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Abstract: The paper presents the problem of distribution route planning with dynamic information about sudden customers' needs. Particular attention was paid to dynamic vehicle 
route planning and its influence on the distance covered by a distribution vehicle. In the article, authors assume that the quick information about customers’ sudden needs is 
transferred from the EPLOS tool data base. Authors analyze the available literature on transport route optimization and propose a solution to the problem of distribution among 
customers with sudden needs. In order to present the impact of quick information influence on the distribution route minimization, a simulation model of the vehicle routing problem 
was generated in the FlexSim environment. 
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1 INTRODUCTION  

 
Transport is one of the key sectors of the economy in 

every country. Its importance for the movement of people 
and material goods seems to be indisputable. 

Thus, the efficiency of the implementation of transport 
processes directly affects the duration of this process and its 
cost. This cost then also influences the prices of transported 
material goods. 

In addition to the cost aspect, effective freight transport 
planning is key to satisfying the needs of the recipients of 
goods in a satisfactory manner in the shortest possible time 
and at the lowest possible price. Transport planning is not 
only organizing the right means of transport within a certain 
period, but also the proper organization of several processes 
accompanying the physical movement of goods. An example 
of such activities may be the planning of the route of cargo 
transport. Difficulties in the planning of the transport route 
should be seen mainly from the point of view of the lack of 
reliable information about the current conditions on the 
transport route (traffic jams, road sections, etc.) [1-3]. 

In addition to transport route planning, the performance 
of operational activities related to goods unloading can pose 
some problems. An example of this type of problems may be 
the availability of appropriate handling equipment enabling 
the unloading of vehicles at the recipient’s end. Hence, both 
the knowledge of road conditions and the ability of shippers 
/ recipients to load / unload goods can directly affect the 
efficiency of the implementation of the cargo transport 
process [4-6]. 

These situations most often make it difficult to plan full 
truck loads, where the goods from one supplier are delivered 
directly to one recipient. Delays on the transport route and 
difficulties in unloading vehicles at the advised time are 
typical problems that transport planners, dispatchers and 
forwarders must face every day. 

The problems mentioned above increase in the case of 
goods delivered by a single vehicle from one / many senders 
to many recipients. In this situation, we are dealing with 
distribution, which is most often defined as the process of 
making products and services available to the recipients 

located in places other than service providers or production 
plants. 

Therefore, fast and reliable information is crucial for 
proper transport planning. Unfortunately, the transfer of 
quick information faces many problems. Therefore, this 
article addresses the issue of access to quick information on 
customers’ needs and its impact on distribution costs related 
to the length of vehicle routes. The article considers the 
vehicle routing problem with the dynamic information of the 
customers’ needs. Such dynamic information can be 
downloaded from the EPLOS software (European Portal of 
Logistics Services) which is manufactured by the Warsaw 
University of Technology together with the CID 
International within the European Eureka Program. 
 
2 VEHICLE ROUTING PROBLEM WITH DYNAMIC 

INFORMATION  
 
The difficulties in cargo distribution planning result 

mainly from the many aspects that must be considered at the 
planning stage. These include, for example: limited load 
capacity of vehicles and their availability in time, time 
windows for the picking up and delivery of goods, many 
vehicles distributing cargo at the same time, variable traffic 
conditions, asymmetry of transport costs, etc. [1]. In 
literature, such a problem is called the Vehicle Routing 
Problem (VRP). This problem is development (by the above-
mentioned aspects such as load capacity, vehicle 
availability), one of the oldest optimization problems on 
networks, called the Traveling Salesman Problem (TSP), 
which consists of a salesman visiting each of the selected 
towns exactly once and returning to the town from which the 
journey began. The travel costs between each pair of 
locations are known [7, 8].  

A traveling salesman should be planned in such a way 
that he can visit each place exactly once and the total cost of 
travel is as low as possible [7]. 

There are many different variations of the vehicle routing 
problem addressing the aspects of the reality mentioned 
above. Among the most common are the Capacitated VRP 
(CVRP), where each customer has a demand for a good and 
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vehicles have a finite capacity; the VRP with Time Windows 
(VRPTW), where each customer must be visited during a 
specific timeframe; the VRP with the Pick-up and Delivery 
(PDP), where goods have to be picked-up and delivered in 
specific amounts at the vertices; and the Heterogeneous Fleet 
VRP (HVRP), where vehicles have different capacities. 

In the era of a rapidly growing market economy, 
minimizing the costs of operating an enterprise is no longer 
the only indicator of its success in competition with the 
competitors. Very important is also the level of customer 
service, which depends on on-time deliveries and the ability 
to respond to sudden customer needs. 

In the case of distribution, this issue is addressed by the 
dynamic vehicle routing problem (DyVRP), where the 
previously set route can be changed according to a sudden 
request for transport. That is why it is possible to quickly 
reshuffle the vehicle’s route to minimize the unnecessary 
distance.  

The DyVRP is not a new issue.  For many years, 
scientists have been developing more and more new methods 
for solving the issue. The first publications dealing with the 
issue of DyVRP appeared as early the 1970s [9]. This 
publication concerned passenger transport, where passengers 
expressed their desire to travel without prior notice. This type 
of phenomenon is the most common example of dynamism 
in the DyVRP. This also applies to the transport of goods, 
where the demand for transport is already reported during the 
implementation of the vehicle’s route. This aspect has been 
undertaken over the years by many scientists, including, [1, 
10-14]. An element of such an emergency call may also be 
the performance of a service [1, 15-18]. Another source of 
dynamism in the vehicle routing problem is the time of 
carrying out loading operations at shippers / recipients of 
cargo and the time of travel between successive loading / 
unloading points [1][19][20][21]. Some research also takes 
into account the possibility that the vehicle can simply break 
down during the route performance [22-24].  

Since DyVRP belongs to the class of NP-hard problems 
(the optimum solution cannot be found in the acceptable 
time), its solution requires the use of heuristic algorithms 
such as: genetic, ant colony, particle swarm optimization, 
greedy, local search, simulated annealing, or Tabu Search. 
Additionally, agent programming, dynamic programming 
and simulation techniques are used to solve these types of 
problems [21, 25-34]. 
 

 
Figure 1 Example of a dynamic VRP 

 

Schematically, the idea of the DyVRP is presented in 
Fig. 1. The first route designated in t0 moment is contained 
of the points ABCDE. Suddenly in the moment tf, the route 
is extended by the points X and Y. Because of that, the 
vehicle does not go from D to E, but in the meantime serves 
Y. Then after point E, the vehicle visits X before it comes 
back to the base. 

The optimization criterion for a DyVRP is usually the 
length of the route and the time it takes to complete it. 
However, other optimization criteria for this problem are e.g. 
customers’ service level, number of requests served, 
transport provider capacity. The need to respond to dynamic 
customer requests also introduces the concept of response 
time: the customer can ask for service as soon as possible; in 
such cases, the main goal may be to minimize the delay 
between the arrival of the request and its handling. 
 
3 IT SYSTEMS SUPPORTING VEHICLE ROUTING WITH 

DYNAMIC INFORMATION  
 

Decision-making regarding the vehicle route must be 
done online, which can often be a compromise between the 
response time and the quality of the decision to fulfill that 
request. The longer the time it takes to find a solution for an 
emergency request, the less likely it is that a high level of 
response to that request will be met.  Thus, ensuring a high 
level of customer service while responding quickly to his 
needs requires very quick access to information about his 
request. Quick access to logistics information requires the 
cooperation of both transport organizers and clients on 
transport services. Such cooperation is possible only thanks 
to the use of IT systems that connect logistics market 
participants. 

An example of such a tool is the EPLOS (European 
Portal of Logistics Service) program, which provides access 
to customer data in real time, including the status of their 
demand for a given product. This program can be interfaced 
to the TMS (transport management system) tool of carriers 
and freight forwarders, as well as to the ERP (Enterprise 
Resource Planning) tool of customers. Thanks to that 
connection, the customer who cancels the delivery when the 
vehicle is already on the road has the option of informing the 
transport dispatcher about it. With the use of the tools for the 
planning of transport routes, the dispatcher can efficiently re-
route the vehicle. The route planning tools must cooperate 
with the ITS (Inteligent Transport Systems) systems based on 
a combination of geolocation technologies with precise 
geographical location and increasingly more advanced 
equipment and software for data processing. The DyVRP 
mentioned above is usually implemented in the Advanced 
Fleet Management Systems (AFMS) tools used to manage a 
fleet of vehicle [25, 35]. Thanks to this class of systems, it is 
possible to analyze and respond to customer requests ad hoc. 
The very important advantage of this type of systems is the 
possibility of route optimization or another parameter being 
the goal of real-time optimization. Nevertheless, these types 
of systems only allow cooperation with regular customers in 
a normally defined transport network that includes both the 
carrier and customers. 
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In the case of more complex transport systems, the use 
of these tools can be troublesome due to the lack of access to 
quick information about the need to handle a sudden 
customer request. An example of this type of distribution 
systems will be the systems on a macro scale, where the 
carrier carrying out certain courses with loads is not aware of 
any customers who are outside its database and who could be 
served by this carrier. 

Therefore, it is necessary to use the EPLOS system, 
which is a kind of a logistics database about the participants 
of the logistics market, both the customers interested in 
transport or some other logistics services as well as 
enterprises providing broadly understood logistics services. 
EPLOS is a system that gives the opportunity to share data 
on logistics services and gives access to this data to all users 
at the same time. Due to EPLOS, logistics market 
participants such as logistics operators, carriers and freight 
forwarders, who are currently downloading information 
about their destinations and contractors primarily from the 
online environment, can now access the quick information. 
 
4 CALCULATION EXAMPLE 

 
The information about the emerging demand for 

transport mentioned in the previous chapter is extremely 
important from the point of view of the minimization of costs 
associated with e.g. the loads distribution. Usually, a 
distribution vehicle obtains route information some time 
before the start of the route (the route is pre-planned by the 
planner). However, it may turn out that immediately after the 
start of the route, there is sudden information about the need 
to prioritize one of the recipients of cargo because of his 
change in the date of the delivery of cargo. Therefore, it is 
necessary to quickly re-plan the route.  

The aim of this example is to show how the quick 
information about the sudden customer request transferred 
from the EPLOS to the carrier’s TMS tool can influence the 
distance covered by the vehicle. It is assumed that the 
carrier’s TMS tool has the routes optimization module. 
Because we don’t have access to the carrier’s TMS tool, we 
used the FlexSim simulation software to prepare the model 
of the Vehicle Routing Problem with dynamic information of 
the customer’s needs. Therefore, in this case, FlexSim is just 
a software which allows the preparation of the VRP example 
and is not connected neither to the EPLOS nor to the carrier’s 
TMS tool. The calculation example presented below allows 
determination of the impact of access to logistics information 
on the distances covered by distribution vehicles. 

Examples of the use of FlexSim can be found in [36]. For 
the purpose of the study, a simulation model consisting of 6 
customers was built. A fragment of this model is shown in 
Fig. 2. The numbers from 1 to 6 indicate the subsequent route 
points of the distribution vehicles. 

It was assumed that the distribution route always starts 
and ends at point 1. Moreover, it was assumed that right after 
the route starts, the driver can receive sudden information, 
that some recipients must be served as the first or last in the 
vehicle route. Such situations can appear when recipients 
change their original time windows for the delivery.  

 
Figure 2 Simulation model in FlexSim 

 
Using the FlexSim optimization module, the optimal 

vehicle route was determined for situations where there are 
no sudden customer’s needs causing disruptions in the 
transport route. Searching for the minimum value via the 
heuristic algorithm implemented in FlexSim is shown in the 
Fig. 3. 

 

 
Figure 3 Solution space 

 
As a result, an optimal solution was obtained, according 

to the points shown in Fig. 2. The points from Fig. 2 were 
visited by the vehicle in the following order: 1-5-4-3-6-2-1. 
The obtained route was schematically presented in Fig. 4. 
The length of the route in this case was 44,51 units. 
 

 
Figure 4 Calculation solution for the route planned in advance 
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Consequently, various scenarios were analyzed 
assuming that individual points must be served as soon as the 
vehicle route begins or after the remaining points have been 
serviced (the driver receives information that the given point 

must be served as soon as possible or as the last one). The 
results of the calculations carried out are summarized in Tab. 
1. 

 
Table 1 Route optimization results 

Point number with a sudden need (notification)/notification type Service point order Route length (units) 

2 Service after the start of the route 1 2 6 3 4 5 1 44.51 
Service at the end of the route 1 5 4 3 6 2 1 44.51 

3 Service after the start of the route 1 3 4 5 6 2 1 50.57 
Service at the end of the route 1 2 6 5 4 3 1 50.56 

4 Service after the start of the route 1 4 5 6 3 2 1 52.77 
Service at the end of the route 1 2 3 6 5 4 1 52.77 

5 Service after the start of the route 1 5 4 6 3 2 1 47.68 
Service at the end of the route 1 2 6 3 4 5 1 44.51 

6 Service after the start of the route 1 6 5 4 3 2 1 48.24 
Service at the end of the route 1 2 3 4 5 6 1 48.23 

 
"Service after the start of the route" indicates that the 

driver receives information that the given point must be 
served right after the service of point 1.  

"Service at the end of the route" indicates that the driver 
receives information after he begins with the route that the 
given point must be served as the last one. 

The results presented in Tab. 1 clearly indicate that the 
sudden notification of transport demand affects the extension 
of the previously planned route of the vehicle. In the analyzed 
case, only the need for service after the start of the route and 
at the end of the route of point 2 did not cause the extension 
of the route presented in Fig. 5. Similar results were obtained 
for point 5, which reported a need for its service at the end of 
the route. In other cases, the vehicle route was extended. 
 
5 CONCLUSIONS 

 
The problem of vehicle routing with dynamic 

information presented in the article is an important issue for 
minimizing the costs of transport as well as for maximizing 
the level of customer service. As emphasized in the article, 
planning the minimum route for freight transportation 
considering sudden notifications (need for transport) is not 
possible without access to quick information. This quick 
information can be transferred only with the use of IT 
systems that connect the customer with the carrier. The direct 
connection between customer and carrier is not always 
possible, which is why it is necessary to use tools such as 
EPLOS, which is a database that can connect the users of the 
logistics market (logistics market users can obtain 
information about each other, including the information of a 
sudden transport need). Such access to quick information 
about a sudden customer’s need will allow, on the one hand, 
a quick response to the notification (ensuring a high level of 
customer service), and on the other hand, it will reserve more 
time to plan the route to minimize it. 

The routing results presented with the use of FlexSim, 
which is just an environment for the preparation of the 
vehicle routing example, show that quick information 
positively influence the vehicles’ routes and, in the end, also 
the transport costs. 
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