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ABSTRACT: The aim of this article to identify challenges of the supply chain scheduling 

problems from the aspect of Industry 4.0 application. Defining the context of supply chain 

processes between the delivery objects and their features authors describe a classification of 

useful intelligent transportation system and its application. Our method will be demonstrated 

the efficiency of route planning in aspect of industrial application. The supply chain providers 

are committed to fulfill customer demands in real-life transportation and logistics' processes. 

Also, the efficiency and timeliness become more and more important. 

KEYWORDS: Supply Chain, Vehicle Routing Problem, Package scheduling, Intelligent 

Transportation System 

 

1 INTRODUCTION  

Several researches have been published which 

address the available methods and solutions 

including analytic and heuristic algorithm to solve 

large scale problems for example Vehicle Routing 

problem (VRP), decision making, multi-objective 

optimization (Chan, F.T.S. et al., 2020) and 

simulation.  

As Figure 1 demonstrates, the support of 

decision making in industrial processes has been 

researched in the past years. 

 

 

 

Fig. 1 Classification of articles by year of publication 

 

The first paper in this field was focusing on 

framework of comprehensive modeling of freight 

movements and logistic information in freight 

demand modeling (Holguin-Veras, et al., 2000). 

The number of published papers has been increased 

in the last 10 years; it shows the importance of this 

research field. 

Vehicle Routing problem (VRP) become more 

and more important in the field of transportation 

and real-life logistics applications. Algorithm is 

supporting the logistic enterprises to resolve model 

of Vehicle Routing Problem with Time Window 

(Jayarathna, D. G. N. D. et al., 2019). Ant colony 

algorithm used to solve the problem of logistic path 

optimization (Zhang, N., 2018). One of researcher 

study also introduced a special VRP solution by 

using a hybrid intelligent algorithm (Peng et al., 

2006). They have analyzed the algorithm evaluation 

criterion of the capacitated vehicle routing problem 

(Liu et al., 2006).  

A multi-objective method is considered the 

function of roads in urban road network and green 

distribution network. Objective models were 

defined to solve network issues. Environmental 

impact can be reduced by applying bi-objective 

optimization (Deqqaq & Abouabdellah, 2016). It 

can also solve the complex traffic conditions in 

Intelligent Transportation Systems (ITS), especially 

transportation management. 

Intelligent Transportation Systems are applied in 

the field of transport, including Road Emergency 

services, maritime transport services and rail 

transport services. Traffic management and space 

optimization is a problem with the future 

development of container terminals. A container 

ports are generally measured and compared using 

indicators in maritime transport services (Chen et 
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al., 2016). The problem can be solved by having a 

remote traffic control center (McGinley, 2014). 

The future will see the increased use of 

intelligent control systems, which will contribute to 

a further increase in the safety and efficiency of rail 

transportation services (Becker & Zell, 2014).  

It was also applied in Air transport services 

(Sawai, 2014) too, when we checked in Scopus 

database. Airline communication and infrastructure 

networks was optimized with next-generation 

global airline network. 

There are an enormous number of reasons to 

evaluate the environmental performance of 

products. Design of environmental aspect is an 

important task of production processes. ITS is 

supported to provide an environmentally friendly 

and safe transportation systems. More and more 

ITS’s study analyze the relationship of cost and 

speed along with emission (Dongmin et al., 2016) to 

minimize pollution. Other important design aspect 

is a Safety. ITS complies with the safety regulations 

and new goals regarding efficiency and security are 

added for logistics and general user application 

(Khaliq et al., 2017). Cooperation and networking 

can be recognized from a wide range of aspects, like 

design and operation of enterprise information 

systems (Hsu & Wallace, 2007), and characteristics 

production systems (Di Febbraro & Sacco, 2009) 

and real-time optimization method for advance 

traffic management systems (Mirchandani & Wang, 

2005). Intelligent Transportation Systems are 

advanced applications or platforms. ITS solutions 

and subsystems have different impact on vehicles, 

roads and human factor as shown in Table 1. 

Table 1. Impact of intelligent transportation systems 

(* less important, *** necessary) 

Subsystems of 

ITS 

Vehicle Road/inf

rastruct

ure 

Human 

1. Intelligent 

traffic signal 

control system 

(TSCS) 

** *** * 

2. Electronic toll 

payment (ETPS) 

** *** * 

3. Transit 

management 

(TM) 

*** ** ** 

4. Traveler 

information 

services (TIS) 

** *** *** 

5. Emergency 

management 

services (EMS) 

** ** *** 

6. Highway 

management 

system (HMS) 

** *** * 

There are many technologies available and 

growing rapidly. ITS have been used in sensor-, 

communication- and control systems. These tools 

and methods are supporting all transportation 

systems worldwide. These technologies are 

typically focused on vehicle routing planner. New 

vehicle detection and surveillance technologies are 

constantly improved, and provide such as speed 

data monitoring, and valuable real-time traffic data. 

ITS include several applications that process and 

share information to improve traffic management 

control systems, ease traffic jam, reduce air 

pollution and increase the transportation of 

business. These applications provide to users with 

important information while improving public 

safety, mobility and efficiency. 

1.1 Impact of ITS subsystems 

ITS solutions offer a wide range of benefits, that 

relationship to the above-mentioned subsystems (1-

6.) are shown in Table 2. 

Table 2. Components of intelligent 

transportation systems and their benefits (* less 

important, *** necessary) 

Impact of ITS 

subsystems 
1. 2. 3. 4. 5. 6. 

Utilization of 

vehicles and 

infrastructure 

*** * ** ** *** *** 

Cross docking 

times 

** *** ** * *** ** 

Multimodality 

efficiency 

** ** ** ** ** ** 

Visibility and 

transparency 

*** *** *** *** *** *** 

Energy 

utilization 

*** *** ** ** *** ** 

Production 

facility 

utilization 

* * ** * ** ** 

Warehousing 

utilization 

*** ** * ** * ** 

Inventory *** ** * * ** *** 

Availability of 

products and 

services 

*** *** *** *** *** *** 

Delivery speed 

and accessibility 

* * *** * ** * 

SCM security *** *** *** ** *** *** 

City logistics 

solutions 

*** * * ** ** *** 

Reduce crashes 

in traffic 

*** * ** ** ** *** 

Mobility *** *** *** *** *** *** 

Productivity ** *** ** ** ** ** 

Customer 

satisfaction 

** ** *** *** *** *** 
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ITS can help to find the best configuration of the 

freight distribution systems by reoptimize the 

operations in real time. 

• Valuable data control systems: ITS can 

access all metadata in real-time and uses the 

necessary information which needed for each 

process. 

• Time savings: Intelligent transportation 

systems interpret and manage data sets in short 

time. Calculation's time was reduced by ITS. 

• Reduce crashes in traffic: These systems 

can be informed you via traffic events and measure 

car functions. 

• Productivity: Intelligent transportation 

systems can allow productivity developments. 

• Energy and environmental benefits: It 

mean, vehicles reduce emissions, and become 

economically competitive. 

• Mobility: The travel time and unplanned 

delays can reduce by mobility development. 

• Customer satisfaction: It measure the real-

customer experiences about services. 

 

1.2 Components of ITS solutions 

The tools of ITS can be divided into two main 

parts: computational technologies and sensor 

technology. The computational technology is 

basically the car navigation system, which is part of 

the automobile controls, and applied in satellite 

navigation to get position data.  

These systems have several advantages, because 

navigation systems provide useful data set such as 

speed monitoring, traffic control management and 

traveler news services in vehicle routing planner.  

The relationship among components and 

subsystems (1-6.) is shown in Table 3. 

Table 3. Components and its relationship to the 

subsystems of ITS (* less important, *** necessary) 

Components 

of ITS 

solutions 

1. 2. 3. 4. 5. 6. 

Traffic control 

system 

**

* 

* ** ** * * 

RFID ** * ** * ** **

* 

Inductive loop 

detection 

** * ** ** ** ** 

Video vehicle 

detection 

* **

* 

** * * **

* 

Bluetooth 

detection 

**

* 

**

* 

**

* 

** **

* 

** 

Traffic signal 

control system 

**

* 

* * ** **

* 

**

* 

Message signs **

* 

* ** ** **

* 

**

* 

Security CCTV 

systems 

**

* 

**

* 

**

* 

**

* 

**

* 

**

* 

Advanced 

applications 

that integrate 

live data and 

feedback 

** **

* 

** **

* 

**

* 

**

* 

Wireless 

communication

s 

**

* 

**

* 

** ** **

* 

** 

Computational 

technologies 

**

* 

**

* 

**

* 

**

* 

**

* 

**

* 

Intelligent 

vehicle 

technologies 

* * * **

* 

**

* 

* 

GPS systems ** **

* 

** ** **

* 

**

* 

Audio 

detection 

**

* 

* ** **

* 

**

* 

* 

Smartphone-

based rich 

monitoring 

* **

* 

** **

* 

** * 

Information 

fusion 

**

* 

**

* 

** **

* 

**

* 

** 

 

Vehicle detection and surveillance technologies 

may be described as containing three components, 

called transducer, a signal processing device, and a 

data processing device. The transducer detects the 

vehicle's construction or its axles. As we know the 

signal-processing device typically converts the 

transducer output into an electrical signal. The data-

processing device comprises computer hardware 

and firmware. These parts convert the electrical 

signal into traffic parameters. GPS have two-way 

communication with a traffic data provider. 

Smartphone-based rich monitoring has several 

sensors, which can be used to track traffic speed and 

density. Sensor technologies are used in data 

processing tools. Types of sensors are instructive- 

and non-instructive sensors. The operation of these 

sensors is a represent applications of mature 

technologies to traffic control systems: (1) Vehicle-

and infrastructure-based network systems (called 

intelligent vehicle technologies); (2) RFID; (3) 

Inductive loop detection; (4) video vehicle 

detection; (5) Bluetooth detection; (6) traffic signal 

control system; (7) message signs; (8) security 

CCTV systems; (9) advanced applications that 

integrate live data and feedback. Vehicle telematics 

is a part of telecommunication. It was applied to the 

information processing such as emergency warning 

systems for vehicles. Vehicles can communicate in 

real-time via computer technologies such as mobile 

tools. Wireless access became a standard of 

vehicular environment (WAVE), and increases ITS 

(Al-Anbagi and Mouftah, 2016). 
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Simulation provides an ideal environment for 

modeled ITS's solutions. Experts can analysis an 

imitation of the real process (Wojtusiak et al., 2012) 

and provides better solutions for quality scheduling 

(Castille-Rodríguez et al., 2020). Actually, these 

systems can get a better solution for quality 

schedules by developing near-optimal calculations 

(Yu., 2019). 

 

2 MODELLING OF SUPPLY CHAIN 

SCHEDULING PROBLEMS 

The related articles show the scientific potential 

of this paper, which addressed to make decisions, 

support the modelling and optimization with 

heuristic in supply chain scheduling and reduce 

unnecessary movements of delivery (Juhász and 

Bányai, 2018). The main problem is focused to 

delivery area’s allocation of resources. 

 

2.1 Hierarchy model of the main supply 

chain’s delivery processes  

We can classify the main supply chain’s delivery 

processes based on the location of service in just-in-

sequence supply as Figure 2 represented.  

The model of framework makes a contact 

between different tiers of supply chain: service 

center’s objects can be fulfilled the costumer needs 

to the requested attributes.  

The primary idea is that there is a cooperation 

among the participants, so the delivery processes 

are hidden to supply chain delivery providers. 

 

Fig. 2 Hierarchy model of the main supply chain’s 

delivery processes 

 

This research specially focuses on centralized 

extended supply chain, where the requested 

products are fulfilled by using the principle in 

distribution center (DC).  

 

 

2.2 Methodology of context table 

Our idea is to represent the relation between the 

relationship between warehouses and the deliveries 

locations using a context, well known from lattices 

theory. An example for a context is presented in 

Table 4. 
Table 4. Context table 

K Attributes 

destinations [AT] 

Objects 

centers 

[OB] 

 m1 m2 m3 … mj 

g1 X   X  

g2  X    

g3   X  X 

...      

gi  X  X X 

  

A context can be represented as a table, where 

the rows are headed with the objects name, and the 

coloumns with the attributes name. Objects (OB) 

are contained the centers/warehouses, g, Attributes 

(AB) mean the delivery stations, called destinations 

m.  We put x in the intersection of an object and an 

attribute if the    center deliver to the    different 

destinations. 

A formal context (OB, AT, RE): 

 RE ∈ OB x AT                                             (1) 

Where  

- OB is the finite set of objects, 

- AT is the finite set of attributes and 

- g RE m is the binary relation between OB 

and AT. 

    Usually in algorithms we present our contexts 

with matrices where we put 1 if the object has the 

respective attribute and 0 if doesn’t. 

Our context table identified the challenges to 

serving out the delivery tasks by increasing 

customer satisfactions. This methodology assesses 

such the reduction of scheduling service costs 

[unit]: destinations and cost of each center operation 

(for example fuel cost). 

Other results represent significant efforts to find 

the optimal system parameters of pickup- and 

delivery problem (Chang et al.;2016). 

2.3 Mathematical model 

 

First, we will show the mathematical model 

itself. The described model can be considered an 

assignment problem by applying different methods. 

Ganter has given a systematic view of the 

mathematical foundations and their relations to able 

to apply for these methods. (Ganter, Wille; 1999). 

We consider our context as a table, called table 

K, where RE  denotes the relation between 

center/warehouses enter    and destination   , 

where  =1…i, k=1…j. as you can see in Table 5. 

Service 
center 

Object 1 

Attribute 
1.1  

Attribute 
1.2 

Object 2 

Attribute 
2.1 

Attribute 
2.2 

Object 3 

Attribute 
3.1 

Attribute 
3.2 

Object n 

Attribute n 

Attribute ∞ 
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Table 5. Example of the K table 

K Attributes 

destinations [AT] 

Objects 

centers 

[OB] 

 m1 m2 m3 m4 m5 

g1  x X   

g2 X   x x 

g3 x  X  X 

g4 x  x  x 

g5 x     

 

For every H1 ⊆ OB and H2 ⊆ AT we interpret 

the following sets: 

 

H1’= {m ∈ AT│ g REm all g ∈ for H1} (2) 

 

H2’= {g ∈ OB│g REm all m ∈ for H2}  (3), 

 

Where, 

- H1’ indicates a common property of  H1,  

- H2’ denotes the set of OB elements, which 

have a property in H2. 

 

The (H1, H2) pair is called the concept of the 

(OB, AT, RE) context, If  H1’= H2 and H2’= H1, 

where, 

- H1 ⊆ OB, 

- H2 ⊆ AT. 

The set H1 is called the object part/extension of 

the concept (H1, H2). The set H2 is called the 

property part or intensity of the concept (H1, H2). 

We can increase the complexity of this 

optimization problem if we consider more and more 

elements of costs. For example: price of fuel, toll of 

road, fee of highway, weight tax, service, employee 

salary, parking fee and so an. 

We can define the Ɲ (OB, AT, RE) lattice which 

is isomorph to the extent lattice of this context.  

We create the extents of all of a given context.  

We use the easiest and well-known algorithm to 

determine the extents “extpart of concept 

algorithm”, which collects in an N list all sets that 

can be generated as a section of attribute extensions. 

It contains all concept extents of the concept lattice 

Ɲ (OB, AT, RE). 

extpart of concept algorithm 

The first element of the N list is the set of OB 

All m ∈ AT for its attribute 

 All H1 ∈ for N set 

     If H1 ∩ m’ ∉ N 

    Expand the N list with H1 ∩ m’. 

 

Applying the extpart algorithm to the context 

from table 5 we get the extents shown in table 6 and 

in Figure 3 you can see also the context lattice and 

the extent lattice which are isomorphic. 

  

Table 6. Example of the concept extensions 

Number Attribute Extension 

1.  {g1,g2,g3,g4,g5} 

2. m1 {g2,g3,g4,g5} 

3. m2 {g1} 

4. m3 {g1,g3,g4} 

5. m4 {g2} 

6. m5 {g2,g3,g4} 

We can easily represent the lattice and the 

specifying the route of the couriers by an 

orthogonalization procedure like in (Veres, 2008).  

 

Fig. 3 Model of the supply chain’s delivery processes 

with concept lattice 

 

Fig. 4 Model of the supply chain’s delivery processes 

with extents 

 

METHOD II 

Another method using contexts is to fill the 

context with the costs of the route from the 

warehouse to the destination address. 
K Attributes 

destinations [AT] 

Objects 

centers 

[OB] 

 m1 m2 m3 m4 m5 

g1 0,9 0,7 0,8 0,3 0,1 

g2 0,5 0,3 0,4 0,6 1,2 

g3 1,2 1,7 1,4 0,2 0,3 

g4 0,6 0,8 0,7 0,4 0,6 

g5 0,01 0,02 2 0,5 0,3 

({g1,g2,g3,g4,g5},0) 

({g3,g4,g5,g2},{m1}) 

({g3,g4,g2},{m1,
m5}) 

({g2},{m1,m5, 
m4}) 

({g3,g4,g1},{m3}) 

({g3,g4},{m1,m
3,m5}) 

({g1},{m3,m2}) 

O 

(m1) 

(m1,m5) 

m1,m5,m4 

(m3) 

(m1,m3,m5) (m3,m2) 
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The first step is to reduce the table, finding the 

smallest values of the rows and then the columns, 

and reduce the rows / columns by adding a 0.1 

correction to this minimal value. The next step is to 

find the lowest cost route for couriers using the 

Hungarian method. 

We will use the modified  Hungarian method, 

which has been instructed by Kisimre István 

(Kisimre, 1976). We choose this method to solve 

our delivery problem. Because testing we found that 

this method is the fastest solution for assignment 

problems as opposed to the permutation (full 

settlement) method and its biggest advantage is that 

it can find an optimal solution within a pre-

definable (non-heuristic) step number without 

having to examine each variant. 

The decision variables define the decisions to 

made, where the following decision can be made: 

(1) assignment of objects to the attributes; (2) 

assignment of defined tasks, which     =    

distance between each tier 

 

                                             

 

    

 

                                              

 

    

 

         

 

    

 

    

                                 

                                               

Where 

-     is the element of solving matrix. Also, 

the X matrix is same size of K matrix.  

-            If each task at intersection of     

row and     column, then     is equal 1, 

otherwise 0.  

- Every row and column are exactly on task. 

The objective function of this problem 

describes the minimization of the costs of 

operation, so the sum of the fields should be 

as small as possible. Also we find the 

optimal route. 

-    is the supply operations costs from center 

g and destination m. 

 

To find the assignment problem of solution need 

to applying the Hungarian method, where the 

algorithm has seven different action group of steps. 

It contains preparatory- and defined repeated rules 

steps to find the solutions. The assignment problem 

always has a solution and it is obtained after finite 

action groups by complying with certain rules. 

3 SCENARIO ANALYSIS 

3.1 General recommendations 

Within the frame of this scenario analysis there 

is an assignment problem, where the nxn C matrix is 

available. In this case we have analyzed an 5x5 

matrix, the solution is hidden in marked elements of 

n. There are available 120 different assignments.  

The Hungarian method would perform below n
3
 

steps in exchange of the earlier n
4
 steps. If the 

Hungarian method performs a step of hundred times 

as much as creating and examining a permuted 

version, it would find an optimal solution for a 

matrix of size 100x100 in 100x100
3
 = 1x10

8
 time 

units. On the other hand, the Hungarian method 

finds only 1 optimal solution, if there are more, it is 

ignored and we find them all with one permutation. 

C matrix is known as a following: 

 

 
 
 
 
 
     
     
     
      
      

 
 
 
 

 (6) 

 

The operation cost for scenario is calculated with 

Eq. (1-4) and solved by the algorithm.  

The results of the Hungarian method are 

depicted in the following different action group of 

steps: 

Step 1: Find the smallest element of each row of 

the matrix C (4,1,2,2,4), then subtract that value 

from each element in the row.  

  

 
 
 
 
 
     
     
     
     
      

 
 
 
 

 (7) 

 

 

Step 2: Also find the smallest element of each 

column of the obtained matrix C (0,1,0,0,0), then 

subtract the value from each element in the column. 

Then a C0 matrix is known as a following: 

 
 
 
 
 
     
     
     
     
      

 
 
 
 

 (8) 

 

Step 3: Make assignments (row wise cell: gm25, 

gm33, gm51, gm12; column wise cells: gm35, gm43, 

gm14) then the wises assignments are shown in (9): 
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 (9) 

 

Step 4: Check the matrix: number of 

assignments are 4 and number of rows 5. This is not 

right, then the solution is not optimal, go to Step 5. 

Step 5: Find and cover all the 0 in (9) and 

develop new revised matrix, so select the smallest 

element, which is 1. Deduct value of 1, which 

element is not covered by a line. After add value of 

1, which element is covered by two lines. 

 

 
 
 
 
 
     
     
     
     
      

 
 
 
 

 (10) 

 

Repeat the earliest steps to find an optimal 

solution, then the algorithm has obtained the results. 

Optimal assignments are obtained as a 

following: 

 

 
 
 
 
 
     
     
     
     
      

 
 
 
 

 (11) 

 

The optimal solution is 5+2+2+2+4, so the 

scheduling service cost is 15 [unit]. 

 

4 CONCLUDING REMARKS 

The presented delivery models have been 

extended for large problems to demonstrate the 

efficiency of supply chain scheduling in aspect of 

industrial application. The specific remarks are the 

follows: 

- The supply chain delivery providers are 

fulfilled the customer needs in logistics' processes 

by manage the economic and environmental 

occupancies.  

- The optimal scheduling of supply chain 

resulted more competitive and economy delivery for 

freight distribution.  

- Important indicators selected for algorithm to 

find the optimal selection for delivery. 
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