
DOI: 10.4018/IJISSCM.318644

International Journal of Information Systems and Supply Chain Management
Volume 16 • Issue 1 

This article published as an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and production in any medium,

provided the author of the original work and original publication source are properly credited.

*Corresponding Author

1

Application of a Cold-Chain 
Logistics Distribution System 
Based on Cloud Computing and 
Web Delivery Date Management
Fei Tang, Henan Polytechnic Institute, China*

ABSTRACT

The cold chain maintains and transports fresh food in the correct temperature range for slow biological 
decay processes and delivers safe, high-quality food to customers. Ensuring that quality and efficiency 
are not affected by the supply chain of cold chain products is a goal. Therefore, this paper proposes the 
intelligent time scheduling management model (ITSMM) based on cloud computing and a web-based 
platform for cold-chain logistics and distribution systems. This paper establishes a time scheduling 
model to reduce the overall order operation cost, diminish the variance among the expected and actual 
time of finalizing the service orders, and improve useful logistics service providers’ satisfaction. Data, 
including all cold chain phases (distributors, industry, consumers, and retailers), have been gathered. 
This paper examines the distribution cost and time refrigerated vehicles, thus instituting a cold chain 
distribution vehicle path optimization.
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INTRODUCTION

The size of the cold chain logistics has recently been shown to grow at a rapid rate of approximately 
15 percent each year.The main issue faced by these systems is carbon emission during transportation. 
The carbon emission due to transportation amounts to around 14% of total carbon emissions. 
Hence, systems that minimise carbon emission are a major task in cold chain logistics (Liu et al., 
2020). Fresh food cannot be transported at room temperature. During transportation, they must be 
maintained at a suitable low temperature so that the food remains in its original state. Thus,the cold 
chain logistics system maintains an appropriate temperature for food materials like ice cream, fresh 
fruits, pharmaceutical medicines,etc. (Chen, 2020).

These cold chain logistic systems employ various sectors like warehouses, transportation units, 
repacking units, transportation units etc (Poornima, 2020). Food safety is a crucial task, especially 
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in the case of medicines. The required low temperature is not maintained; the medicines may lose 
their quality, leading to serious disasters (Chen et al., 2020). Besides, dairy products such as milk 
may easily lose their original form when the temperature gets high. To enable the customers to get 
complete satisfaction, the warehouses and the transportation units must be equipped with suitable 
freezing units. With the rapid increase in internet technologies usage, all these units are equipped 
with IoT units (Wang et al., 2020).

These units are used for the collection of real-time data. It helps in the identification of a suitable 
path to reach the customers (Poornima & Arulselvi, 2020). The identification of the path is done based 
on the monitoring of traffic. It helps the transportation units to reach the customers on time (Qi and 
Hu, 2020). Big data analytics and cloud computing technologies are popularly integrated with the cold 
chain logistics systems to enable the products’ fast delivery. The dynamic information such as the travel 
route, the current storage status, vehicle details is constantly updated in the cloud (Song et al., 2020).

Itenables customers to monitor their status through smart devices.The establishment of the path 
with minimum cost is done through various optimization algorithms (Arulselvi & Poornima, 2020). 
Genetic algorithms are widely employed for solving the optimization problem. Minimization of usage 
of network bandwidth is another important criterion in cold chain logistics (Wang & Wen, 2020). 
Besides, improvement of quality of service is another major objective. The customer satisfaction 
index, reduction in carbon emissions, the establishment of the shortest path, minimization of storage 
levels, decreasing the latency of computation are other factors that determine the efficiency of the 
cold chain logistic systems (Peng et al., 2020).

It has been found through a survey that, among various food products being transported, around 
40% of the products required refrigeration facilities during transportation (Joshua Jeyasekar et al., 
2019). Furthermore, these refrigeration units consume approximately 53% of the power supply. Thus 
minimization of power supply requirements is a major task (Dai et al., 2020). Vehicle route problem 
(VRP) is the technique employed in optimising the route used for the transportation of these products. 
It has two main objectives. The first objective is the minimization of transportation cost. Here the 
second objective is the minimization of transportation distance (Hu et al., 2020).

Based on the introduction on cold chain logistics, a new delivery schedule management scheme 
is proposed in this research.

The contributions of the paper are followed as

•	 A novel model called Intelligent Time Scheduling Management Model (ITSMM) based on cloud 
computing is proposed.

•	 The components of cold chain logistics are discussed.
•	 The delivery schedule management for cold chain logistics is analyzed.
•	 The proposed ITSMM model is compared with standard algorithms like Dijkstra’s algorithm (DKST), 

the shortest remaining time first algorithm (SRTF), and the shortest seek time first algorithm (SKTF).

The remainder of the study is followed as section 1, and section 2 discussed the introduction 
and existing chain logistics models. In section 3, Intelligent Time Scheduling Management Model 
(ITSMM) has been suggested. The numerical results were carried out in section 4. The research 
article ends in section 5.

RELATED WORK

Qin et al., (2020) have presented a technique for solving the vehicle routing optimization problem. This 
scheme is proposed based on the carbon trading mechanism. The carbon trading mechanism was opted 
to reduce the carbon emission cost. Further, the other objective was to improve the satisfaction rate of 
the customers. Zhang et al., (2019) have utilized the ant colony optimization algorithm for the cold 
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chain logistics framework. This paper introduced the ribonucleic acid technique for the optimization 
of cost. The objective was to create an economy with low carbon content. The optimization function 
was framed such that the low-temperature transportation was enhanced.

Kuo et al., (2010) have introduced a new technique based on the joint distribution system for 
cold chain logistics. This technique used temperature control units to ensure the quality of the food 
products transported.The objectives were to establish timely deliveries at minimal cost and minimal 
carbon emissions. Wei et al., (2019) have proposed a system for transporting agricultural products 
using a cold chain. The IoT framework was integrated with the cold chain systems to establish real-time 
tracking of information. To ensure the freshness of the agricultural products, real-time supervision 
was done using cloud computing techniques.

Li et al., (2019) has utilized the particle swarm optimization technique to identifyan optimal 
path. A new model called the green vehicle routing model was proposed. The objectives of this model 
included cost minimization, freshness assurance and lesser penalty cost. The mathematical model was 
designed to support routing problems. Li et al., (2019) has introduced a context-aware framework for 
the cold chain distribution. It involves the risk management system for the computation of logistics 
distribution. The traceability of cargo load is done using the internet of things framework. These 
IoT devices capture the data and transmit them to the cloud unit. Liao et al., (2019) has proposed 
a new optimization model, considering the constraint of carbon emission. The economic cost and 
transportation cost was minimized in this framework. Hard time window was employed for the 
optimization of distribution cost.

Qiao et al., (2019) has used modern biotechnology for agricultural products of china were used for 
the analysis. The temperature and damage cost was evaluated and optimized using biotechnology. Bai 
et al., (2019) have implemented nanotechnology to store fresh food in cold chain logistics. Chemical 
coolants were used in the preservation of food materials. The transportation was done using ice 
bag controllers. Wei et al., (2019) presented a scheme for the cold chain distribution of agricultural 
products. Different distribution models were analysed and evaluated for the selection of the best mode 
using cloud computing techniques.

Li et al., (2021) The cold chain articles are tracked in real time by using the Internet of Things and 
the data are recorded and realised using the GPS system. WSM is implemented with the integration 
of FPGA Xilinx software wireless controller. The scaling impact under integer optimization and 
the total economic advantages of transport continue to maximise the evidence of trunk transit on 
goods passing through the button point. A special reference is provided by the cold chain logistics 
in the transportation decision makers’ network design. It is supposed to be based on the suggested 
architecture of PDTT and an improved IoT data model.

Xiong, H et al., (2021) The standard optimization strategy takes a great deal of time to search 
for the world-leading way to locate it, leading to greater distribution costs and reduced efficiency. 
A cold logistics distribution path optimization method has been created to handle the above listed 
challenges based on an improved ant-colonies optimization algorithm (IACO). Specially, the unified 
IACO may have additional restrictions, such as the factor of transport time, the factor of transport 
cooling and the factor of mean road patency.

Based on the above research, a time scheduling model has been developed to reduce the overall 
order operation cost and improve customer satisfaction.

PROPOSED METHODOLOGY

Components of Cold Chain Logistics
The second component is cold storage utilised between the shipping process for food storage systems. 
There must be no leaking in the food packaging and the low temperature must be maintained constantly. 
An intelligent transport system is employed to construct a path between the manufacturer and the 
customer with the shortest distance and the shortest time.
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Cold chain logistics systems frequently blend big data modelling and cloud computing technology 
to facilitate quick supplies of items. The cloud continually updates dynamic information, such journey 
route, current storage status, vehicle specifics.

This framework involves the integration of a supply chain with the temperature control unit. It 
is used for the safe transportation of products that needs low temperature for preservation.

Figure 1 illustrates the components of cold chain logistics. The first component is freshness 
management. This unit is responsible for maintaining the freshness of the food being transported. 
It is crucial, especially in the case of pharmaceutical medicines. Here the second component is 
cold storage. The food is stored using cold storage systems between the transportation process. It 
is becausethe distance between the manufacturer, and the customer is large. The package is another 
important component. The food package must be done such that there is no leakage, and the low 
temperature is maintained at a constant level. An intelligent transport system is used for establishing 
the path with the shortest distance and shortest time between the manufacturer and the customer. 
Warehouses are used for the temporary storage of food commodities. Refrigerated vehicles are used 
to ensure the freshness of food during travel. It is important, especially in the case of commodities 
like ice cream, medicines, etc.

The low temperature necessary here is well maintained, as well as medicine that might improves 
its quality, resulting in optimized outcomes. The warehouses and the transportation units should be 
supplied with appropriate freezing equipment to enable consumers to be completely satisfied. The 
second component is cold storage utilised between the shipping process for food storage systems. There 
must be no leaking in the food packaging and the low temperature must be maintained constantly. 
An intelligent transport system is employed to construct a path between the manufacturer and the 
customer with the shortest distance and the shortest time.

Cold Chain Logistics Distribution System
The cold chain logistics distribution system comprises two main levels. These two levels split the 
entire transport system into two sectors.

Figure 1. Cold Chain Logistics Components
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Figure 2 shows the model of the cold chain logistics distribution system.Therefore this system 
involves the manufacturer, level-1 transport, storage, level-2 transport and the customer unit.The 
level-1 sector comprises the manufacturer, level-1 transport and storage. Here in this unit involves 
the transfer of data from the manufacturing industry to the temporary storage unit. The second sector 
comprises the storage unit, level-2 transport and the customer unit.

Delivery Schedule Management for Cold Chain Logistics
The deliver schedule management system for cold chain logistics is used to find the best route between 
the manufacturer and the customer using suitable software tools.

Figure 3 illustrates the model of deliveringa schedule management system. In this model, find 
multiple paths between the manufacturer and the delivery sector. Thus, the management system is 
used for computing the path that has the minimum latency and length. From Figure 3 infer that there 
are multiple transport routes to reach the warehouse. Thus from the warehouse, the food is given to 
the repacking unit. From the repacking unit, the food is transferred to the distributed. Finally, the food 
reaches a specific destination, including hospitals, direct customers, pharmacy, shops, etc.

Figure 2. Distribution System Model

Figure 3. Schedule Management System Model
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•	 The new ITSMM, which is based on cloud computing, is suggested in which the cold chain 
logistics components will be covered.

•	 An analysis of the delivery timetable for the logistics of the cold chain.

Proposed Intelligent Time Scheduling Management Model (ITSMM)
The intelligent schedule management model is the software algorithm used for the computation of 
path with the shortest length and time. It is very important to maintain the freshness of the food and 
to deliver the food on time. The variance between the expected and the actual time can be minimized 
using this ITSMM algorithm.

Figure 4 shows the proposed intelligent schedule management model. This model comprises 
multiple paths for the food to reach the customer from the manufacturer. The entire model has linked 
with the Internet of Things (IoT) framework using the cloud module. The whole path is given to the 
cloud. Using cloud computing, the shortest distance is computed based on real-time traffic data. The 
cloud computes and identifies the ideal path and provides an output using the proposed algorithm. 
Based on the computed path, the food is transported.

Intelligent Time Scheduling Management (ITSM) algorithm is done based on various input 
parameters. These include a list of paths P p i N j M
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,
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As inferred from equation (1) TC i j,( )  refers to the transportation cost, i and j are the route 
along x and y direction, c
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i j,
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Figure 4. Intelligent Schedule Management Model
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As defined from equation (4) FC i j,( )  is the food processing cost p
i j,

 is the path indicator, l
i j,
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The cloud computing cost is given by
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As shown from the above equation (5) CC i j,( )  is the cloud computing cost, PC  indicates the 
penalty cost, s

i j,
 is the satisfaction level, FC  is the food processing cost, p

i j,
 is the path indicator, 

PC s
i j

-
, 2
2  is the l2 norm of the difference between the penalty cost and the satisfaction level and 
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i j

-
, 2
2  is the l2 norm of the difference between the food processing cost and the path indicator.

The repackaging cost is calculated using
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RC i j,( )  denotes the repackaging cost, CC  is the cloud computing cost, p
i j,

 is the path indicator, 
c
i j,

 is the cost metric, FC  is the food processing cost, PC  indicates the penalty cost and EC  is 
the vehicle’s energy cost.

The path selection cost is given as
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As described from the above equation (7) PS i j,( )  is the path selection cost d
i j,
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metric, t
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The distance metric is computed as
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As explored in equation (8) DM i j,( )  is the distance metric s
i j,

 is the satisfaction level, l
i j,
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The latency metric is given by
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As denoted in equation (9) LM i j,( )  is the latency metric, PS i j,( )  is the path selection cost, 
DM i j,( )  is the distance metric, FC i j,( )  is the food processing cost and CC i j,( )  is the cloud 
computing cost.

Finally, the ITSM metric is computed as

ITSM
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As each state observation in equation (10) TC i j,( )  refers to the transportation cost, EC i j,( )  
is the energy cost of vehicles, PC i j,( )  indicates the penalty cost, FC i j,( )  is the food processing 
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cost, CC i j,( )  is the cloud computing cost, RC i j,( )  denotes the repackaging cost and LM i j,( )  
is the latency metric and PS i j,( )  is the path selection cost.

The path diagram for the proposed ITSM derivation is shown in Figure 5.
Figure 5 shows the path diagram of the proposed CCDI computation. This figure TC i j,( )  refers 

to the transportation cost, EC i j,( )  is the energy cost of vehicles, PC i j,( )  indicates the penalty 
cost, FC i j,( )  is the food processing cost, CC i j,( )  is the cloud computing cost, RC i j,( )  denotes 
the repackaging cost, LM i j,( )  is the latency metric and PS i j,( )  is the path selection cost.

Advantages of the Proposed Scheme
The proposed scheme’s main advantage is reducing the difference between the actual and the expected 
time. The second advantage is service provider satisfaction. The third main advantage is the increase 
in the effectiveness of enterprise management.

RESULTS AND DISCUSSION

The proposed ITSMM model’s numerical results have been executed based on the metrics Performance 
Analysis, cost efficiency,low operational cost factor, minimum time variance, and overall performance.

Performance Analysis
For quantitative evaluation metrics like operational cost factor, time variance factor, service provider 
satisfaction rate, distribution cost efficiency, product stability rate, intelligent storage index, cold chain 

Figure 5. CCDI Computation Path Diagram
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index, transport integrity factor and conditional demand rate. Comparison of the proposed ITSMM 
model is done using standard algorithms like Dijkstra’s algorithm (DKST), shortest remaining time 
first algorithm (SRTF), and the shortest seek time first algorithm (SKTF). The analysis is done for 
the cold logistics transport of ten different products.

Table 1 shows acomparison of the operational cost factor. It refers to the total operating cost 
involved in the cold chain logistics model. The average cost factor for Dijkstra’s algorithm is found 
to be 0.551, the average cost for the shortest remaining time first algorithm is computed as 0.563, 
and the average cost for the shortest seek time first algorithm is found to be 0.502. However, the 
proposed ITSMM scheme achieves a minimum cost of 0.159. Thus, the proposed ITSMM scheme’s 
cost is the least due to identifyinga minimum latency path.

Table 2 shows a comparison of the time variance factor. This factor refers to the difference between 
the variance between the expected and the actual time. The SSTF scheme attains the maximum time 
variance of 0.615. Therefore DKST attained the next lowest time variance with a value of 0.558. SRTF 

Table 1. Comparison of the Operational Cost Factor

Product

The overall operational cost factor

DKST SRTF SSTF ITSMM

1 0.6 0.67 0.51 0.16

2 0.41 0.47 0.45 0.18

3 0.49 0.59 0.38 0.15

4 0.59 0.35 0.39 0.12

5 0.42 0.76 0.51 0.18

6 0.44 0.74 0.34 0.11

7 0.61 0.71 0.6 0.12

8 0.43 0.43 0.54 0.21

9 0.72 0.6 0.65 0.23

10 0.8 0.31 0.65 0.13

Table 2. Comparison of time variance factor

Product

Time variance factor

DKST SRTF SSTF ITSMM

1 0.62 0.57 0.52 0.21

2 0.31 0.46 0.56 0.26

3 0.33 0.35 0.53 0.36

4 0.46 0.61 0.74 0.18

5 0.57 0.69 0.56 0.11

6 0.63 0.51 0.78 0.09

7 0.5 0.34 0.62 0.06

8 0.71 0.43 0.78 0.18

9 0.66 0.37 0.42 0.12

10 0.79 0.44 0.64 0.17
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attains a time variance of 0.477. The proposed ITSMM achieves a time variance of 0.174. Thus, the 
difference between the expected and actual time variance is minimum for the proposed scheme due 
to the traffic data’s real-time tracking.

Table 3 shows the comparison of service provider satisfaction rate. The proposed ITSMM 
scheme has an average satisfaction rate of 87.85%. However, other schemes like Dijkstra’s algorithm, 
the shortest remaining time first algorithm and the shortest seek time first algorithm attain a low 
satisfaction rate of 51.92%, 55.69% and 57.11%, respectively. In this way, the satisfaction of the 
service provider is maximum for the proposed scheme.

Table 4 shows a comparison of distribution cost efficiency. It refers to the total efficiency in the 
cost distribution in the cold chain. The mean distribution cost efficiency for Dijkstra’s algorithm is 
found to be 57.62%; the mean distribution cost efficiency for the shortest remaining time first algorithm 
is computed as 56.95%.And the mean distribution cost efficiency for the shortest seeksto time the 
first algorithm is 54.27%. However, the proposed ITSMM scheme achieves a mean distribution cost 

Table 3. Comparison of service provider satisfaction rate (%)

Product

Service provider satisfaction rate (%)

DKST SRTF SSTF ITSMM

1 44.83 54.43 63.96 98.6

2 45.94 58.93 49.77 93.54

3 51.21 41.86 48.37 89.51

4 55.39 52.94 79.4 88.95

5 34.27 78.16 31.88 81.13

6 43.12 57.34 74.26 92.96

7 70.05 56.06 75.67 80.8

8 31.46 41.58 69.81 81.35

9 76.45 54.44 34.93 89.91

10 66.52 61.2 43.09 81.83

Table 4. Comparison of distribution cost efficiency (%)

Product

Distribution cost efficiency (%)

DKST SRTF SSTF ITSMM

1 46.77 74.55 60.88 95.55

2 63.99 46.71 72.98 95.54

3 36.82 64.94 70.28 93.73

4 66.06 39.89 58.84 82.84

5 35.33 31.52 39.14 92.53

6 62.69 67.21 41.99 89.85

7 54.71 55 74.33 98.49

8 68.96 54 31.43 92.33

9 65.75 75.24 54.49 95.21

10 75.19 60.49 38.39 88.62
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efficiency of 92.46%. Therefore, the mean distribution cost efficiency for the proposed ITSMM 
scheme is the best due to penalty cost.

Figure 6 shows the variation of product stability rate; the product stability rate gives the product’s 
stability during the transport. DKST attains an average product stability rate of 55.3%.SRTF achieves 
a rate of 54.8%. Similarly, SSTF reaches a rate of 60.9%. However, the proposed ITSMM attains the 
highest stability rate of 87.6%. Thus, the products’ stability in maximum with the proposed scheme 
since the food processing cost is added to the ITSM computation.

Figure 7 shows the variation of the intelligent storage index. Since the proposed scheme uses an 
intelligent storage system during its products, its intelligent storage index value is maximum. It has 
the highest value of 0.919. The DKST has an intelligent storage index of 0.58, SRTF has an intelligent 
storage index of 0.48, and SSTF has an intelligent storage index of 0.548. Thus, it is evident that the 
proposed scheme is the best in terms of intelligent storage index.

Figure 8 shows the variation of the cold chain index. The cold chain index gives the reliability 
of the product during cold chain transport. Here the DKST attains an average cold chain index of 
0.505. SRTF attains a cold chain index of 0.485. Similarly, SSTF attains a cold chain index of 0.508. 
However, the proposed ITSMM attains the highest cold chain index of 0.916. Thus, the products’ 
reliability in maximum with the proposed scheme due to the incorporation of repackaging cost.

Figure 9 shows the variation of the transport integrity factor. ITSMM achieves the highest aspect 
of 0.9,which is close to 1. Thus, the integrity of the proposed scheme is the highest. The next highest 
is attained by SSTF with a rate of 0.615, followed by SRTF with a rate of 0.561. The DKST scheme 
has the least value of 0.557. Thus, the integrity of ITSMM is almost equal to unity.

Figure 6. Product Stability Rate Variation

Figure 7. Intelligent Storage Index Variation
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Figure 10 shows the comparison of conditional demand rate. It refers to the total demand for the 
products in the cold chain. The mean conditional demand rate for Dijkstra’s algorithm is found to be 
52.5%; the mean conditional demand ratefor the shortest remaining time first algorithm is computed 
as 55.3%.And the mean conditional demand ratefor the shortest seeksto time the first algorithm is 
54.7%. However, the proposed ITSMM scheme achieves a mean conditional demand rateof 85.8%. 

Figure 8. Cold Chain Index Variation

Figure 9. Transport Integrity Factor Variation

Figure 10. Comparison of Conditional Demand Rate
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Therefore, the mean conditional demand ratefor the proposed ITSMM scheme is the best due to the 
efficient route computation technique.

Therefore the proposed model generated a high average satisfaction rate of 87.85%, high average 
cost efficiency of distribution of 92.46%, a low operational cost of 0.159 and a minimum time variance 
of 0.174 compared with existing methods.

CONCLUSION

This researchproposed a new model called the Intelligent Time Scheduling Management Model 
(ITSMM). This model is used for the computation of the path with the shortest length and time to 
ensure the freshness of the food and deliver the food on time.The entire framework is linked with the 
Internet of Things (IoT) system using the cloud module. This module is used for the tracking of real-
time traffic to ensure the selection of the optimal path. The proposed cold chain distribution-based 
vehicle path optimizationschemeis designed to maintain the quality of the food being transported. 
The proposed scheme is compared using standard algorithms like Dijkstra’s algorithm (DKST), the 
shortest remaining time first algorithm (SRTF), and the shortest seek time first algorithm (SKTF).
For quantitative evaluation of the proposed ITSMM model, metrics like operational cost factor, time 
variance factor, service provider satisfaction rate, distribution cost efficiency, product stability rate; 
intelligent storage index, cold chain index, transport integrity factor and conditional demand rate 
were employed. It is inferred that the proposed model produceda high average satisfaction rate of 
87.85%, high mean distribution cost efficiency of 92.46%, a low operational cost factor of 0.159 and 
a minimum time variance of 0.174.
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