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Abstract. The aim of this article is to overview the transition of smart logistic
companies towards the industry 4.0.

Industry 4.0 is a generic concept that subscribes to the idea of a general aware-
ness of the importance of new technologies for manufacturing industry. This re-
flection aims to conserve and develop a strong and innovative industrial activity
to support the modernization of different fields. In the case of high volumes ser-
vice companies, many reasons have led to this modernization; remarkable in-
crease in the volume of items to deliver, complexity of managing the transporta-
tion system and the personnel scheduling, humanization of work conditions, etc.
In this work, The French postal service company, La Poste, is given as a particu-
lar case of study. La Poste daily treats high volumes of mail and parcel items. In
this article, the organization of the French postal service system from the collect
to the delivery is explicitly described. A literature review of different concerned
research axes is presented. Finally, we present what we think are the future needs
for researches in these axes.

Keywords: Industry 4.0, high volumes, logistics 4.0, warehousing 4.0, cyber-
physical production systems.

1 Introduction

Industry 4.0 is defined as the new technological mutation for automatic systems based
on the remarkable increase of the speed of information processing, digital storage ca-
pacity and massive development of communication systems. This promising revolu-
tion’s goal is to change the way factories work by the massive introduction of cyber-
physical systems known by their capacity to continuously interact with their environ-
ment via the coupling of the physical world with information and communication in-
frastructures. The concept of the factory of the future is based not only on the optimi-
zation of the existing solutions but it tends also to integrate real transformations leading
to innovative solutions in society, economy, human machine interaction and the manner
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work is planned and operationalized in a production chain. A branch of new technolo-
gies are used to facilitate the transition to a more sophisticated manufacturing system
also called “smart manufacturing” system, to name a few; the Internet of Things (loT),
cloud computing, big data, Information Technology (IT) and cyber-physical systems.

Today, companies are facing some challenges in the use of smart manufacturing
systems. First, companies must be able to handle the pressure of the competitiveness in
a global market with a high speed developing technologies. Second, using smart man-
ufacturing systems, all-type companies, regardless to their size, should be dynamically
configurable and more able to adapt to the evolution of the global market[1]. Third,
reorganizing the production process to enable humans supervise missions and collabo-
rate more easily with machines using more sophisticated interfaces. Forth, promoting a
friendlier environment and finally being able to build a cooperative and more mutually
beneficial relationship with customers by being a “good neighbor.”

Just as all other companies, service companies are facing the same challenges in the
transition phase towards the industry 4.0. Such companies operate 24 hours a day, 6 to
7 days a week and being able to adapt their production to a changeable demand in order
to meet customer’s needs and expectations is a real challenge for service companies
nowadays. Furthermore, the high rate of technological evolution and its massive diffu-
sion are considered as permanent sources of innovation in terms of solutions to the
actual problems and the organization of the production chain. This leads to a personal-
ized production that meets the needs of each customer instead of the standard one that
produces a standard product for everyone.

A company’s upmarket strategy is to improve the production chain in order to in-
crease its revenue by increasing products’ selling price. This improvement concerns
both the nature of the service and the way it’s conceived. For the industrial field, the
production tool in its ecosystem is an essential component. In fact, within an ecosystem,
what really makes the difference is the way the production system works. So far, hu-
mans, customers or producers, are the ones who truly drive the growth of the vendor,
and being able to provide an ecofriendly workplace fairly close to their living places
could make real difference because unlike yesterday, all considerations must be taken
into account simultaneously in today’s industrial revolution.

The French national postal company, also known as La Poste, is an example of a
public service company. Corporatized in 1991, La Poste was a fully state-owned com-
pany. It was only in 2010 after the full liberalization of the French market that La Poste
has become a public limited company fully owned by the French state. Postal services
can be divided into two main activities: parcel and mail delivery. Even if similarities
exist, the volume of mail that needs to be handled by postal services coupled to the huge
number of delivery destinations make a great difference between these activities. In
order to narrow the field of research of this article, only mail delivery activity is con-
sidered.

As a matter of fact, we first describe, based on the example of the French postal
system, the whole postal process from collection to delivery. Then, we overview re-
search efforts directly related to mail operations around the world. Finally, some re-
search challenges for the application of industry 4.0 in a postal service are highlighted
in section 4.



2 Organization of French postal services from the collect to the
delivery of mail items

Postal service network is the system concerned with the transfer of postal goods from
the consignors to the receivers. In order to simplify the study of such complex system,
postal service network system is divided into multiple interdependent subsystems (col-
lection, transportation, sorting and delivery). In this section different steps of mail trans-
fer from the collect to the delivery are explained in the case of the French postal service
network.

The postal service process starts with the collection of goods by postmen from dif-
ferent mailboxes, post offices and business customers in different locations. Business
customers also have the possibility to hand over their mail directly to a mail preparation
center or to a mail sorting center also known as Mail Industrial Platforms (MIP). In the
collection phase, time constraints must be respected in order to ensure the expected
quality of service.

These goods are then shipped to a Mail Delivery Center (Figure 1) which exists in a
number of several thousand all over the country. In the departure phase, the MDC has
a unique mission which consists in collecting mails and shipping them to the Mail Prep-
aration Center (MPC). Neither preparation nor control of mail flows is part of the mis-
sions assigned to MDC.

After the transportation of goods to the MPC, goods are sorted for the first time.
Mails are separated from parcels in order to be shipped to the adequate MIP. In the
preparation phase, mails are primarily sorted, they are separated by destination, format
(small, big or out of format) and by shipment quality (delivery day D+1, D+2, D+4 or
D+7). The principal mission of MPC in the departure phase is the preparation of mails
and their transportation to the MIP. MPC exist in a number of several hundred all over
France.

In MIP, mail items are sorted according to their delivery date: standard mails
(D+4/7) for example are sorted only the day before their delivery day. Otherwise, de-
livery offices, which generally have small warehouses, would be overflown.

More than 90 % of mail items are mechanized (sorted by machines) in MIP, and
more than 50 % are finely sorted and sequenced in the delivery order using four types
of machines: Preparatory sorting machine MTP, small format mail sorting machine
MTIPF, big format mail sorting machine MTIGF and delivery sequence sorting ma-
chine TTF (Figure 2). All machines are equipped with an optical character reader ca-
pable of reading online handwritten addresses in postal mails. In case of a non-recog-
nition of the address, the machine sends in real-time a picture of the address to a local
video-code room where the address is verified by humans and sent to the system after
being recognized.

Inside the mail sorting center, mail sorting process is programmed day per day and
it depends on volume and type of mail flows. After the arrival of mail items by trucks,
the first step is to dispatch them by separating small format from big format’s contain-
ers. For small format mails, the stamp on mail letters must be verified using the MTP
(if it was not done in the mail preparation center), then all small format mails are



stocked according to their sorting plan not far from MTIPFs. Big format mail letters are
also stocked according to their sorting plan next to MTIGFs and manual sorted mails
are shipped to the manual workspace. After the sorting process, sorted mail items are
transported using conveyers to the departure station where they will be transported us-
ing different sized trucks to a MPC or MDC.
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Figure 1 Industrial process of postal mail
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Figure 2 Journey of a mail letter in the MIP

In order to transport different postal items from one postal facility to another, La
Poste uses different forms of transport, namely road, rail and air transport. Airplanes
are only used for priority items and international destination including overseas depart-
ments and Corsica. In 2012, more than 91 % of postal items were transported using
trucks. After being sorted in the MIP, mail items are shipped to a MPC which will be
in charge of mail dispersion. MPC also represent convenient nodes in the global postal
network since they allow the optimization of transport of mail and parcel items between
MPC and MDC (Figure 2).

La Poste delivery services are ensured 24 hours a day, six days per week, from Mon-
day to Saturday.

3 A literature review of different axes of research on postal
industry

Postal mail service networks are facing real challenges today; a falling demand accom-
panied by an increasing number of competitors in a global developed market full of
new communication technologies like Facebook, SMSs, e-mails, fax, etc. Research
fields that could help Postal mail service networks to improve their efficiency and to



stand out in such a crowded competitive market are basically grouped into three differ-
ent fields; the transportation field including the collect and delivery, sorting field in-
cluding the recognition of handwritten characters and staff-scheduling field.

Published papers related to the mail service industry in the previously cited fields are
gathered here.

3.1 Transportation

In order to satisfy the postal services customers’ demand on having an on-time delivery
with paying the lowest possible cost, transport field is where to begin. Transportation
cost is an important part of the total cost of mail service, it includes different costs like
vehicle and fuel costs, labor of the driver, toll roads cost, repairs cost, etc. Many studies
in the last decades have focused on ameliorating transport systems and reducing its cost
in both public and private sectors using different methods. One of these methods is
based on minimizing the distance driven by postal vehicles and reducing the number of
these vehicles using a model based on relocating distribution centers in order to opti-
mize the distance between different nodes in the postal service network [2].

Moreover, some of the other issues found in the literature about transportation in
postal networks are finding the optimum path for deliveries and reducing the costs re-
lated to it, like the fuel and vehicle costs [3, 4], transportation planning problems [5, 6],
last mile delivery problems and improvement of collection flows while taking into ac-
count contractors time obligations [7].

Ant colony algorithm is used for solving a mathematical model for the improvement
of collection flows. The algorithm can basically be summarized in four points; first, the
first customer to be visited is randomly selected, then the sequence of all customers to
be visited is determined based on some probability equation. The second point is to
determine each vehicle tour, i.e., the sequence of customer sites visited by one vehicle.
The third point is the calculation of the total cost of a vehicle tour and finally, the fourth
point is the determination and application of local improvements of the total cost. The
last mile delivery problem was also discussed in [8-10].

3.2 Mail sorting

The procedure of transferring the mail from the consignor to the receiver consists also
of the sorting process in sorting centers. This process kept unchanged for decades. The
considerable increase in the volume of magazines, catalogs, parcels and other mail
items make impossible to keep sorting manually in postal sorting centers.

One of the issues of the conception of fully automatic sorting machines is the recog-
nition of handwritten postal codes. This challenging problem is an active research topic
where the possibility of making an automated system for the recognition of different
styles and types of handwritten postal addresses is discussed. In [11], the authors intro-
duced a heuristic algorithm for the segmentation of handwritten postal codes based on
two passes; the first pass consists of extracting the fragments of an image and the sec-
ond pass, of removing the noise, separating the touching patterns and reassembling



fragments of a broken pattern. This method was proved to correctly segment more than
90 % of Canadian postal codes and could be used with other countries postal codes.

Ciresan et al. [12] have used a Neural Network algorithm with multi-layer percep-
trons and numerous hidden layers with many neurons in each layer. This algorithm
reached one of the highest rates in the recognition of handwritten characters of 99.65%.

Another algorithm by Niu et al. [13] is considered also one of the best recognition
algorithms with a rate of 99.81%. The authors used a hybrid model with the combina-
tion of the advantages of the two most successful algorithms ever used for the recogni-
tion of handwritten characters: Support Vector Machine (SVM) classifier and Conven-
tional Neural Network (CNN) classifier. The architecture of the algorithm is composed
of a 5-layer CNN model where the last output layer is an SVM classifier.

A recent study used an adaptive Q-learning deep belief network (Q-ADBN) algo-
rithm for the recognition of handwritten digits in two global steps, first the extraction
of written digits’ key features by applying a deep-learning method based on adaptive
deep auto-encoder (ADAE) then an algorithm based on Q-learning is applied for deci-
sion-making. Other recognition techniques have been discussed in [15-17].

3.3 Resource planning

In a service based company like La Poste, the transformation process involves many
operations like transportation, sorting mails and delivery. All these operations necessi-
tate a certain level of intervention of human resources. In this context, staff planning
problems are one of the most important concerns of service companies. Having a spe-
cial work time of 24 hours a day and being forced to balance between low and high-
charged work periods service companies can face real problems under the use of a poor
personnel scheduling. Numerous authors have discussed multiple solutions on how to
optimize workforces’ operations under different parameters for different type of com-
panies, but only a few discussed it for the case of public postal companies.

In [18] authors addressed the problems of workforces oversupply including full-time
and part-time employees. An integrated full-scale linear model was proposed for reduc-
ing workforce’s size and optimizing their schedules with satisfying the daily demand
of employees in postal facilities. The model is focused on the minimization of an ob-
jective function depending on total weekly cost parameters of workforces and takes into
account different constrains like the number of full-time and part-time employees
needed to cover different work operations at different periods of a day including lunch
time and the minimization of the number of part-time employees. The objective func-
tion was solved using CPLEX and an optimal solution was obtained. The same shift
scheduling problem is discussed in [19-21].

Another work in [22] where authors discuss a lot sizing production plan and the
minimization of the cost of human resources needed to cover the whole process of pro-
duction. The problem was modeled using a mixed integer linear model. Optimum so-
lutions are obtained after the application of a branch-and-bound algorithm on different
scenarios.



Workforce scheduling has also been discussed in [23] in order to resolve a personnel
planning problem for mail distribution in the United States Postal Service. A general-
izable model was constructed for daily work planning where input parameters needed
to generate the schedule of a day are only the mail volume and the employee’s availa-
bility.

4 Industry 4.0 opportunities in mail delivery

The previous section showed that the research fields explored in mail collection, sorting
and delivery are not that vast. Obviously, this industry benefited from other research
fields (artificial intelligence, operational research, lean organizations, etc.), but the
specificity of such industry was not extensively studied. This section intends to intro-
duce numbers of research challenges that current industry might have to face in order
to enhance its efficiency in the next few years.

4.1 Transportation: towards logistics 4.0

The transportation sector has been changing rapidly since the wide spread of new in-
formation technologies (Industrial Internet of Things among others) and the evolution
of e-commerce. This means a continuous growth in the volume of parcels that will be
mixed with mail for the distribution. New solutions must address the needs of a flexible
system that is able to deal with a high dynamic market with an accommodate growth of
items volume, fluctuations of demand and evolution of technologies.

One of the trending solutions for same-day delivery is using drones. They are con-
sidered more efficient to deliver parcels or mail items in rural areas, as driving long
distances to rural areas is generally very costly and time consuming. Without drones, it
becomes mostly impossible to deliver items without making a delay. The short range
of drones, the need for high delivery rate and the need for extreme safety leads to the
problematic of fleet coordination of multi-modal vehicles (aerial drones, street drones,
delivery trucks, etc.) in an open space. Such solutions start to be implemented for mil-
itary or humanitarian operations [24] but they need to be adapted to be operational in a
city environment.

Moreover, innovative 10T technologies make it simpler to couple different objects
and sensors. In particular, auto-1D technologies [25] shall be used to detect the presence
of an item while being treated. Coupled to a cloud interface, it would then be possible
to access the full history of the item, its properties, its current status and its final desti-
nation. This could make it possible to enhance customers’ relationship with the items,
by individually remote controlling the sorting and delivery processes of an item.

Other solutions require a total connectivity and coordination between warehouse and
transportation management systems[26]. As an example, connected transport systems
will be able to communicate with each other and with warehouses in order to prevent
delivery date delays and to optimize the same-day delivery process.



4.2 Mail sorting: towards warehousing 4.0

Industry 4.0 is the response to numerous simultaneous transitions: energetic, ecologic,
numeric and societal. All these transitions need new technologies for facing challenges
for both continuous and long-term development.

In this context, it is mandatory to adapt the sorting activity control of the warehouses
in order to be flexible enough to use this connectivity to the logistic network [26]. The
difficulty is to cope with the many disturbances which occur on this type of system
(unpredictable demand, weather conditions, etc.) while taking into account the physical
constraints (storage sizes, priority of the delivery, etc.). One way to integrate these con-
straints is to add intelligence to all the logistic devices (machines, robots, storage, etc.)
but also as close as possible to the items, and making it intelligent products able to
integrate the decision making process of the platforms [27, 28]. These technologies
could also ensure a precise traceability of different operations during the whole life-
cycle of a product.

Future sorting centers should be fairly automated and equipped with collaborative
robots in order to free human operators from painful and repetitive tasks, in this way
they can put their cognitive functions at the service of quality, innovation and deploy-
ment of agile changes. This agility is meant to enhance the ability of the systems to sort
more efficiently multiple formats and contents of the mail. Indeed, getting millions of
post items sorted and prepared to delivery on time six days out of seven currently re-
quires different types of machines and some manual sorting. The notions of scalability
and re-configurability are also key factors for systems submitted to such volatility [29].

Finally, automated storage/retrieval systems connected with intelligent products
might lead to the definition of storage policies able to enhance the global productivity
of the centers.

4.3 Resource planning: towards cyber-physical production systems

Working in postal service industry includes a lot of manual work. Poor staff-scheduling
can lead to considerable losses. The evolution towards a full automatization of the sort-
ing process leads to a loss of personnel working with manual operations, which might
significantly reduce the misuse of humans and rationalize the costs. Nevertheless, this
means to define a flexible and agile control system of the whole center, able to adapt to
the various disturbances that could affect the system. Such control architecture have
been extensively studied in the field of manufacturing [30], and their extension toward
service companies still needs to be proved.

All the data produced by the centers, the logistics and the mail itself has to be ana-
lyzed in order to optimize maintenance and improve quality of service. Big data tech-
nologies are often used in order to analyze and combine data at an advanced and so-
phisticated level making it possible to give the big picture out of all collected data [31].
These technologies are highly used to improve customers’ service by knowing their
needs and expectations for future products or their feed-back after the use of a specific
product in the market, which make the experience more beneficial to everyone.



Future Human-machine interaction has different concepts in different logistic man-
agement processes. In fact, while humans’ presence has high importance level in the
strategic level because of their ability to make flexible decisions taking in consideration
different parameters and changes the system could go through, in the operative level,
the presence of humans could slow down the production process since repetitive and
precise activities are better executed by robots [32]. However, at operational level,
many interaction need to be established between humans and robots in order to benefit
from the best abilities of both sides. The service orientation induced by Industry 4.0 is
probably an interesting solution to enhance these interactions [33].

Finally, as the distribution chain, the number of items in each center and the number
of actors involved are extremely large, it is necessary to develop the concept of digital
twin which consists on creating a virtual model that realistically reflects the current
system’s state, this can efficiently predict the future behavior of the system and make
decisions based on realistic data sets at a lower cost. [34]. The development of a digital
twin at the level of the cyber-physical production system will give the ability to humans
to make the best decisions more rapidly, gathering the maximum amount of data on the
connected systems.

5 Conclusions

One of the challenges of the industry 4.0 is the involvement of the customer in the
production experience. Humans are considered the heart of the fourth industrial revo-
lution making the improvement of service experience an obligation no more an option.
Future factories need flexible and reconfigurable control production systems that ena-
ble them to evaluate rapidly with market changes. Today, smart logistic companies need
to bring more value to their customers by integrating multiple product use functions
and associated services. The use of information and communication technologies is
primordial for smart logistics 4.0, this facilitates the association of logistic and business
management tools in order to synchronize logistics and production flows and imple-
ment a dynamic production planning. This work focused on the French postal service
company La Poste. La Poste has the particularity of treating high volumes of mail and
parcel items every day. A description of the global organization of La Poste and its
sorting process from the collection to the distribution of mail items is presented here.

In this article, a literature review on different technologies used over the last decades
in transportation, sorting and resource planning fields is presented in addition to future
challenges in the same research axes needed to meet the requirements of the industry
4.0.
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