of influence of each index

in the evaluation on the overall efficiency of the cold chain packaging process for fresh
agricultural products, and it can be more directly reflected in the evaluation result vector,
which is calculated by the standard weight vector, so the standard fuzzy weight vector A is
expressed by the following equation:

A = {A1, A2, A3, · · · , Am} (10)

where A1, A2, A3, · · · , Am are the standard weight vectors of the elements x1, x2, x3, · · · , xm
in the evaluation index set, and m represents the fresh agricultural products entering
the fuzzy comprehensive evaluation system, representing the number of comprehensive
efficiency evaluation indicators for cold chain packaging.
Step 5: The fuzzy synthesis method calculates the result vectors for fuzzy comprehensive
evaluation.

B̃ = A◦R (11)

Combined with the requirements of the comprehensive efficiency evaluation results of
the fresh agricultural products cold chain packaging process, when there is a fuzzy matrix
in the calculation process A =

(
aij
)

m×n, B =
(
bij
)

n×m, then
(
cij
)

m×n = A◦B represents
the final fuzzy comprehensive evaluation result vector. To form an analysis based on the
evaluation of objective indicators and the efficiency under different influence levels and to
drive the continuous improvement of the overall efficiency of the cold chain packaging of
fresh agricultural products, the weighted average is used as the data-driven improvement
model in this example.
Step 6: Confirmation of the fuzzy evaluation conclusion model and interpretation of the
result vector.

Using the fuzzy comprehensive evaluation result vector method can strengthen the
visualization of the evaluation results and the display effect of the chart, which can be used
for dynamic changes in the display process and can effectively highlight the improved
content that affects the overall efficiency of the process that is used for the cold chain
packaging of fresh agricultural products. The vector B̃ represents the fuzzy comprehensive
evaluation results:

B̃ = (b1, b2, b3, · · · , bm) (12)

Although the principle of maximum membership degree can make the fuzzy compre-
hensive evaluation result vector of efficiency more concise, it also means that the process
performance and the information display of the evaluation index is insufficient due to its
rules, resulting in the information annihilation of the results of the process of dynamic
formation of process data and index differences. The gap between the evaluation results
and the expected state is absent, and the data-driven cold chain packaging of fresh agri-
cultural products cannot be effectively used to improve the overall efficiency. Therefore,
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considering the shortcomings of the maximum membership principle in the results visu-
alization, use 1, 2, 3, · · · , m to represent the rank of each evaluation level in turn, and
then use the weighted average principle and the fuzzy comprehensive evaluation result
vector B̃ to find and thus obtain the relative grade of the overall efficiency of the cold chain
packaging process.

B∗ =
m

∑
j=1

bk
j j/

m

∑
j=1

bk
j (13)

where k is the undetermined coefficient, this paper takes k = 1 or k = 2, and the unde-
termined coefficient is used to control the influence caused by a larger bj. Moreover, the
composite effect of the display can be changed by adjusting the coefficient. When k→ ∞ ,
it is equivalent to the principle of maximum membership.
Step 7: Complete iterative calculations and update results based on the remaining data sets.

Therefore, the final improved fuzzy comprehensive evaluation model contains two
parts, the results are shown by Equations (12) and (13). This combination can not only
display the dynamic change effect based on the evaluation result vector, but it can also
quickly calculate the relative efficiency level of the evaluation.

Based the above six steps, calculations are undertaken after the data set is updated,
especially after the monitoring data retrieved by Internet of Things is retrieved. Every time
it is calculated, the packaging efficiency results are updated and determine whether the
agro-products were consumed at this time. If they have been consumed, then the efficiency
value at this time is the equivalent value of the packaging efficiency in the real cold chain.
Additionally, this prompts us to seek better packaging efficiencies from the corresponding
index at the current moment, namely the specific time–distance.

2.4. Experimental Scheme and Data Acquisition

To effectively verify the corresponding application scenarios and data sets in the
data-driven comprehensive efficiency evaluation method, the efficiencies of table grapes
with different packaging technologies in the actual cold chain were taken as the evaluation
objects. The specifications and characteristics of the key packaging materials required in
the process were analysed through on-site investigations, which served as the application
scenarios and reference cold chains. There are three specific packaging materials forms that
are listed in Table 1, which represent separate control groups, C1, C2, and C3, that were
considered during the efficiency evaluations that were conducted in this article.

Table 1. The program for data-driven packaging efficiency evaluation in the cold chain.

No. Primary Packaging Key Packaging Materials Secondary Packaging Varieties

C1 Composite Sulfur-containing preservative CT2 PE preservative film 0.03 mm 3# Styrofoam box table grapes
C2 MAP preservative film a - 3# Styrofoam box table grapes
C3 Ordinary PVC preservative film - 3# Styrofoam box table grapes

Note: MAP, modified atmosphere packaging; a preservative film (PE, 50 um, customized by the company).

Figure 4 depicts that processes that take place after the grapes are harvested and
when they are under chain conditions: classification, packaging, operation, pre-treatment,
refrigeration, cold chain transportation, and sale. As a cold chain package with a long
storage period, continuous measurement and evaluation indicators are used to demonstrate
the procedural and dynamic nature of the overall efficiency of typical cold chain packaging
for table grapes. In addition, packaging practices are in accordance with the specific
requirements of the supply operator.
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Figure 4. Typical packaging process for table grape cold chain considered in this article.

In this example, three different storage materials were measured during the storage pe-
riod at regular intervals and were obtained from seven measurement periods. Over the first
0–3 months, we measured the quality parameters t a fixed time interval (15 days because
the change in quality parameters is sufficiently obvious) to complete data set acquisition.
We used CP (check point) to represent the seven measurement time points, specifically
timing. Meanwhile, we evaluated the efficiency, which was determined according to the
efficiency calculations for the different orders during different transportation times while
the grapes were in actual transportation.

We used MATLAB (R2018a) as data treatment and analysis tool. As described in
Section 2.2, the acquisition and calculation of the first five indicators are the same as those
described in our previous work [28] (it can be said that this article is an extension version).
Additionally, the last four indicators were modified to the quality-related index. These
contents were retrieved using conventional methods via instruments, namely the weight
change, nutritional quality, physiological activity intensity, and physical quality changes.
Then, the calculated value was used to test and verify the data-driven packaging efficiency
method mentioned above.

3. Results and Discussion
3.1. Statistical Analysis on Key Indexes of the Packaging Efficiency

The fluctuations of the microenvironment in the packaging of fresh table grapes
at different times under three different packaging practices (C1, C2, C3) are shown in
Figure 5. U11 and U12 show irregular fluctuations with time. Overall, microenvironmental
parameters of U11 change greatly, indicating that as the data continue to enter the evaluation
system, the process gradually stabilizes. Few changes are noted for U12, which proves that
the three different cold chain packaging materials can better ensure the preservation period
under refrigeration. Additionally, it better reduces the environmental abuse that the table
grapes may experience, thereby helping to extend the shelf life.

Figure 5. The impacts of microenvironment-related indicators. (a) Changes in microenvironmental
volatility U11 over time; (b) The microenvironment in the package changes with U12 over time.

In terms of the economic characteristics of the materials, different cold chain packaging
practices have obvious differences, as shown in Figure 6. Among them, C3 has the best
economics and C1 has the worst economics. Because the same packaging materials are
used in one packaging practice, it does not change over time. In terms of U21, there
are no obvious differences between the three different cold chain packaging practices.
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The environmental protection characteristics of C3 are the best, and the environmental
protection characteristics of C1 are the worst. In terms of material safety, the three types of
cold chain packaging have certain safety risks in the use of materials, but the differences
are not obvious.

Figure 6. The influence of the relevant indicators of packaging materials. (a) Changes in the eco-
nomic characteristics of packaging materials U21 over time; (b) changes in environmental protection
characteristics of packaging materials U22 over time; (c) changes in the safety of packaging materials
U23 over time.

Under three cold-chain packaging practices, as in Figure 7, the evaluation indexes of
weight quality U31 and physical quality change U34 gradually increased. The nutritional
quality U32 and physiological activity intensity U33 reduced correspondingly, which is
consistent with the definition of the index setting. The three cold chain packaging practices
have similar trends in terms of their overall differences, but there are also differences.
Under the indicators established in this article, C3 has the most obvious inhibitory effect on
nutritional quality and sensory quality, while C1 has the most significant inhibitory effect
on the weight quality U31 and the physiological activity U33.

Figure 7. The influence of the related indexes of fresh agricultural product quality. (a) Changes in
weight quality index U31 over time; (b) changes in the nutritional quality index of U32 over time; (c)
changes in the physiological activity index of U33 over time; (d) changes in the physical properties
index of U34 over time.
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For data monitoring to be possible in the data-driven process, it is necessary to enhance
the capabilities of the model to obtain prices and other information. Follow-up research
and the implementation of a data-driven packaging efficiency evaluation system should
use crawler technology to automate the acquisition of data from specific websites to better
realize data-driven modelling when building intelligent systems.

3.2. Fuzzy Comprehensive Evaluation on the Comprehensive Efficiency

According to the relevant methods from Section 2, the data sets, as shown in Section 3.1,
are formed after normalization combined with the nine indicators of the packaging efficiency
evaluation framework. Combined with the data from the three control packaging practices
involved in this article, a 3× 9 evaluation index matrix was formed.

Additionally, the corresponding indicators in the data obtained by the method de-
scribed in this article can then be used to construct a specific evaluation index matrix,
namely the standard values of the fuzzy comprehensive evaluation set, as shown in Table 2.
Considering the distribution characteristics of the acquired cold chain packaging data set
and the actual demand for the continuous improvement of cold chain packaging, which
is based on Equation (2), the evaluation index classification is determined. This is then
used to determine the standard set of the fuzzy evaluation set according to the range and
experience of the above-mentioned input indicators.

Table 2. The standard values of fuzzy comprehensive evaluation set for packaging grades.

Rating U11 U12 U21 U22 U23 U31 U32 U33 U34

I 1 0.4 0.9 0.20 1 0.5 0.5 0.5 1
II 0.875 0.45 0.85 0.15 0.975 0.6 0.6 0.6 0.9
III 0.75 0.5 0.8 0.10 0.95 0.7 0.7 0.7 0.8
IV 0.625 0.55 0.75 0.05 0.925 0.8 0.8 0.8 0.7
V 0.5 0.6 0.7 0 0.9 0.9 0.9 0.9 0.6

After that, we determined the membership evaluation set of the evaluation result
vector based on the principle of the maximum membership degree. Additionally, we
calculated the B* value based on Equation (13), as shown in Table 3. Through multiple
calculations, the changes in the overall efficiency of the cold chain packaging of different
fresh agricultural products are present, which provide a basis for the continuous control of
the cold chain packaging of fresh agricultural products.

Table 3. Fuzzy comprehensive evaluation of different cold chain packaging.

No.
Timing1 Timing2 Timing3 Timing4 Timing5 Timing6 Timing7

Rating B∗ Rating B∗ Rating B∗ Rating B∗ Rating B∗ Rating B∗ Rating B∗

C1 I 2.3180 II 2.0201 II 2.6172 II 2.6823 IV 3.0023 IV 3.0646 IV 3.0825
C2 I 2.3324 II 2.5789 II 2.8383 III 2.8037 IV 2.9666 IV 3.0082 II 2.9294
C3 II 1.9136 II 2.5789 II 2.3335 II 2.8157 V 2.9933 II 2.9690 III 2.8628

The results show that the calculated overall efficiency of C3 is relatively better most of
the time. In Table 3, the data-driven evaluation results reveal that the fuzzy comprehensive
evaluation results of the cold chain packaging of C3 are better than C2 and C1 in terms of
overall packaging efficiency. Although there are influences on data-processing in different
packaging practices, they have been eliminated through data-driven modelling over a
relatively long period.

Therefore, from the perspective of time, the order of the overall packaging efficiency
of the cold chain packaging of fresh agricultural products is C3 > C2 > C1. At the same
time, from different packaging efficiency check points (different evaluation timings), there
are also differences in the packaging efficiency, even when the same packaging practices
are used, which provides a richer time section. The possibility of being able to continuously
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evaluate the improvements in packaging efficiency for instant consumption is available.
This is the significance of the data-driven packaging efficiency evaluation proposed in
this article.

3.3. Evaluation Result Analysis

Through the calculation of each check point in the formation process before the final
value of the packaging efficiency, we found that the calculated efficiency value differs.
Specifically, the data-driven effect of U11 and U12 was determined to be different by
monitoring the data from the IoT. Different packaging practices also have similar trends
at different evaluation times. This suggests that we need to pay more attention to the
efficiency of every time point when determining the final efficiency. In this article, we
performed seven measurements to mimic and provide detailed content for the continuous
improvement of packaging. Specifically, when different cold chain packaging processes
have different times distances due to the logistics distance, these subtle differences will
have positive effects.

The weight of the evaluation index shows the micro-environmental fluctuations,
material prices, and changes in nutrients in the data for the efficiency evaluation in Figure 8,
which represents the importance of their effect on agricultural product packaging. The
standard weight value of the appearance performance and weight index is relatively
small, indicating that the index changes during the agricultural product packaging process
efficiency in the cold chain of fresh agricultural products are relatively small, reflecting that
the appearance performance and weight index have little effect on efficiency, and reflecting
that packaging practices can effectively reduce these two indicators.

Figure 8. Index weight value change during data-driven packaging efficiency evaluation modelling.

The comprehensive evaluation results show that the final overall efficiency of C3
is the best after seven time evaluations. In the complete cold chain process, the fuzzy
comprehensive evaluation results of the comprehensive efficiency of fresh agricultural
product cold chain packaging show that the packaging efficiency of C3 is better than that
of C2 and C1.

Driven by data sets such as the sensing data, the results of the evaluation become
more stable and more adequate. In addition, the results reflect that whether the customized
packaging efficiency requirements of order logistics are guaranteed to reach the corre-
sponding packaging efficiency at the seventh measurement. In facts, the requirements
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are met at the fourth time point or earlier. Because of this, the corresponding packaging
materials can be processed with appropriately downgraded adjustments. Meanwhile, these
data-driven dynamic evaluation values also provide a basis for solving specific packaging
efficiency problems.

3.4. Discussion

This method is suitable for the evaluation of the packaging efficiency of fresh agri-
cultural products via process data sets, which can solve the increasing data volume in the
evaluation process. Based on dynamically acquired and continuously enriched process
data sets, this method effectively adapts to the complex dynamic process that is used to
determine the comprehensive efficiency of cold chain packaging. The continuous driving
of the monitoring data enhances the automation and intelligence of the data-driven process,
ensuring that the efficiency evaluation is more realistic and complete.

The packaging efficiency of cold chain packaging practices under data-driven mod-
elling show dynamic changes of the cold chain process over time. Dynamic assessment
and analysis of demand provide data support and improve the accuracy and effectiveness
of the model. The model effectively integrates data processing methods, data-driven logic,
and fuzzy comprehensive evaluation methods to achieve a comprehensive evaluation of
the packaging efficiency of typical cold chain packaging practices for fresh agricultural
products. This inspired us to visualize these changes more intuitively and to examine the
practices that are related to the practices of cold chain packaging fresh agricultural products
from the perspective of complete process control. Moreover, this work also inspired us to
continue to improve cold chain packaging through the use of more process data by building
a fresh agricultural product cold chain packaging evaluation system.

The conversion of the typical steps of the above evaluation method can realize a
comprehensive evaluation of the comprehensive efficiency of fresh produce cold chain
packaging. After adaptively determining the standard weights, the improved fuzzy com-
prehensive evaluation model can adapt to the data scenario constituted by the complex
dynamic processes that are implemented during cold chain packaging practices for fresh
agricultural products. It also meets the needs of rapid and continuous optimization in
cold chain packaging. Moreover, the evaluation model has a certain degree of adaptability
and intelligence, displaying dynamic evaluation results of different indicators for different
fresh agricultural products during the calculation process. The vectors perform further
information extraction, thereby effectively using this information to drive the continuous
improvement of corresponding indictors in order to improve the overall efficiencies of
different fresh agricultural products.

The evaluation results provide a quantitative basis for the evaluation and selection of
cold chain packaging practices for fresh agricultural products. According to the weight
analysis between the different efficiency indices, the presented model clarifies the driving
effect of different indicators in the packaging efficiency of specific fresh agricultural prod-
ucts. Additionally, it indicates that the evaluation results can be used for the evaluation,
selection, and development of fresh agricultural products by researchers and cold chain
logistics companies via providing a basis for scientific decision-making. The multi-index
fuzzy comprehensive evaluation model is conducive to characterizing the influence of
different factors on the efficiency of these cold chain packaging processes, completing the
data-driven modelling and overcoming the shortcomings of short-time evaluation.

4. Conclusions

The feasibility of the dynamic evaluation for the packaging of fresh agricultural
products in cold chain processes was verified. The comprehensive efficiency of different
cold chain packaging processes was dynamically displayed to reflect the actual situation
with different times and distances (time intervals). It provides a methodological basis for
researchers and cold chain practitioners to make better decisions that can be implemented
to continually improve packaging efficiency. A data-driven modelling methodology was
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constructed that realized the dynamic evaluation and continuous improvement of the
overall efficiency of packaging processes with different data iterations. The data-driven
model is highly systematic and can adaptively adjust weights and solve the problem of
fuzzy quantification in multi-dimensional data processes in the cold chain. It provides and
effective a way to solve the inadaptability of traditional methods with the big data scenarios
in the real cold chain. Additionally, this model improves our ability to continuously
optimize the packaging efficiencies in dynamic processes.

The data-driven comprehensive evaluation model also displays the evaluation results
in multiple dimensions, which is more conducive to identifying the weak aspects in the
formation of effective comprehensive efficiency. An obvious advantage is that the model
characterizes the overall efficiency of cold chain packaging under different packaging
practices during the whole process. It not only outputs a relatively definite dynamic
evaluation result, but it also extracts further information to improve the efficiency through
iterative calculations, which effectively solves the problem of efficiency differences within
different times and distances.

Data-driven modelling ensures that this process has a self-driving ability with better
weighting throughout the continuous growing data sets, which effectively improves the self-
adaptability of the data-driven process in complex contexts. Through the multi-dimensional
display of the results in the improved fuzzy comprehensive evaluation model, the analysis
of the comprehensive efficiency evaluation with various process data in multiple scenarios
are realized. The dynamic formation of packaging efficiency can solve the problems that
are related to evaluating the sustainability of cold-chain packaging efficiencies while also
attempting to continuously improve the efficiency, enhancing the analysis of processes and
scenarios at different times and distances.

However, this article also has several shortcomings. In fiture research, we will try
to verify this modelling methodology in more cold chains with bigger volume data sets.
Additionally, the system needs to be further developed, and the effectiveness of the system
needs to be discussed in terms of how to improve specific packaging design.
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