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Much research has been undergone in the smart logistics environment for the prompt delivery of the product in the right place at
the right time. Most of the services were based on time management, routing technique, and location based services. The services in
the recent logistics environment aim for situation based logistics service centered around the user by utilizing various information
technologies such as mobile devices, computer systems, and GPS. This paper proposes a smart logistics service model for providing
user-centric intelligent logistics service by utilizing smartphones in a smart environment. We also develop an OWL based ontology
model for the smart logistics for the better understanding among the context information. In addition to basic delivery information,
the proposed service model makes use of the location and situation information of the delivery vehicle and user, to draw the route
information according to the user’s requirement. With the increase of internet usage, the real-time situations are received which
helps to create a more reliable relationship, owing to the Internet of Things. Through this service model, it is possible to engage in
the development of various IT and logistics convergence services based on situation information between the deliverer and user

which occurs in real time.

1. Introduction

Logistics services have improved immensely, after the emer-
gence of ubiquitous computing [1]. In the early days, the logis-
tics services experienced more time related constraints due to
the traffic and frequent change of the customer environment.
Many researches have been underway to reduce the time and
effort which can help in providing a faster, safer, and more
accurate delivery service. Such efforts have been put forth
in the practical development by taking advantage of various
advanced computing technologies and smart communication
devices in the logistics service environment which is well
explained by Klaus [2].

Most popular research includes the optimal routing
technique [3] and the logistic tracking by using wireless
telecommunication technology based on RFID or GPS [4]
for more reliable service. Many of such services include the
user interaction. The smart computing environment centered
on individual smartphone users, which is recently growing
rapidly [5], is demanding the evolution of human-centered

computing services that can reflect the user’s opinion and
surrounding situation more directly in various service areas.
In other words, the immediate action on the situational
context in the logistics process according to the user’s
requirement and the frequent change in the environment
can improve the service quality. All the logistic services are
focused on the user which drives to build a fast reliable
service [6]. For the situation based decision making, we need
a shared understanding among the context information to
gain complete awareness [7]. Using ontology in the service
model enables the understanding of the relationship between
the context and situation information.

This paper proposes a model based on the user-centric
smart logistics/delivery services considering various situ-
ational information which arise in ubiquitous computing
environment. In addition, the context based ontology model
for the proposed model is developed to deal with the semantic
situations. The proposed service model makes use of GPS-
based tracking technology as well as various types of situation
information based on sensing information technologies from
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various sensors in a smart space as limiting factors of the
route and schedule planning of logistics/delivery services.
Users are allowed to track, interact, and change the location
through the GUI-based application developed for the smart
phone. For this, the proposed service model includes GUI-
based situation information processing technology using
smartphones and context-aware GUI-based logistics service
scenario and model technologies which use smartphones.

The rest of the paper is organized as follows. In the
Section 2, the related studies for the designed model are
designed. Next, Section 3 discusses the situation in logistics
with the context information. Section 4 discusses the service
model of the logistics process. Scenario based route decision
and logical view of the logistics service is explained in
Section 5 and the final section provides the conclusion and
future work.

2. Related Studies

In recent times, there are active studies underway on logistics
automation technologies and IT based logistics smart service
technologies in the ubiquitous environment. In particular,
practical technology researches [8] are underway on smart-
phones and RFID/USN technologies for providing context-
aware services in various areas from shopping malls to
logistics, home delivery, and ship and air freight. It proves
that the environment is entering a new dimension with
the Internet of Things [9]. Scholz-Reiter [10] explains the
automation process in logistics with the RFID transponder
that locates the objects on a real-time. Related studies on
logistics environment, using location data and RFID have
proposed the convergence of IT technologies and logistics
regarding various application areas such as control of delivery
vehicles using location data based on RFID, method for logis-
tics information and event notification, and management of
logistics warehouse [11-14].

Such research has great significance in the fact that it
enhances the efficiency of logistics and delivery work by graft-
ing computing models and networking technologies into tra-
ditional logistics related work processes. Another impact fac-
tor in the logistic management is the vehicle routing problem
(VRP). Many technologies and algorithms were developed
to acquire an optimal routing of the transportation. Peng
et al. [15] attempt to resolve the VRP problem through the
hybrid computational intelligence where some approaches
include various algorithms to find the optimum route [16, 17].
In addition, such studies have developed into studies which
attempt to consider the simple data values which are sensed
from a sensor in a logistics system and process management
and control, along with various types of situation information
such as user and environmental information, as the flow
elements of the logistics/delivery process. Through these
efforts, several researchers have defined situation informa-
tion for logistics/delivery environment and have proposed
methods and models for recognizing and processing situation
information for logistics/delivery services and systems [18-
20].
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Usage of the phone has improved the productivity in var-
ious consumer-producer [21] and receiver-deliverer relation-
ships for safe transactions. A case study on logistics/delivery
services using smartphones presented its usefulness by exam-
ining various events which occur when employees in a USA
logistics/delivery company were actually prepared to use a
logistics/delivery system using smartphones [22]. According
to research findings, Internet based logistics/delivery control
system using smartphones was introduced rather than the
traditional PDA-based logistics/delivery computer system
[23]. As many studies proved that the user-centric service has
enhanced the productivity [24], it also had a positive effect on
the user convenience of people in charge of logistics/delivery
using the devices.

Presently, it is anticipated that the services using smart-
phones will have a very wide range and diversity of applicable
service domains [5] and will also benefit many applications
[25]. However, most studies [26-28] are being concentrated
in the tracking of logistics/delivery based on simple position
information using GPS and optimization of routes, and there
is a lack of studies on the models that can apply various types
of sensing information communicated from RFID/USN of
the logistics/delivery environment. Thus, there is a need for
the studies on smart logistics/delivery service model that can
provide the optimum logistics/delivery service according to
user-based situation information arising in real time in the
actual logistics delivery environment.

A study of a controlling system for the logistics vehicle
using a smartphone proposed a design, which overcomes the
limitations of a logistics vehicle control system using only the
existing GPS-based location information and for a smooth
logistics vehicle control system in a limited time and location
using the 3G network of smartphones [29]. Along with the
vehicle tracking and routing technique, the situation aware
system is required for a user centered service in the logistic
system. Howard and Cambria [30] explains the importance
of the situation awareness in the human centric environment
where the situation is subjected to change in unexpected
variations. The perspective of the situation varies for each
service in which Yau et al. [31] defines situations as well as
contexts and classifies situations into atomic and composite
ones.

The situation aware context information needs to be
processed in the automated logistic service to generate
an optimal route according to the customer’s requirement.
For this purpose, the OWL based ontology is used which
is the ontology representation language. Many studies are
underway in the ontology based logistics services to enhance
the productivity and time efficiency in the delivery.

3. Situation in Logistics Process

In the dynamic computing environment, situation awareness
is more important for decision making system. As our pro-
posed system revolves around the user change, the situational
change takes its turn. The set of context information obtained
determines the situation of logistic and provides optimal
route information according to the customer’s needs.



Journal of Applied Mathematics

—> Object property

FIGURE 1: Ontology tree of context class.

To provide a user based service, the context information
is required, which can be classified into constant context and
variable context. The constant context consists of unchange-
able information, whereas the variable context contains
the changeable information that may create a situation in
the logistic process. The package details of the customer
are certain and fixed information that is linked with the
corresponding customer. The variable contexts in the logistic
are time and location that are related to both the deliverer and
the receiver. Figure 1 presents the ontology tree of the context
class.

The location of the vehicle and the customer are the basic
changes in the situation logistics. The context information
about the location is obtained through the communication
network. The location concept in the ontology is shown in
Figure 2. The vehicle’s location is obtained with the GPS
tracking system with the coordinates X and Y. Customer
will be able to view the location of the vehicle from their
smartphone to keep track of the product. Logistics App is
installed on the customer’s smartphone which not only helps
in the tracking but also keeps discovering the location of the
customer by activating the discover button. The customer’s
location is originally the address provided for the logistic, but
the customer is permitted to modify the location when the
vehicle crosses their nearby location. Also, by turning on the
discovery tab, the location of the customer is made visible in
the deliverer’s smart device. According to the situation of the
customer, the location and time can be changed and fulfill the
customer needs.

4. Service Model for an Intelligent
Logistic Environment

Generally speaking, the actual smart logistics/delivery envi-
ronment exists in the ubiquitous or intelligent space where
various sensors connected to USN carry out mutual comput-
ing through networking with wired/wireless communication
network. The general structure chart of the service model
proposed by this paper for providing a smartphone-based
smart logistics/delivery services linked to various sensors in a
ubiquitous computing environment is as depicted in Figure 3.

The proposed smart logistics/delivery service model
consists of the server part of providing the smart logis-
tics/delivery service information based on the actual sensed
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FIGURE 2: Location concept of the logistic ontology.

situation information to the person in charge of logis-
tics/delivery and the user. The situation information from
the user’s smartphone is attained in the server of the smart
logistics service to determine the route information about
the logistics. The route of the delivery is determined by
the user’s location and availability. As noted by Gruber
[32], ontology is a formal, explicit specification of a shared
conceptualization. So, by taking advantage of the concept,
understanding between the system and situation benefits the
logistics service by providing a precise delivery.

4.1. High Context View of the Smart Logistics. The server
receives the input of situation information, including the
location of the sensed or entered logistics/delivery vehicle,
location of the customer, status of the goods, time and
method of how the customer received the delivered goods,
and the real-time route change information of the person in
charge of logistics/delivery.

In this case, the context model based on the rule of
Figure 3 objectifies the low level terminal status information
from the client through the RDF-based context model in
the form of the status information class form of API level.
Objectified low level terminal status information can be
processed into high level status information with a richer
meaning through the repetitive rule coupling with other
objectified low level terminal status information. Figure 4
shows the conceptual diagram of the logistic process of the
proposed service model for generating high level status infor-
mation through coupling which has applied rules through
the coupling applied with rules. The low level data delivered
from various sensors is constituted into types and values
according to the ontology knowledge dictionary related to the
stored logistics/delivery domain in the ontology storage. A
low level data represented by types and values is objectified
into higher level status information through the repetitive
coupling process with other low level data. For example,
the coordinate information (X : Y) representing the user
location transmitted from a position sensor and GPS in
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FIGURE 3: Service model of logistics service.
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FIGURE 4: High level context information.

Figure 4 is expressed as a pair of position type for showing
the actual integer and the semantic information of that value.
The generated {Position, (X : Y)} information couples with
{CustomerID, (ID : 00001)} information for recognizing
a specific user, and the user position with ID:00001 can be
abstracted into a higher level information called (X : Y).
The smart logistics/delivery service provides various
logistics/delivery related services ranging from the service for
providing logistics/delivery route optimization information
to the logistics/delivery automatic control service in the form
of web service from the service storage using objectified
high level status information. Then, the service engine uses
the logistics/delivery plan information and the high level
status information stored in the schedule storage as a limiting

factor for executing a specific service. The client sends the
sensing information occurring in real-time from various
sensors and the RFID and GPS devices installed on the
logistics/delivery vehicles to the server. Then, the sensed
information can be networked with the user’s smart device,
and the user and the person in charge of logistics/delivery can
be communicated through their smart devices. Through this
kind of networking, the immediate user requirements can be
considered in real time for the new services.

5. Logistics Ontology

User-Centric Intelligent Logistics Service uses OWL based
ontology approach for fulfilling the customer satisfaction.
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FIGURE 5: Top level ontology model of logistics service.

Usually the ontology contains the concepts, relations, axioms,
and individuals. As a first step in the ontology development,
the basic concepts of the logistics centered around the user
are identified. The concepts are classified as network, state,
service, context, and actor concepts. Figure5 shows the
Upper Ontology of the Logistics. The Concepts are briefly
explained in the following subsections.

5.1. Context Based Concept. The context information is
obtained from the smart space through the proper means
of smart devices. The concept context in the smart logistics
consists of time, location, and the information on the product
delivered. As mentioned in the previous section, the context
can be briefly classified into constant and variable context
considering both the deliverer and customer.

5.2. Network Based Concept. The location information of
the deliverer and the customer are considered of equal
importance in the delivery of the product. Therefore, network
is kept in check for the constant update of information.
Location of the deliverer is obtained using GPS connection.
The delivery time is calculated and sent to the customer with
the location of the vehicle.

5.3. State Based Concept. According to the event and the
action performed, the state of the delivery process is updated.
Each stage of the process is updated on the server and
presented to the customer. When the state of the process is
in “On Delivery” state, the customer will be able to track
down the delivery vehicle and also update personal change
in the schedule. But once the delivery is done and state is
converted to “Delivered” state, the customer will end all their
connections from the logistics.

5.4. Service Based Concept. User-centric service is the main
focus of the paper. The service revolves around the routing of
the delivery with the situation based context information.

5.5. Actor Based Concept. In our model, the role of the
actor is determined to be a customer or a driver. The basic
information of the receiver and the sender is stored in the
actor concept. In addition to this, the logistics company can
also be added as one of the actors in broader vision.

The ontology is modelled using the protégé with OWL
plugin. The class, object property, data property, and indi-
vidual assertions are all created for a prototype modelling.
Figure 6 shows the logistics ontology which explains the class
relationship among the derived concepts.

6. User-Centric Scenario for Smart Logistics

Let us discuss a prototype scenario of the smart logistics with
the situation and events that surround the customer and the
deliverer.

(i) Customers A, B, and C are planning to receive their
delivered goods at each of their specific locations.

(ii) The person in charge of the field Y of smart logis-
tics/delivery company X initially receives the delivery
route in the order of A, B, and C.

(iii) Customer A recognizes that they currently have a
personal matter to attend to and communicates this
to the delivery company using their smart device.

(iv) Customer B was to personally receive the delivered
goods at their home, but B decided to briefly go out
nearby.

(v) Customer C was to personally receive the delivered
goods at his home, but did not arrive at his house yet.

Now, we have some possible situations arising in the above
mentioned scenario. With the received context information,
a new route adjustment is derived and sent to the deliverer by
exercising the proposed service model.

6.1. Route Management Based on User Situation. For each
possible situation change, the route information is altered
and sent to the deliverer. Considering the above mentioned
scenario, the possible route changes are discussed as follows.

(1) The time information from the private schedule
entered by Customer A is objectified into new status
information, and the existing logistics/delivery route
is changed using the limitation information for setting
a new route. Then, the newly determined route
changes recommendation information as indicated
on the smart device of the person in charge, and
the person in charge continues the logistics/delivery
service through the newly changed route (B — C —
A).

(2) While Customer B is briefly moving near their home
where they were initially supposed to receive the
goods, they directly send their own location informa-
tion to the server using their smart device. Or the
location of Customer B is automatically sent to the
server through the sensor linked via network to a
smart space and the networking with Customer B’s
smart device.

(3) New status information is objectified from Customer
B’s location information and used as the limiting
information for setting a new route. Then, if Customer
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FIGURE 6: Class diagram of logistics ontology.
B’s location should come later than the flow of time midway, the new details are immediately delivered to
context and location context of Customer A or C the person in charge.

in the new route which takes into account the time ) ] )
information of Customer A in 1, the new route is (6) Customer C is currently moving to his home and
decided asC —- B — AorC — A — B Customer C’s location information is sent to the

server in the method explained in 2. At this time, if
Customer C’s location is before the current location
of B or is closer to the route of the person in charge,
the new route is decided as C — B — A or

and the newly decided route change recommendation
information is indicated in real time on the smart
device of the person in charge.

(4) The service engine of the server tracks and monitors C — A — B, and the newly decided route change
in real time the logistics/delivery service process recommendation information is indicated in real time
currently in progress. to the smart device of the person in charge.

(7) The final available route may be B — C — A (if
Customer C approaches a person in charge Y before
they reach Customer B) or C — B — A (if
Customer C can approach the person in charge Y after
they reach Customer B).

(5) If the current location information of Customer B is
close to the moving route of the person in charge,
the service engine of the server sends a message to
Customer B’s smart device and provides automatic
SMS service so that whether or not the goods were
received can be checked midway. At this time, if Cus-
tomer B reads the SMS text sent to his smart device  6.2. Logical View of the Intelligent Logistics. In the basic sce-
and changes the reservation to receive the goods  nario, the information of the delivery item, the time and
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FIGURE 7: Basic scenario logic for delivery route information.

the location of the customer, and the optimal route for the
delivery are obtained as shown in the Figure 7.

As soon as the Customer A communicates the change in
time, the information is objectified as new status information.
A new schedule or route is created considering the customer’s
needs. The updated delivery information is sent to the
deliverer which is automatically displayed on the smart device
of the person in charge. The approximate time change is also
notified to the customers simultaneously.

The flow of the service is explained in Figure 8. The
scenario mentioned in the above section was drawn with
respect to the customer’s change of location in which they
send their own location themselves. On the other hand, the
location can also be updated automatically to the server
which can also be adopted by the customer.

The location information of each customer can be sent to
the server through direct input, and, because the proposed
smart logistics/delivery service client is already installed and
running on Customers A, B, and C’s smart devices, the
customers’ location information can be sent to the server
in real time through various sensors in the smart space
and the networking between GPS and customer’s smart
device. The details examined through the exercise scenario
are a consideration of only one instance regarding changes
in a very vast and complicated real time change in status

( Start )

Receive the

change of
location from the

customer

If any new
customer

location is
received

Change the
delivery time of
the customer

Create a new
route information

End

FIGURE 8: Time change request scenario logic from customer.

information that may arise in an actual logistics/delivery
environment.

We also encountered a point in the earlier scenario, where
the customer wishes to receive the delivery midway knowing
the vehicle’s location. When the GPS tracking is enabled on
both the receiver and deliverer’s smart phones, when the two
devices come near to each other, the information is popped
up on the customer’s smartphone. If they choose to receive
the package, the time change and the route information are
updated and sent to the deliverer. Figure 9 shows the process
flow of customer location change.

To be exact, when the distance between the customer and
the vehicles is less than or equal to a kilometer, then an SMS
is sent to the customer regarding the vehicle’s location. A
fragment of the algorithm for the above mentioned flowchart
is discussed as follows:

Input Order O = {O, ..., Oy}

Matching each order with location respectively, the
Order result OR = {(O, L 461)> - - > (Onp> Ly}

If D(L .yg» Lygy) < 1km

cus8>

Then Send SMS to customer.

If cus8 change the location L,
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FIGURE 9: Location change request scenario from customer.

Then rearrange the sequence of order delivery.

If any of the distance from D(L_>Lyen)s -
D(LcusN’Lveh) < 1km,

Then insert the Order (O, L) Next to it.

Calculate the time and update the database.
L., = Location of the Customer
L., = Location of the vehicle

D(L > L) = Distance between the Customer Loca-
tion and Vehicle Location.

Similarly the event and action based flow also helps in the
situational decision making in the logistic process. With the
help of intelligent logistic services through the smart phone,
the customer based services are accomplished.

Context awareness plays an important role in defining
the relationship, which eventually helps in the automation
process. The logistic ontology was implemented in OWL
with protégé 4.2. The pellet reasoner is used to verify the
relationship and rules of the individual created in the logistic
ontology. An instantiation of the logistic ontology is shown
in the Figure 10.
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FIGURE 10: Instantiation of logistics ontology.

7. Conclusion and Future Work

In this paper, a user-centric smart logistics model using
smart devices was proposed. The proposed service model can
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generate high level status information through a rule-based
context model from low level terminal sensing information
arising from various sensors existing in smart space and
RFID/USN and GPS and provide status information based
intelligent logistics/delivery service using this. Therefore,
the service model proposed in this paper is anticipated
to have high availability as a diverse, mutually interactive
logistics/delivery service model based on smartphones and
expected to be of great help in developing related application
services and systems in a ubiquitous and an intelligent
computing environment which is to come in the future.
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