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SRM – CURRENT TRENDS IN SUPPLIER RELATIONSHIP 
MANAGEMENT 

SRM A SOUČASNÉ TRENDY VE SPOLUPRÁCI S DODAVATELI 

Ing. Kate řina Bajaja 

Katka.bajaja@gmail.com 

Abstract  

The purpose of this paper is to describe and understand the current opinions and trends in 
supplier relationship management (SRM), but with base of the traditional point of view. A 
systematic literature review, mostly articles, was conducted as a research method of this 
paper. The responsible supply chain management is the key to a comprehensive and 
sustainable company. The crucial part is not only to select the best suppliers, but most 
importantly to create the mutual cooperation. The article is divided into five sections according 
SRM concept. The paper gives the basic overview of the current possible understanding of the 
supplier relationship management.  

Abstrakt 

Účelem příspěvku je popsat a pochopit současné názory a trendy v oblasti řízení vztahů s 
dodavateli (SRM), ale stále s použitím tradičního pohledu. Jako metoda zkoumání byla použita 
systematické rešerše literatury, ve většině případů odborných vědeckých článků. Zodpovědné 
řízení dodavatelského řetězce je klíčem ke komplexní a udržitelné společnosti. Rozhodující je 
proto nejen vybrat ty nejvhodnější dodavatele, ale hlavně vytvořit podmínky pro následnou 
vzájemnou spolupráci. Článek je rozdělen do pěti sekcí dle základního konceptu SRM. 
Příspěvek podává základní přehled o současném možném pochopení řízení vztahů s 
dodavateli. 

Key words 

Supplier relationship management, cooperation, supplier selection criteria, supplier 
categorization 

Klíčová slova 
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INTRODUCTION 

The main goal of this paper is to describe the current understanding of the supplier 
relationship management, based on the traditional point of view.  To achieve that, is necessary 
to focus on the basic principles of the concept and try to find new insights. The crucial part is 
always to select the best suppliers, and to create the lasting mutual relationship. The article is 
divided into five sections according the SRM concept. Each one is described and explained to 
give the basic overview of the current possible view of supplier relationship management.  

 

CURRENT TRENDS 

The supply chain is complex system of organizations, people, technologies, information 
and data, which leads from original source to final customer. The responsible supply chain 
management is the key to a comprehensive sustainability of the company. (Zimmer, 2015). 
The ability to strategically and ethically manage supplier relationships, in order to minimize 
risks and maximize benefits, is usually the long-term businesses a competitive advantage. 
Originally a rather competitive relationship was applied in the supply chain. Nowadays we can 
more see more of those transformed into partnerships. But they must be beneficial for all the 
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players, so the entire supply chain is becoming more efficient and competitive than its separate 
units (Sjoersdsma, 2015).  

The entire SRM concept can be implemented by five main steps, based on specific 
goals, activities and information support (Gros, 2012). Also is very important to identify how 
these functions participate in the main activities of the SRM process. 

 

THE PRESENT AND FUTURE REQUIREMENTS FOR INPUTS AND SOURCES 

The organizations can no longer count on on their own resources in terms of 
innovations and strategic interactions. They have to look for new partnerships and possibilities 
outside their company. There is a big challenge for many organizations to integrate information 
regarding planning, decisions and processes between all the companies within the supply 
chain. The whole process of integration should maximize the added customer value and 
minimize the involved efforts. However, the identification of demanding activities for integration 
and business functions is not always easy to understand, both within the organization and 
among their relationships (Da Silva Garcia, 2015). Very crucial is also the personal ability and 
responsibility of human resources within operations and management. By effectively managing 
the supplier relationship, the organizations can improve the knowledge transfer among 
applicable business functions. The behavior of the project team has a strong impact on the 
quality of the relationship with the supplier. The studies have shown that the capabilities of a 
project leader are decisive for the success of early supplier involvement. The specialists are 
advised to be very selective. Suppliers and their experts should have innovative capabilities 
and should be able to connect effectively with the company's managers, IT specialist and 
developers. Effective knowledge exchange is important for both formal and informal settings, 
so the involved parties could connect and collaborate on a personal basis. Also managers 
should be very careful to replace people in already working teams as each employee may 
need time and effort in order to get accepted by the other team members involved. The same 
applies for changing suppliers. Even the interpersonal relationships and trust are important, 
companies and managers are advised to periodically check by internal audits and follow up on 
buyer–supplier relationship quality (Sjoerdsma, 2015). 

 

THE SELECTING CRITERIA AND THEIR EVALUATION 

The supplier relationship management is not possible without mirror image of the customer 
relationship management. The implementation of SRM must be based on review of current and 
potential suppliers. In both cases, we evaluate their potential in terms of costs, ROI, motivation to 
fulfill the customer requirements and mutual cooperation (Gros, 2012). In this part of article is 
important to emphasize how the strategic participation of purchasing can influence supply 
management activities throu the choice of appropriate operational and strategic criteria. The studies 
very often focus on supplier selection and monitoring supplier performance evaluation. Commonly 
are based on operational and strategic criteria. To choose the appropriate supplier selection criteria 
and to monitor supplier performance are the ways to the right outcome. That is better purchasing 
performance of cost, quality, delivery, flexibility and innovation (Nair, 2015). 

ASSESSMENT AND CATEGORIZATION OF EXISTING SUPPLIERS  

The most practical implication is to involve existing suppliers early in their innovation 
processes, but it`s necessary in the same time to actively manage supplier relationships in order 
to increase the project performance. Organizations need not only focus on formal agreements 
(e.g. contracts), but also on information system flow and EDI implementation.  
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As Kim (2015) stated in Journal of Supply Chain Management, based on extensive study 
of automotive industry, down bellow are described possible categorizations of the suppliers and 
their basic attributes.   

 

Deep relationship - closely tied and cooperative. 

• Both companies are synchronized in their operations through specialized interfaces. 

• Both companies remain highly responsive to each other (e.g., JIT manufacturing).  

• Both dedicate a significant portion of their internal resources to the relationship. 

• The efficient communications and coordinated production activities.  

• Very often highly dependent on each other (operationally and strategically). 

• Both are less likely to engage in unilateral power play. 

• Both are more likely to cooperate for mutual benefits. 

 

Sticky relationship - closely tied but adversarial.  

• The companies essentially consider each other as a necessary evil. 

• Their exchange tie persists.  

• The more powerful company may streamline and systemize exchanges. 

• The weaker company may often be forced into relation-specific investments. 

• The dominant company leans toward using adversarial tactics. 

• The weaker company at the same time tries to "get even" via covert means. 

 

Transient relationship - arms-length and adversarial.  

• Both are relatively clear about how they interact with the other party. 

• Based on discrete transactions, their business deals are struck through competitive 
tendering and aggressive price negotiations. 

• The contacts are mostly short-term, as in open commodity markets.  

• With short-term gains (e.g., price advantage) as their primary focus, parties prefer to 
enforce and adhere to contractual terms, leaving open markets as the recourse in case 
the relationship fails. 

• Consequently, it is largely confrontational or, at best, indifferent. 

 

Gracious relationship - arms-length but cooperative.  

• Two companies may not work together intensely but in high regard and goodwill.  

• Both may engage in intermittent and short-term yet recurrent collaborations.  

• The business deals might take place infrequently, but they occur endearingly.  

• The supplier is less reliant on the buyer and typically is resourceful. 
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• The supplier has diversified product offerings and a balanced customer base. 

• Both parties retain autonomy in their respective operations, while remaining positive 
toward each other over a course of time. 

There is no single, ideal way to manage a buyer-supplier relationship. Building a deep 
relationship may work in some cases but not all of them.  

 

Environment for compatibility 

It is always necessary during the integration process to create such an environment, 
so the interests of suppliers and customers are consistent. The integration contributes to SRM 
by sharing information on strategic supply specifications and information/materials flow (Gros, 
2012).  Implementation of the sustainability and responsibility principles into customer-supplier 
relationships brings risk reduction and generates new business opportunities. Streamlining of 
information flows and establishing key partnerships helps to increase security and reduce 
operational risk. The transmission of responsible principles into supply chain opens access to 
new markets and customers who call for high ethical and environmental standards. High loyalty 
of the suppliers is associated with long-term partner relationships also. The supplier relation 
can also play large role during new tender as this area suggests a high level of processes and 
overall management. (Maria Jesus Saenz, 2015) 

 

Mutual cooperation monitoring and further sharing 

It is crucial to continuously monitor the effects of mutual cooperation. Cooperation and 
coordination consists of mutual adjustment and alignment between buyer and seller, based on 
expectations, organization, goals and responsibilities. The findings have several theoretical 
implications. First of all, the positive relationship between relationship quality, knowledge 
transfer, and project performance is supported. Secondly joint projects, their evaluations based 
on expenses and ROI, and achieved savings. The distribution of financial effect is necessary 
to clarify by setting the exact rules. After reaching a consensus plan of revenues, profits, and 
return on equity, is necessary to find another step to approach them (Gros, 2012). 

 

CONCLUSION 

This paper presents a literature review of support models in SRM. We can definitely 
say, that there is no single best way to manage suppliers’ relationships. Buyer-supplier 
relationships involve conflicting interests and require careful strategic consideration. Both 
parties have to navigate through different needs and therefore is important to always seek a 
balanced portfolio. As we can see, there is definitely a progress in companies’ understanding 
of SRM importance, as the SRM gained rising attention in last few years. Hopefully, this trend 
will continue in future in both academia and practice.  
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DESCRIPTION AND DESIGN OF AUTOMATED TRANSPORT 
BRANCH OFFICE OF TNT EXPRESS OSTRAVA 

POPIS A NÁVRH Z AUTOMATIZOVANÍ P ŘEPRAVNÍ POBOČKY TNT EXPRESS OSTRAVA 

Ing. Tomáš Jurco 1 

e-mail: JUR544@vsb.cz  

Abstract 

The aim of this work is a basic introduction to a branch of multinational corporate TNT express 
company which deals with global logistics based in Ostrava. This thesis describes how it now 
works on this branch and subsequently propose the automation of this branch connections 
using RFID technology for the improving and streamlining. To achieve greater satisfaction for 
both customers and facilitate the work of the employees of this company. 

Abstrakt 

Cílem této práce je základní seznámení s pobočkou nadnárodní korporátní firmy TNT express 
která se zabývá celosvětovou logistikou sídlem v Ostravě. V této práci popisuji, jak to nyní 
funguje na této pobočce a následně navrhnout z automatizování této pobočky za pomocí 
zapojení technologie RFID za účelem zkvalitnění a zmodernizování. Pro dosáhnutí větší 
spokojenosti jak zákazníků tak z usnadnění práce pracovníků této firmy. 

Key words 

Logistics, Transport, TNT express, RFID, Storage 

Klíčová slova 

Logistika, doprava, TNT express, RFID, skladování 

 

INTRODUCTION OF TNT EXPRESS 

Company TNT is widespread in more than 200 countries and employs 68,628 people 
across the globe. Operates more than 30,000 vehicles and 46 freight aircraft. And it achieves 
globally 90% customer satisfaction with purchased services. The company was founded in 
1946 with only one lorry. But it will very soon change, thanks to an ever-increasing need for 
transporting goods. 

In the Czech Republic there are a total of four branches of the company. Subsequently, 
I will describe the Ostrava branch of this company registered office in Marianské Hory. This 
branch reaches a daily intake of shipments around 2,000 pieces. This is mainly thanks to a 
partnership with Asus, which is located nearby, in Ostrava Hrabová. 

This Ostrava branch has a total of eight daily used cars Fiat Ducato II (Fig. 1), the 
standard capacity of 4 euro pallet / road1Automobiles. 

                                                
1 VŠB Ostrava 
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.  
Fig. 1 Fiat Ducato II (source: www.tnt.com) 

Two cars Volkswagen Caddy (Fig. 2), which are used for transport of medical supplies 
and correspondence. 

  
Fig. 2 Volkswagen Caddy (source: www.tnt.com) 

A single truck Volkswagen Crafter (Fig. 3), which can be stacked up to 10 pallets.  
Primarily this is a car designed to mediate and import of larger consignments and evening 
collection of parts from Asus, which takes place regularly at 17:00. 

 
Fig. 3 Volkswagen Crafter (source: www.tnt.com) 

The last and also the most important car from an arsenal of TNT Express Ostrava is 
one of places for lorries Mercedes-Benz Actros (Fig. 4). This car is used daily to transport 
between major branches to unload all air pallets and oversized package in Prague, where they 
are moved to the aviation logistics centre. Subsequently they are sorted and transported to all 
corners of the world. 
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Fig. 4 Mercedes-Benz Actros (source: www.tnt.com) 

Interestingly the company TNT is that logisticians themselves taking care of the 
ordering, shipping and transportation of routes between storage transport is 2 times more than 
themselves forwarders and loaders packages. [1] 

 

ROUTES BETWEEN - STORAGE TRANSPORTS 

The subsequent diagram (Fig. 5) shows three routes, which are used for connection 
with the other branches of multinational corporations TNT Express, Czech Republics. 

• Point 1. Is elected as exit location of our branch in Ostrava 

• Point 2 is the Brno branch 

• Point 3 of the branch in Hradec Kralove 

• Point 4 and it´s central warehouse in Prague 

 
Fig. 5  Routes between storage transport (source: www.tnt.com,www.maps.google.com) 
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ESTIMATION OF CALCULATING THE PRICE OF TRANSPORT:  

Now roughly described (Table 1) how it should be a long journey and how long it should take 
under ideal conditions. Ideal conditions, I think on the road are car accidents and even closing or 
column. A knowledge of the consumption of cars, roughly calculating the cost per trip. Calculation 
has estimated the character of prices, because the car has a considerable impact loads 
roadworthiness both going down the gum and deviations from the ergonomics and many others. 

 

Table 1 Consumption vehicle  

Car type 
Consumption 

L/100km Diesel price Brno Praha Hradec 

Volkswagen Crafter  14 28,1 685 1 507 940 

Mercedes-Benz Actros 20 28,1 978 2 152 1 343 

Volkswagen Caddy 8 28,1 391 861 537 

Fiat Ducato II 12 28,1 585 1 291 806 

Instead Distance Estimated path length  

Brno 174 Km 1 hour 38 minutes  

Praha 383 Km 3 hour 21 minutes  

Hradec 239 Km 2 hour 53 minutes  

Source: (www.tnt.com, www.maps.google.com) 
 

THE OPTION OF ORDERING TRANSPORT  

TNT Express customer companies wishing to order their transportation, whether 
correspondence, or transportation of high tonnage cargo has several options from which you 
can choose. 

� Over the phone 

Just make one call that needs transportation department TNT. And there dreaming, will 
be appointed to the provisional price by the stated parameters and the required conditions. 
After the agreed time when a freight forwarder for shipment arrives. Upon arrival forwarder 
shipment is checked and recorded dimensions 

� E-Mail  

This option of order placement procedure is the same as in the previous case, except 
for the difference that all data needed by arrangement via email. 

� In System MY TNT 

This placing of the order is quite different from the other administration. They are used 
mostly by people who use the company TNT often and have led them to a "contract". If these 
people want to send a shipment, just when they open a special program that will give them 
firm TNT. In this program fills all the required parameters shipments and print a bar code that 
is electronically generated directly by the company. Thus marked the shipment immediately 
upon arrival it comes to weighing and measuring, and there is no need to wait for entering into 
the system and assigned a number. 

� Filling orders for the  

This ordering method is similar to the system utilization MY TNT. With the difference 
that the person has special rates and must complete the entire order again. 
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� Personal handover  

It's another way to send the package via the company TNT Express. But it is minimally 
used. Due to the company TNT Express is in a rented private building, which is guarded. At 
the entrance to the building is one inscribed upon presentation of ID, and only then is let into 
this building. Upon arrival at the depot is not written to him about the transfers at stake and 
recorded parameters package - height, width, weight and other details. [3] 

 

TRANSPORTATION 

Before reaching the final phase of the consignment to overload transportation, must 
still be done several important intermediate steps. For shipments that go outside the European 
Union - member, measuring and weighing sent the package. Finally, the actual shipments are 
loaded into shipping cars and garbage.  

� Customs 

When it comes to shipments sent outside the European Union must take place with 
them one more intermediate step - and that's just broken, which occurs before there is a 
detection of weight proportions shipments. When a shipment exceeds the face value of 
postage under the laws of the country where the package is sent, there is a legal obligation 
under the relevant directives of the country to create a customs papers. And as in electronic 
form and in the form of a letter. If the sender gave a low price and added misleading shipment 
and service provider is authorized to open and inspect the consignment. Whether it is a 
fraudulent behaviour, or whether it is balanctitable this article. If everything goes right package 
for measurement. [2] 

� Measurement 

 After completion of all steps preceding the consignment is loaded on the belt and 
subsequently moved to the table, accompanied by weight meter cross (Fig. 6). Starts 
measuring the weight on the scale and activated dimensional item. Unloaded size data using 
a barcode scanner (Fig. 5) will appear on the computer. The consignment is then moved by 
destination into pre-cages and is loaded into the system on a transport cage, which will be 
transported.  

                                                     
     Fig. 6 Bar code reader (source: www.tnt.com)         Fig. 7 Bench scale (source: 
www.tnt.com) 

� Measuring more bulky packages 

If the consignment is not fit both their weight and their size scales on the table is moved 
with the help of hand pallet truck, pallet truck or electronically on the floor balance (Fig. 7), 
where it is weighed. Then, the removed package code scanner. After weighing exposes the 
system to insert size of items. After manually retractable measuring certified subway are then 
entered into the system much, and then the consignment is transported to a waiting truck and 
allocated.  
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Fig. 8 Ground weight (source: www.tnt.com)    
� Carting 

Every day after pick-up at 17:00 pm, all shipments cages and moved into a waiting 
truck. Allocated to the truck and after loading the truck leaves the Prague headquarters of the 
company. Refuse to Czech cities is done so that the consignments are transported to the 
regional branches of using smaller supply FIAT Ducato II, which were crossed in front of the 
truck facing the city. 

� Transfer to another warehouse company 

Once you arrive van or truck, all consignments shipped and allocated to its transport 
position. Whether it's been added on the cage with the name of the city or just a place to 
procrastinate things waiting for another ride. 

� Scheme cycle transport 

There are the summarized findings (Fig. 8), which are described above and are shown in a 
diagram that tries to cover the whole course of transportation of packages and how to order, 
and all actions that are happening within the company after the transfer between warehouses 
to final handover shipment. 

 
Fig. 9  Cycle transport scheme 

 

DRAFT AUTOMATED AFFILIATES TNT EXPRESS OSTRAVA 

The aim of this study is the most detailed proposal technology that would assist in the 
work existing employees as logistics providers and freight forwarders. Last but not least, the 
focus is on reviewing the work and handling of transported goods (shipments) from customers. 
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� Improvements orders 

At the branch for a long time there has been no modernization. There are relatively 
many opportunities for improvement orders, because the time has long since evolved 
technologically.  

As one possibility is that immediately upon receipt of shipment forwarder shipment will 
be marked with RFID tags. Inside this tag will be immediately recorded information that is 
known at this point - and it is from whom the consignment originates (name, address, country), 
and for whom it is intended, therefore the name of the addressee. The state also where to 
deliver and any other necessary information such as - whether it is one of the special 
accounting items, such as explosives, batteries, fireworks, chemicals and many others. This 
would mean that every such vehicle would have to be equipped with a laptop linked to a 
recording device, through which the data are recorded on the RFID chip. Upon arrival the car 
to the pits would itself be plugged into the internal system and uploaded assumed shipments 
to the internal system, and all data is completed. Thus it could rid the need for additional branch 
writing accepted shipments into the system and a greater proportion of the workforce could 
ride with a driver such supplies and help him with the entry into the system. 

As a second option would improve the possibility of transferring key partners before 
placing the needed RFID tags, which would have been complete themselves with a simple 
software. Upon arrival, the driver and transporting of all shipments in the car would determine 
whether the number declared by the supplier corresponds to reality and should no longer have 
to manually recalculate the individual shipments. One other possibility is that when creating 
the order and will no longer be printed specific tags that will be prefilled data from the Client 
and only on receipt of the shipment forwarder glued to the consignment RFID tag. 
Consignment loaded into the car and then forwarding agent will proceed to the next gig. The 
combination of all the above improvements would the system look so that in the morning before 
leaving forwarder for shipment on its stint would get with names and addresses, where a 
consignment pick. Prearranged RFID tags, which are recorded data that has been reported in 
the order forwarding. When operational orders would hauler already on his way to his stint 
equipped with a computer and a device that can write RFID tags. When accepting 
consignments which were prepared before the forwarder himself or with the assistance of 
assistant in the car created a tag glued to the consignment. Upon arrival at the depot itself a 
car registered to his post, and recorded by the system carries many items, from whom and for 
whom they are intended. Further information about whether they are dangerous goods or a 
country which is not a member of the European Union. After loading it was transmitted 
screeners packages for further processing. 

� Improvements removal 

With this system would have eliminated need to allocate individual consignments to the 
car, which will be taken. When would-shot through a given cage with shipments to the car. The 
car would itself is has loaded, it is loaded and wrote off these shipments from headquarters. 
This system would also have eliminated the daily allocation of all shipments remain at the 
depot. Whatever the reasons, errors in paperwork, or members, in which just waiting to be 
picked up by customers. If this system is introduced into operation, this would surely cheaper 
cost, speed forwarding, and the company recorded a plus for customers. The system could 
automatically in real time to inform customers what their consignments happening. And 
calculates the approximate time it is possible to determine from the statistics. By implementing 
this system would reduce the time that is needed to load all incoming shipments for good or 
bad depot. Would no longer be necessary, all shipments again manually scanned into the 
system, but it would be enough to ride with them one gateway or directly translate into a pre-
prepared car that would read these shipments and notified before starting the system that are 
in it, and in the car. 
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CONCLUSION 
This work has targeted for mapping the current situation prevailing in the firm TNT 

Express Ostrava and suggest possible simplification of both the logistics, so after having the 
operation. When using the proposed amendments would significantly simplify the whole 
process. I believe that even a substantial acceleration due to reduced dependence on human 
cell. Man is fallible and positions that would be replaced, refer to the lowest class and working 
class. And they would be replaced by more educated and experienced operator. In both cases 
would increase as the value of portfolio companies and with proper adjustment of the system 
to make it more efficient and more robust. Leading to cheaper services and improve their 
quality. Making would eventually increase the number of customers using the services of this 
company. And last but not least, which is actually paramount in the company and it's a total 
saving of issuing monthly finances. 
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COMPUTER VISION IN LOGISTICS 
POČÍTAČOVÉ VIDĚNÍ V LOGISTICE  

Ing. Lukáš Kubá č2 

lukas.kubac@vsb.cz 

Abstract 

This paper outlines the concept of Computer vision and its application in logistics. This 
technology it is used not only in scanners for identification, but also for example in the transport 
robots or drones.  

Abstrakt 

Tento článek stručně přibližuje pojem Počítačové vidění a jeho využití v logistice. Tato 
technologie nachází využití nejen ve čtecích zařízeních pro identifikaci, ale například 
i v přepravních robotech či dronech.  
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INTRODUCTION 

In the most developed countries, many production facilities responds to an incoming 
fourth industrial revolution, so called. Industry 4.0, the gradual modernization of manufacturing 
processes using advanced software and smart machines. Above all, they are trying to 
automate the production to the extent that they are interconnected all production units so as 
to communicate with each other and ideally also became autonomous in decision-making. 
These steps towards Industry 4.0 mean that logistics is also confronted with major changes. 
The Internet of things will be exponentially increase the data volume. If the logistics companies 
want to keep up with their customers, they will have to adapt their processes and IT to the new 
demands. The key factors are speed, safety, reliability, increased efficiency and a focus on 
customer service. For their fulfillment can contribute significantly the use of computer vision. 

 

COMPUTER VISION 

Computer vision is one of the most advanced area of computer technology and 
software development. It is used for object recognition from the captured image that means for 
processing video or photos. 

According to the complexity, the computer vision can be divided into two levels 
according to the level of processing. The lower level, which we understand as a mere image 
processing, which is not used semantics of objects, ie. that images are not interpreted. It uses 
the method for signal processing, e.g. 2D Fourier transform. The aim of lower level  is to 
analyze two-dimensional data input numeric character, remove noise from an image, 
recognize simple objects in an image and find the necessary information for a higher level. 
Higher level is already perceived as an understanding of the image content. It is much more 
complicated and is based on knowledge-based systems and artificial intelligence techniques. 
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Basic steps for image processing can be characterized as follows (Fig. 1): 

1. Scanning and image digitalization – The basis for image processing is inherent 
obtaining an image of the real world, converting it into a digital form suitable for storage 
and further processing in a computer or other computing system. 

Scanning of image is a transfer optical quantities on electric signal which is continuous 
in time and level. In general, to obtain an image can be serve any device that contains 
the image device or sensor. At present, are mainly used CCD sensors (Charge-
Coupled Device) or CMOS (Coplementary Metal Oxide Semiconductor). According to 
the type or number of sensors we acquire images two-dimensional, three-dimensional 
or sequence of images (video). At first are captured photons of scattered light from the 
lens to the image sensor and then to transfer them according to their intensity (ie. Their 
wavelength) on an electric charge. The intensity of electric current is manifested like 
brighter and darker places in the image. For further image processing it is necessary 
to convert the obtained analog signal to a digital signal in the form of 0 and 1 and store 
him to memory. The sensors are usually night-blind and therefore for image storage 
we use RGB color model with 8 bits per color. Using the RGB model we get a great 
range of colors (2563 colors). 

2. Image preprocessing  - The aim of preprocessing is to suppress the noise generated 
during digitization and image transmission, to remove distortions that arose during 
shooting. Among the basic method of image preprocessing belong convert to 
grayscale, adjust the brightness and contrast, filtering, suppressing the influence of 
lighting, sharpening etc. 

3. Image segmentation on objects - In computer vision segmentation refers on the 
process of dividing a digital image into multiple segments. The aim is to simplify the 
information from each pixel into something that will be more meaningful for analysis 
and further processing. Segmentation is usually used to find objects in the image and 
their boundaries (lines, curves). This means that merge groups of pixels into so called 
Super pixels, that give us a closer information about the pixels in groups. Thanks similar 
properties, it is possible these segments further processed. The segments we create 
from information such as: color, intensity or texture. The result of segmentation is a set 
segments that together cover the entire image. 

For segmentation we can use several methods: 

• Segmentation by Thresholding (color, brightness) 

• Segmentation based on edge detection 

• Segmentation by accretion of areas (merge areas, cleavage of areas) 

• Segmentation by comparing with the pattern 

4. Description of objects - Description of segmented objects from image preprocessing 
is the penultimate link in a chain of image processing and means obtaining mark from 
segmented data. Marks serve to classify objects, and must therefore depict exactly the 
characteristics of objects. There are two basic ways of describing. There are two basic 
ways of describing. One is based on a quantitative approach (merked), which means 
the description of objects by using a numerical characteristics. These can be eg. size 
of the object, the compactness, etc.. The second option is a qualitative approach 
(syntactic), in which are described relation between the objects and their shape 
properties. Way of describing it is always chosen according to what will be used for. In 
most cases is this description the input information for recognition (classification) of 
objects. Choosing description is then depends on used the recognition algorithm. 

5. Classification of objects  - The final step in the image processing is the classification 
of objects, thus recognition and image understanding. The aim of classification is to 
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understand the semantics of the image, based on common marks of individual objects. 
The process consists in sorting objects into predetermined classes of objects and the 
class is understood as a subset of elements whose attributes have in terms 
classification the common features. Classification allows us classifier, which decides 
on sorting of objects to the class. Standardly for classifier are presented objects that in 
advance knows and if it is presented an unknown object, usually fails to recognize the 
object. Of course there are systems that are able to adapt. 

 
Fig. 1  Basic steps for image processing [1] 

 

APPLICATIONS IN LOGISTICS 

In applications such as scanning barcodes were during the last decade, numerous 
attempts to replace 1D barcodes by a new technology like RFID or 2D barcodes. However, 1D 
barcode has been and remains the dominant method for tracking packages throughout the 
warehouse or logistics chain. Laser scanner is still the most widely used method for scanning 
barcodes, because it is cheap, fast and reliable. 

Change of this situation may cause, for example, the sustainability initiative, which tries 
to reuse of shipping cartons or containers. Sending cartons with several barcodes are a great 
challenge for traditional laser scanner, which must isolate the correct barcode on the package. 
In this area, on the contrary, can prove their abilities machines with a image sensors, where 
camera systems are able to recognize a valid barcode in a crowded field to on re-used the 
container. 

 In the entire area of logistics automatic sorting equipment must offer continually greater 
capacity in terms of speed, quantity and safety data. It must be ensured effective feedback 
monitoring  throughout chain create of values, right up to the final customer. The key to future 
success are clear advantages of intelligent reading devices based on image processing in 
comparison with conventional laser scanners. An example might be a common situation at 
checkout at the supermarket, when you can not read the barcode label by laser scannerand 
and the code must be entered manually. The reason why could not laser scanner to read 
barcode could be that was damaged, faded, dirty, fuzzy, warped, poorly printed, etc. (Fig. 2). 
When we relate the this situation to the entire field of logistics or industry, so similar downtimes 
when reading codes in terms of economy, efficiency and quality for automatic sorting machine 
are unacceptable. These failures, when reading codes, can result in a range of negative 
impacts associated with eg higher costs or liability for the quality. Device based on computer 
vision and utilizing advanced algorithms are able to read these damaged codes, unlike laser 
scanners.   
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Fig. 2  Sample a variety of damage 1D and 2D codes [2] 

 

Besides simple reading of 1D and 2D barcodes for identification, it is possible to use vision 
systems also on other requirements, such as:  

• Additional identification of uncoded text - so called OCR (Optical Character 
Recognition),  

• correct placement of labels (eg. their orientation)  

• verification of the presence of the logo 

• quality control 

o control of surface defects - scratches, cracks, packaging integrity 

o dimensional control relative to standards and tolerances  

(measurement accuracy up to 0.05 mm) 

o control of the packaging - shape, color 

• automatic sorting packages, etc. 

On Fig. 3 is a prime example of sorting lines, which showing control of correct position of the 
cap using a camera system. If is cap okay (A), the product go on conveyor for palletizing. When 
it is detected incorrectly fitted cap (B), the product is automatically eliminated.   
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Fig. 3  Example of automatic selection based on the control by a camera system [3] 

 

Similarly as in the above case transported boxes can be sorted as well on the basis of their 
size and thus achieve efficient use of transport space of trucks or containers.  

Some of the advantages of scanners based on image processing: 

• High speed reading 

• High reliability 

• Omnidirectional reading the code and reading using OCR 

• image storage - successful or unsuccessful capture of code 

• feedback about the quality of codes 

 

Code readers using computer vision can be used just like standard laser scanners, 
stationary or handheld. An example of the executive stationary readers is DataMan 500 (Fig. 4) 
by company Cognex, which is based on its own chip technology for computer vision, Cognex 
VsoC (Vison System on a Chip). This technology ensures ultra-fast automatic exposure and 
speed shooting up to 1000 frames per second. Results of read can be sent speeds of up to 90 
per second, and each result contains up to three chain of codes,  giving a total of 270 readings 
per second. Significant is the ability to load up to six different codes in one image, and 
independently of their position. Compared to laser readers, users can monitor exactly what he 
sees device, either in real time on a monitor, or as well later, thanks to archival image - it allows 
important feedback for analysis of potential harm of codes and on this basis to take appropriate 
measures. This type readers have no moving parts, so that they have double the lifetime and 
a much higher reliability than laser reader. Curiously, the DataMan 500 is the first sensor for 
the logistics industry, which utilizes technology of auto-focus with liquid lenses that maximize 
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the depth of focus for greater reliability in situations where the changing position of an object. 

 

Fig. 4  Cognex DataMan 500 [4] 

 

Use of computer vision in logistics can be found not only in device for the identification 
and control, but also in transport devices. For example, company Amazon in several of her 
warehouses already operates a mobile Kiva robots which outweigh high shelves unit with 
goods (Fig. 5). 
 

 

Fig. 5  Kiva robots and their orientation in the warehouse using QR codes [5] 

These robots go to below the standardized shelving unit and based on the automated 
instructions take him to the destination. They move in a specially reserved area and for 
orientation in the area using computer vision, because on the route are QR codes at regular 
intervals stationed on the floor, according to which then orientate where they must turn onto. 
For obtaining this information, the robot must pass over the QR code and load data. Robots 
are also littered with side sensors, through which they communicate with their environment 
and with each other. Therefore there are no collisions and traffic is smooth and efficient. At the 
same time oversees all robots fully automated central system, who knows where they all robots 
are and ensures that there are no collisions and errors. Amazon warehouses that use the 
robots can hold about 50 percent more goods than traditional warehouses. This is because 
the spaces between shelves that need for move of people are useless, because Kiva robots 
are moving directly below the shelving unit. Thanks to the involvement of machines to handling 
process is time processing tasks that previously took hours, shortened to minutes. 



20 

Towards to fully automating these warehouses still missing one more step - creating of 
robots that can handle the most difficult part of work, which still dependent on people, and it is 
picking individual products from shelving unit. This ability requires skill, speed and object 
recognition. Already exists the first versions of the robots with arm, which can rotate in any 
way as needed and with 3D cameras, by which there is a distance measurement and to 
recognize objects from images. However for now, these functions of the robots are not working 
so well and rapidly as is the case in man. 

Another areas in logistic, where we will use computer vision is transport of packages 
via drones. Big companies like Amozon, Google or DHL would be very happy if they already 
now could use drones for delivering packages (Fig. 5). Leaving aside the legal obstacles (flight 
levels, air traffic control, etc.) that in many countries currently make it impossible for mass use 
of drones in the supply chain, so the biggest obstacle is the problem with the "vision" of these 
machines. For the future it is necessary that the drones were able to separately to avoid 
unknown obstacles and fly in unfamiliar surroundings - just as it  partly already are  able to the 
most advanced autonomous vehicles. For this proves necessary to ensure sufficiently powerful 
hardware and software capable of processing and analyzing large amounts of data in real time. 
To this should contribute use neural networks to machine learning. However, at present the 
drones are dependent on GPS navigation and by a relatively primitive  technology for avoiding 
obstacles that are built on the same technology as a parking assistant for cars. 

 

Fig. 6  Delivery of packages via drones [6] 

 

CONCLUSION 

Technology integrally associated with the industry 4.0, which include computer vision, 
continue to grow very quickly and bring a for logistical and other companies new possibilities. 
At the end of this voyage is a full automation. Now it is impossible to predict exactly when this 
will happen, but companies that adapt to this trend in time, will undoubtedly have a competitive 
advantage. 

Computer vision brings to the process of identification many advantages such as 
increased speed, accuracy, or for example feedback thanks to analysis of captured images. 
More advanced use of computer vision in autonomous machines such as transport robots in 
warehouses or drones for the transportation of packages directly to customers without the 
need for human involvement into the process of their operation, will allow future integration of 
these devices into the Internet of things and thereby further improve the efficiency in the 
logistics supply chain. 
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Abstract 

Using modern digital technologies concerning many sensors brought us a great opportunity to 
mine useful outputs from Big Data collections. A couple of years, we are talking about the dawn 
or the rise of Big Spatial Data. Respecting the importance of such a technological shift from 
desktop analysis to cloud or online analysis, some difficulties within this issue have appeared. 
Firstly, these huge data sets are mostly collected and processed by private organizations or 
research facilities in developed countries and it is not easy to get the data (business secret, 
institutional restrictions, cost, etc.). Secondly, the data processing requires a development of 
specific environment followed by building upgraded hardware and software equipment 
enabling faster computation. On the other hand, for given purposes it is possible to use current 
solutions connected with available free web-based services and free accessed data sets. The 
paper covers the Big Spatial Data issue from a user´s point of view concerning data availability, 
setting a working environment based on Esri´s technologies and The Apache™ Hadoop® 
project and possible ways of spatial point pattern visualization. It is understood that the desktop 
processing is insufficient and a variety of point data aggregation must be applied (Aggregation 
by polygons, Aggregation by cells). With respect to available GIS tools for Hadoop, it is 
possible not only to aggregate data but also apply a cluster analysis (e.g. Hot Spot Analysis) 
in order to get smoothed surface of “heat map” appearance. 

Abstrakt 

Využívání moderních technologií (např. senzorové sítě) ke sběru dat přinášejí velkou 
příležitost pro práci s velkými objemy dat (Big Data collections). V této souvislosti se již pár let 
hovoří také o vzestupu prostorových Big Dat. Nezanedbatelný je také přesun zpracování Big 
Dat z desktopových řešení do cloudového prostředí, které v počátcích provázely a provází jisté 
problémy. Snad nejvýznamnějším z nich je původ těchto datových sad, jenž převážně pořizují 
soukromé společnosti nebo výzkumné instituty, což snižuje jejich dostupnost. Na druhou 
stranu některé formáty datových sad jsou také v podobě otevřených dat veřejné přístupné. Za 
druhé, zpracování těchto dat vyžaduje vývoj a údržbu programového řešení v souvislosti s 
nejvýkonnějším hardwarem. Příspěvek se zabývá klíčovými postupy pro práci s bodovými 
objekty v rámci Big Dat využívajícími platformu Esri technologií, konkrétně nástroje GIS pro 
projekt Apache™ Hadoop® a rozebírá přístupy pro vhodnou vizualizaci a následnou 
interpretaci dat s ohledem na dostupné techniky založené na agregaci dat, shlukové analýze 
nebo vyhlazování povrchu (tzv. heat mapy). 

Keywords 

Big Spatial Data, Hadoop, point data aggregation, MapReduce, GitHub, imMens 

Klíčová slova 

Big Spatial Data, Hadoop, agregace bodových dat, MapReduce, GitHub, imMens 

INTRODUCTION 

Revolution or evolution in computer science and technology provide the community an 
unforgettable opportunity posing challenges to mine more accurate information from huge data sets. 
For decades, researches, businesses and many other institutions have collected large data sets and 
maintained them for data driven research. Especially geospatial data requires information on location 
                                                
3 College of logistics p.b.c., Přerov 
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and attributes which considering high costs limited collecting data over large spatial extents. 
Geoinformatic (geomatic) science has moved from developing tools and techniques at desktop level 
to data-intensive science focusing on software and hardware solutions for working with Big Data 
(Goodchild, 2010). Every day we are facing to increasing volume of sensors data produced by many 
city infrastructures or real-time data from applications such as Facebook, Twitter, Flicker etc. These 
location based applications and services became also a specific way of volunteer geographic 
information. New wave brought Big Data for Mobile Computing Research in which the rich 
smartphone data can be collected or bought from mobile operators (Kiukkonen et al., 2010). The 
research on the Mobile Data Challenge proved that open data sharing with the research community 
and therefore wider open innovation momentum around the same commonly available data set is 
possible (Laurila et al., 2013). All of these Big Data needs new approaches which are suitable in data 
rich situations.  Big Data is generally understood as a collection of data sets with great volume and 
complexity that makes difficult to manage and process data using desktop applications. Laney (2001) 
and Dumbill (2012) highlights three significant characteristic of Big Data: high volume, high velocity 
and high variety known as three Vs. Zikopoulos et al. (2011) add value, variability or virtual as the 
fourth V. Rising the power of sensor networks, neural networks, cellular networks etc. create data-
intensive science age requiring reliable techniques and technologies for data processing. Big Data 
issue is also associated with Big Data problems which include data capture, storage, sharing, 
analysing, searching, visualising etc. Currently Big Data is being captured by mobile devices, aerial 
sensors technologies, remote sensing devices etc. which create more than 2 quintillion bytes of data 
every day. The way of capturing and storing data must have been rapidly changed because in many 
fields, data must have been deleted because of missing space capacity. In order to increase I/O 
speed opposite to hard disk drivers random I/O performance enterprise storage architectures (direct-
attached storage, network-attached storage and storage area network) were used. Although cloud 
data storage is very popular the development of cloud technologies still faces data security problems.  
Generally, storing and managing unstructured data is driven by NoSQL database system (ie. Apache 
Hadoop, Google BigTable, MapReduce, MemcacheDB etc.) in which data storage and management 
are separated into two independent parts. The name “Not Only SQL” proves that SQL principles 
were not eliminated but some NoSQL systems are entirely non-relational because many limitations 
associated with RDBMS (Relational Database Management System) appeared and scalability and 
flexibility have become major concerns. Of course, we are impressed by the volume of Big Data but 
together with hardware the software must have been also improved. Very popular is cloud computing 
using aggregating of multiple disparate workloads into a large cluster of processors which is based 
on currently developed distributed computing (Philip Chen and Zhang, 2014). Respecting all open 
GIS solutions, many users use Esri products and also expect some solutions for beginners 
associated with Big Data issues. The first aim of this paper is to review the issues that concern using 
the GIS Tools for Hadoop toolkit. The second aim is focused on possible forms of visualization Big 
Spatial Data using cartographic principles on the example of available NYC taxi data. 

GIS TOOLS FOR HADOOP 

The Apache™ Hadoop® is a project developing open-source software for distributed 
processing of large data sets across clusters of computers. Hadoop which was developed for 
search engine at Yahoo! is primarily used for distributed storage as well as distributed 
computation. The design is based on using simple programming models scaling up from single 
servers to thousands of machines, enabling both local computation and storage. In 2013 David 
Kaiser and Big Data team released the GIS Tools for Hadoop Project on GitHub 
(http://esri.github.io/gis-tools-for-hadoop). This solution is an open source framework and API 
that enables big data developers to author custom spatial applications for Hadoop. The added 
value within this solution is that ArcGIS can leverage Big Data on Hadoop and combine custom 
Hadoop applications with the ArcGIS Geoprocessing environment, for example aggregating 
operations on more than 109 of spatial data based on location. 

 A distributed file system providing high-throughput access to application data is 
operated by Hadoop Distributed File System (HDFS) module. HDFS is an open-source 
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implementation of Google File System, which was proposed by Ghemawat, Gobioff and Shun-
Tak Leung (Ghemawat et al., 2003). HDFS is built on a master/slave architecture. HDFS 
cluster consists of a single NameNode, a master server managing the file system namespace 
and regulating access to files by clients and a number of DataNodes managing storage 
attached to the nodes that they run on (Fig. 1). The basis for distributed processing are 
MapReduce libraries written in many programming languages. MapReduce is a programming 
model for processing and generating large data sets with a parallel, distributed algorithm on a 
cluster (Dean, Ghemawat, 2004). A MapReduce which has been designed by engineers at 
Google program is comprised of a Map() procedure that performs filtering and comparing and 
a Reduce() procedure that performs a summary operation. Special attention is given to 
development of algorithms dealing with faster data processing. I t considers not only data 
aggregation but especially overlaying procedures. Wang et al. (2015) designed MapReduce 
algorithm with grid index that proposes to decrease the running time. Finally, the Hadoop 
solution includes several modules and related projects making the process easier. A web-
based tool for provisioning, managing, and monitoring ApacheHadoop clusters is controlled by 
Ambari web-based tool, a data warehouse infrastructure is managed by Apache Hive module 
etc. Apache Hive is a part of the Hadoop system and provides an interaction with data in 
Hadoop. Big advantage of HDFS is less probability of complete failure because the system 
might include hundreds or thousands of server machines. Each of them stores part of the file 
system’s data which highlights the core architectural goal of HDFS. Recent advances in high 
GIS performance can be seen in GeoJinni aka SpatialHadoop which has been designed upon 
Apache Hadoop to perform batch analysis of large spatial data (Jhummarwala et al., 2014). 

 

Fig. 1. HDFS architecture  

(source: http://hadoop.apache.org/docs/r1.2.1/hdfs_design.html#Hardware+Failure) 

GIS Tools for Hadoop is an Esri product which is an open source solution enabling big 
data developers to author custom spatial applications for Hadoop. In fact, it supports 
processing of simple vector data (points, lines, polygons) and basic analysis running in a 
Hadoop distributed processing environment. The toolkit consist of three projects (technology 
components): Esri Geometry API for Java, Spatial Framework for Hadoop and Geoprocessing 
Tools for Hadoop (Fig. 2). Each one of these represents a separate GitHub repository. 
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Fig. 2. GIS Tools for Hadoop structure 
(adjusted according to https://github.com/Esri/gis-tools-for-hadoop) 

 

The library of Esri Geometry API for Java allows to construct a geometry for many 
formats. JSON format well known as the backbone of accessing social information is included. 
It also works with geometry objects, allow spatial operations and spatial indexing. Considering 
both relationship analysis and operations, many operations such as equals, disjoint, touches, 
crosses, buffer, cut, clip, intersect etc. are available. Also a custom MapReduce applications 
using Java can be built which can be used as a standalone library, or combined with other 
projects to create a SQL like workflow. Library within Spatial Framework for Hadoop works 
with user defined functions (UDFs) extending Hive. This offers to construct queries using Hive 
Query Language (HQL), which is very similar to SQL and thus, avoid complicated MapReduce 
algorithms. Geoprocessing Tools for Hadoop are downloaded as a toolbox and applied in 
ArcMap. These tools allows to connect data between Hadoop and ArcGIS, convert data to and 
from JSON format or submit workflow jobs. JSON files store collections of features and 
becomes a very simple and powerful way to represent data and run ad hoc analysis. 
Manageable datasets can be finalize and visualize in ArcMap including publishing maps Online 
or creating web and mobile applications.  

From GIS Tools for Hadoop 2.0 version significant improvements in performance of certain 
types of Hive queries have been implemented. Now point in polygon aggregation query takes 
only 4 minutes on 175 million points instead of previously taken 75 minutes. 

 

SAMPLE BIG SPATIAL DATA VISUALIZATION 

 In case of installing, a virtual machine with a Hadoop Environment (e.g. Hortonworks 
Sandbox with VirtualBox) or optional Cygwin for Windows is required. After opening a virtual 
machine it is necessary to make note of the IP address which will later allow us to access the 
Sandbox using ssh. Following steps (see on https://github.com/Esri/gis-tools-for-
hadoop/wiki/Correcting-Projection-in-ArcGIS) include creating a new folder and cloning the github 
repository. 

 Although Big Data databases are difficult to get, some sample data might be 
downloaded for example from http://www.andresmh.com/nyctaxitrips/. These unique 
datasets are located in New York City (NYC). When seen in detail, taxi data set comprises 
following attributes:  drop-off longitude, drop-off latitude, pickup longitude, pickup latitude, 
drop-off time, pickup time, etc. Zipped files contain more than 2 GB of data in CSV format 
containing around 170 billion records. Taxis are valuable sensors and information 
associated with taxi trips provide unprecedented insight into many different aspects of city 
life, from economic activity and human behaviour to mobility patterns (Ferreira et al., 2013). 
It allows to study simple spatially based analysis. For example, finding a new location for 
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pickup and drop-off station for shuttle bus concerning spatial planning based on available 
taxi data.  

 Pushing data from a local directory (gis-tools-for-hadoop/samples/data/taxitrip) into 
Hadoop is possible using the Hadoop HDFS command line with command as follows: hadoop 
fs –put trip-fare/*hdfs://hadoop10:8020/user/taxi/taxifare/ and completing following steps 
(GitHub, 2015). To do this create a folder, and then move the folder containing the csv as 
follows: 

hadoop fs -mkdir taxidatatest 

hadoop fs -put gis-tools-for-hadoop/samples/data/ta xi-trip taxidatatest 

hadoop fs -ls taxidatatest 

 Next, data must be registered using Hive in Hue web application. In fact, we create a new 
table from a CSV file which needs columns identification. Starting hive in a terminal is 
connected with adding the appropriate jars: 

hive 

add jar 

    gis-tools-for-hadoop/samples/lib/esri-geometry- api.jar 

    gis-tools-for-hadoop/samples/lib/spatial-sdk-ha doop.jar; 

After checking that the table was created correctly, loading the taxi CSV data into the table will 
follow: 

LOAD DATA INPATH 'taxidatatest/taxi-trip/trip_data_ 1.csv' OVERWRITE INTO 

TABLE taxi_datatest; 

Then create temporary functions for aggregating bins: 

create temporary function ST_Bin as 'com.esri.hadoo p.hive.ST_Bin'; 

create temporary function ST_Point as 'com.esri.had oop.hive.ST_Point'; 

create temporary function ST_BinEnvelope as 

'com.esri.hadoop.hive.ST_BinEnvelope'; 

and run checking the aggregation: 

FROM (SELECT ST_Bin(0.001, ST_Point(dropoff_longitu de,dropoff_latitude)) 

bin_id, *FROM taxi_datatest) bins 

SELECT ST_BinEnvelope(0.001, bin_id) shape, 

COUNT(*) count 

GROUP BY bin_id; 

Completing finalizes with repeating the query and saving results in a new table: 

FROM (SELECT ST_Bin(0.001, ST_Point(dropoff_longitu de,dropoff_latitude)) 

bin_id, *FROM taxi_demo) bins 

INSERT OVERWRITE TABLE taxi_trip_aggreg 

SELECT ST_BinEnvelope(0.001, bin_id) shape, COUNT(* ) count 

GROUP BY bin_id; 

 Working with spatial data requires defining spatial components and spatial reference using 
ArcGIS for Desktop. The Hadoop tool box is not running on desktops but it is a service in the 
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Hadoop. Displaying all the data in ArcMap took 25 minutes and the view does not bring any 

satisfying results. (Fig. 3). This visualization suffers from points overlapping and no spatial 

patterns cannot be distinguished. In this case, it is impossible to gain any information from this 

mass of points. 

 

Fig. 3. NYC taxi data displayed in non-reduced appearance 

 

 Considering cartographic and GIScience approaches, fixing the overplotting problem 
can be solved as follows. Keim (2000) recommends to use pixel-oriented visualization technics 
which plot data points as single pixels. Spatial displacement techniques concerning topological 
distortion or jitterring reduce data point’s occlusion but do not preserve spatial information (Liu 
et al., 2013). Slightly offsetting their position is commonly used to prevent overlapping mostly 
in smaller datasets (Porthuis, Zook, 2015). Another approach uses kernel density estimation 
or krigging interpolation in order to create a density surface. Application of this approach is 
more suitable for natural phenomena, with some limitations it can be applied for social 
phenomena. Alpha blending (using transparency) encodes density but more than work with 
data space performs aggregation in image space. Instead mentioned techniques requiring 
drawing every data record imposing inherent scalability limits, data reduction methods might 
be applied, including filtering and sampling, aggregation, modelling or their combination. In 
filtering and sampling techniques, simple random sampling, systematic sampling and stratified 
sampling provide possible sampling options (Lohr, 2009). Simple random sampling does not 
make results including all important records or outliers. Every data point might be selected. 
Systematic sampling sorts data points to regular interval classes and stratified sampling 
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completes this group of techniques by dividing data points into disjoint subgroups (strata) 
applying above mentioned sampling approaches. Binned aggregation procedures are based 
on predefined bins such as given polygons (administrative or other regional units) or gridded 
polygons (cells) becoming an appropriate solution. This approach enables to compare the 
point data with other datasets of the same polygons. Aggregating points to a lattice of given 
area uses both hexagons and rectangles (Wilson, 2013). Hexagonal lattices have over 
rectangular grids some advantages. In cartographical terms, rectangular cells much more 
distracts reading the map in order to distinguish spatial patterns (Carr et al., 1992). From 
analytical point of view, hexagons bring higher accuracy because the closer a polygon is to a 
circle, the more accurate identification of proximity distance is between border points to its 
center. Porthuis and Zook (2015) propose to apply normalizing the cells using an odds ratio as 
a fortunate side effect of the aggregation to polygons. Another reduction strategy describes 
data in terms of mathematical or statistical modelling (Liu et al., 2013). For example, theoretical 
density of data points might be visualized. The combination of above mentioned methods 
results in hybrid reduction methods (Novotný, Hauser, 2006). Kairam et al. (2012) use 
modelling and aggregation through multi-scale histograms of network statistics. 

 After opening a virtual machine terminal a folder with the data must be moved to HDFS 
by using the put command. Starting a Hive and creating a new table that the taxi data will 
reside in finalize with loading the taxi CSV data into the table. To avoid confused points 
aggregation, Aggregate Points by Polygons tool using a polygon feature (e.g. census tracts or 
administrative regions) for aggregating is very similar to spatial join. The goal is to summarize 
the points by polygons of interest. Drawn image better distinguishes point density but 
depending on size and shape of polygon, different information about accurate position may be 
achieved. The larger the polygon is, the less accurate position of points is delivered by the 
reduction. Another tool developed for data aggregation is Aggregate Points by Cell tool when 
gridded polygons of given size represent aggregated cell that summarize the points within the 
cell bounds (Fig. 4).  
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Fig. 4. Taxi data aggregated into gridded polygons (cells), the darker colour, the higher 
number of aggregated points (source:www.blogs.esri.com) 

 

 Statistically valuable significant results can be identified by Hot Spot Analysis or must 
be imported to local geodatabase for furthers geostatistical analysis (e.g. density analysis). On 
the other hand working in Hadoop has also some limitations. Hadoop only allows for append 
and read and a user cannot edit the data. It is not also possible to select features by attributes 
or by location. Instead, a user can use the Select or Export to geodatabase tool in Hadoop 
toolbox. 

 Another Big Data implementation for visualization can be taken in imMens that is a 
browser-based system for interactive visual extrapolation of Big Data using WebGL for data 
processing and rendering on the GPU. imMens, available on https:// 
github.com/StanfordHCI/imMens and also using GitHub environment, loads data tiles from a 
server and displays binnend plots within standards-compliant browsers and provides a 
combination of multivariate data tiles and parallel query processing (Liu et al., 2013). Instead 
precomputing image tiles, as in Google Maps, precomputing multivariate data tiles including 
projections corresponding to materialized database views is performed. This easily supports 
brushing and linking. Also temporal values can be binned at various levels of time period (year, 
month, day, hour, etc.). Relevant visualization designs can be organized for 1D plots or 2D plots. 
One-dimensional binned plots are represented by histogram, bar chart, line graph or choropleth 
map. Two-dimensional binned plots examples are scatter plot, heatmap (Fig. 5), temporal heatmap 
or geographical heatmap. Both, time and spatial attributes are performed by forming data cube. In 
order to decrease the number of bins (dimensions), decomposing the full cube into sub-cubes 
speeds up the processing. To handle large bin counts, segmentation results into forming 
multivariate data tiles. Considering higher speed of visualization, data tiles are packed in an image 
format and stored in WebGL context as textures which makes data accessible for parallel 
processing. 

 

Fig. 5. Heatmap of point data aggregation (source:www.blogs.esri.com) 
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CONCLUSION 

 The contributions of this paper are two-fold. First, two approaches using data reduction 
for Big Data visualization (GIS Tools for Hadoop and imMens) were introduced. Second, the 
detailed migration of NYC taxi data into Hadoop environment including possible data reduction 
was described. For beginners with Big (Spatial) Data, some opportunities decreasing the 
starting cost are available (web-based environment and free taxi data). Considering Esri 
products GIS tools for Hadoop have been developed in order to use web-based environment 
supported by existing desktop application. Some sample data sets (NYC taxi data) are also 
ready to download and thus possible to adopt the work in GitHub. Knowing the starting 
procedure comprising creating an account and a new repository, pushing data sets from local 
directory into Hadoop, their registering and applying aggregation procedure may cause some 
failings but when succeed a new dimension for the work with data is opened. On the example 
of adopting GIS tools for Hadoop binned aggregation has been examined. Binned aggregation 
was chosen because it conveys local features and global patterns in order to avoid 
overplotting. In order to keep the best accuracy within proximity measurement and analysis 
hexagons have some advantages over rectangles. Instead GIS tools for Hadoop, another 
solution as imMens offers to visualize spatiotemporal component of Big Data. 
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Abstract 

The legal framework of waste management is crucial for ensuring of the aims that are to be 
reached according to the European Union. Afterwards it is possible to determine optimal 
instruments to reach the aims and prepare appropriate flow of waste in the system of waste 
management. The questions of waste management are nothing new in the history of our 
civilisation. However the discipline of waste management is developing and the question where 
to bring the waste is more and more relevant nowadays. 

Abstrakt 

Legislativní ukotvení problematiky odpadového hospodářství je zásadní pro zajištění cílů, které 
je dle Evropské unie nutné dosáhnout. Následně pak lze stanovit optimální nástroje pro 
dosažení daných cílů a připravit tak vhodné toky odpadu v systému odpadového hospodářství. 
Problematika odpadového hospodářství není v historii lidstva novinkou, jako obor se ale 
neustále vyvíjí a s životem, jaký vedeme v 21. století, je otázka kam s odpady stále aktuálnější. 
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INTRODUCTION 
Many platforms for discussion about waste management are active nowadays. Some 

of them try to define waste, others deal with the questions about waste reduction or its further 
use. Waste management is a discipline in growth that attracts well-deserved attention. Waste 
is being produced during life of all of us, and it is not a dirty staff. Waste is a source of many 
materials. By using waste we can reduce the need of primary raw materials. Many experts but 
also laymen on all levels deal with the topics of waste management. There are many studies, 
analysis and projects of the Ministry of the Environment of the Czech Republic and many other 
institutions trying to solve the particular questions about the environment. Then there are many 
initiatives or associations, alliances or micro regions that solve the problems about what to do 
with waste. Legislation is the base for all who want to operate in this field. The legal acts of the 
European Union have to be implemented into the national legislation. Even though there are 
differences between the EU countries in particular ways of waste management organization. 
The aim of the paper is to map the history of waste management, offer the review of the 
legislation and to summarize the goals, which are to be fulfilled by the whole EU. The core in 
this paper is especially municipal waste. What is important is to find the balance between 
ecology and economics. These two factors are usually incompatible. 

                                                
4 College of logistics, Přerov 
5 Univerzita Pardubice – Dopravní fakulta Jana Pernera 
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WASTE MANAGEMENT IN THE SYSTEM OF REVERSE LOGISTICS  

We know already what the reverse collection of unused products is. We know, where 
to put old batteries, electrical equipment, mobile phones etc. The waste produced in our 
households cannot be brought back to where we have bought it (together with a product). In 
case we sort the waste, we use the principles of reverse logistics that ensures the optimal use 
of waste. 

The theoretical aspect of reverse logistics 

If we look at the classical logistics activities that begin with the development of new 
products and services, its realization in all stages of its life cycle, then the use by customers 
and finally liquidation of unused products and waste material we can get to the explanation of 
reverse logistics. In the Czech scientific literature, esp. Škapa is solving the questions of revere 
logistics and reverse flows. Many other authors use his papers to solve further particular topics 
of reverse logistics. 

Waste management in reverse logistics 

The term reverse flows is to be found in the scientific literature since the 70s of the 20th 
century. The paper published by the American marketing association in the proceedings  „New 
marketing for social and economic progress“ titled „Reverse channels for recycling: an analysis 
for alternatives and public policy implications“ was the first theoretical determining of the topics 
within marketing management. Authors of the paper were Guiltinan and Nwokoye in 1974 (De 
Brito, 2003). 

Since 90s the authors also use the term reverse logistics together with waste 
management. The Council of Logistics Management (CLM) published the first known definition 
of Reverse Logistics in the early nineties  as “… the term often used to refer to the role of 
logistics in recycling, waste disposal, and management of hazardous materials; a broader 
perspective includes all relating to logistics activities carried out in source reduction, recycling, 
substitution, reuse of materials and disposal.” (Stock, 1992). 

According to Škapa some authors pay attention only to the flows of material – esp. to 
products and packaging. They aim to the flows from consumers to their suppliers. Other 
authors stress so called recycling activities and the interest in the environment. Another 
authors connect the subject of reverse flows with the waste from raw materials from production, 
that can be used again, sold or it is necessary to be destroyd it or dumped (Škapa, 2011). 

Not all authors consider waste management as the part of reverse flows. The term 
waste itself is questionable from the view of legislation and its definition with regard to the 
definition of products and its features.  

Authors of this paper agree with the approach that assign the waste management to 
the system of reverse logistics. For ordinary people the waste is such product and material that 
cannot be used by them own, so it goes its way back from the consumer (back to the place of 
origin, further adjustment or disposal). 

 

STRATEGY OF WASTE MANAGEMENT 

In order to fulfil the efficient strategy of waste management, it is necessary to continue 
with the successful mechanisms of waste management together with fulfilling the existing 
legislation. The history can help us to learn from the last lessons. Legislation then gives us the 
framework for manipulation and setting up the particular actions. Waste management is 
nothing new in the Czech Republic, although the attention paid to this topics is increasing. As 
a member of the EU also the Czech Republic has to set such environment for fulfilling the 
common obligations and goals. 

Beginnings of waste management in Czech countries 
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Waste incineration has its beginning in this area since 1905. The first incineration 
plant was constructed in the former Austria-Hungary Monarchy in Brno. The Prague 
incineration plant followed in 1933 which was in operation till 1997. Waste composting and 
use of bio waste generally has a long tradition as well. The modern waste composting in the 
Czech countries has the longest tradition in Europe. The first composting plant with a 
controlled technology was constructed in 1912 (Chudárek, 2013). After the WWII the 
collection of secondary raw materials started to be very effective. The efforts to use the 
secondary raw materials and also residual waste in material of energy way followed after 
the published news about natural raw material exhaustion. Although the news were refuted, 
the use of secondary raw materials with the contribution to the environment are still up-to-
date. Until 1989 the approach to waste management was rather negative. The kind and 
volume of waste were very different from the nowadays ones as well as the approaches 
towards its disposal. First after 1989 the need for setting the rules and establishing and order 
in this area occurred. Earlier that the Czech Republic joined the EU, the EU legal acts started 
to be implemented into the national legislation. The Czech Republic should approach the 
EU 15 also in the questions of waste management.  

Legislative environment of waste management 

Since 2004, as the Czech Republic joined the EU, the legislation in the area of waste 
management has to be harmonised in order to fulfil the common European goals. The following 
paragraphs will deal with the legal acts in waste management in the Czech Republic, in the 
EU and with the actual goals that are to be reached. 

Beginnings of the legislative environment in waste management in the Czech Republic 

Since 1991 only the metallic waste was discussed in legislation. The questions of waste 
management started to be efficiently discussed first in the 90s of the 20th century. The first law 
on waste no 238/1991 Sb. determined the framework of waste management and basic 
obligations of the subjects during the waste treatment process. The Programmes of waste 
management were prepared, thus not followed in many regions. The Programmes were 
missing in the second law on waste no 125/1997 Sb., but were legally specified in the third law 
on waste no 185/2001 Sb. which is valid up to now. The law on packaging materials was 
adopted also in 2001 (law no 477/2001 Sb.). 

European legislative environment in waste managemen t 

The first steps for application of the European legal acts into the Czech ones are to be 
found in the second law on waste no 125/1997 Sb. The development in waste management is 
rapid in these years, and the European Commission is setting new goals in 2015/2016. 

Waste Framework Directive 

The basic legislation of the EU was created by the Waste Framework Directive 75/442/EHS 
which was valid in 1975-2010. This was replaced by the Directive 2008/98/EC in 2008, valid 
since 2010. The directive talks about the waste as the source of energy, which must be used. 
The Czech Republic fulfils this requirement thanks to the cooperation of municipalities with the 
EKO-KOM company. The maximum advantage is in the separated collection of paper, plastics, 
and glass and carton boxes. The bio waste collection is increasing too. There are many other 
European directives and regulations. The one common thing is evident – to use the waste as 
a secondary raw material.  

The current Czech and European legislative environm ent in waste management  

The above mentioned second law on waste no 125/1997 Sb. started to harmonise the 
national and European legislative environment in waste management. The set of laws, 
directives and regulations about waste management generally, about the particular types of 
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waste and its treatment, the catalogue of waste, form the basic Czech legislative environment 
in waste management. Next to the Waste Framework Directive, which is the base in waste 
management in EU28, thus the Czech legislation as well, it is necessary to mention also the 
following documents or platforms that can complete the situation in waste management: 

• Action programmes for environment and waste management 

• Plan of waste management 2015 – 2024 

• VIZE 2024 
 

Action programmes for environment and waste management 

The 7th Environment Action Programme was adopted by the European Commission in 2013. 
It identifies three key objectives6: 

- to protect, conserve and enhance the Union’s natural capital, 

- to turn the Union into a resource-efficient, green, and competitive low-carbon economy, 

- to safeguard the Union's citizens from environment-related pressures and risks to 
health and well-being. 

Plan of waste management 

The planes of waste management for particular regions of the Czech Republic are based on 
the Plan of waste management of the Czech Republic for the period 2015-2024 (POH CZ).  

The strategic goals of POH CZ are: „waste production prevention and lowering the 
waste volume; minimization of negative effects of waste and its disposal on human health and 
environment; sustainable development of the society and approaching towards the European 
“recycling society”; and maximal use of waste as a substitute of raw materials and transition 
into circular economy.7“  

Goals of POH CZ8 

Goals for municipal waste: 

a) Selecting collection for at least waste of paper, plastics, glass and metals till 2015. 

b) Increase at at least 50 % of the volume the reuse and recycling at least at waste of paper, 
plastics, metal, glass from households till 2020. 

Goals for mixed municipal waste: 

a) Limit significantly land filling of mixed municipal waste. 

b) Lowering the production of mixed municipal waste by implementing or broadening the 
selecting collection of usable elements of municipal waste, including bio waste. 

Goals for bio waste: 

                                                
6 Environment Action Programme to 2020. Retrieved from: http://ec.europa.eu/environment/action-programme/, 
[cit. 26. 5. 2016] 
7 Nařízení vlády ze dne 22. prosince 2014 o Plánu odpadového hospodářství České republiky pro 

období 2015-2024. Retrieved from: 
https://portal.gov.cz/app/zakony/zakonPar.jsp?idBiblio=83232&nr=352~ 2F2014&rpp=15# local-
content. [cit. 11. 4. 2016] 

8  Nařízení vlády ze dne 22. prosince 2014 o Plánu odpadového hospodářství České republiky pro 
období 2015-2024. Retrieved from: 
https://portal.gov.cz/app/zakony/zakonPar.jsp?idBiblio=83232&nr=352~ 2F2014&rpp=15# local-
content, [cit. 11. 4. 2016] 
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Lowering the maximal volume of bio waste disposed in the ground in order max. 35 % of bio 
waste from 1995 is disposed in the ground in 2020. 

 The new law on waste was prepared in the Czech Republic. It sould enter into force by 
1. 1. 2018. Many protest are taken aginst this law by the associations and initatives. Also the 
EKO-KOM company started to collect the signatures for the pettition – relations towards 
municipalities are not efficiently stated in the new proposal, the fees are couseless or the 
system of waste separation is not supoorted.  

 The following graph shows the waste production per capita in European countries in 
2013 (newer data were not available from all countries yet). It is obvous, that the volume of 
waste produced in the Ctech Republic (307 kg/capita) and e.g. in Denmark (752 kg/capita) is 
different. Then the percentage of waste in Denmark compared with the percentage of waste in 
the Czech Republic is different too. When setting the goasl in percentage, it is necessary to 
have the differences in mind. 
 

Vize 2024 

Vize 2024 (Vision 2024) is a platform, which was founded by experts in waste management in 
order to push the circular economy forward. The title talks about 2024, when land filling should 
be reduced. Thanks to the circular economy, the sustainable production and consumption will 
be ensured and the conception about waste as a raw material will be determined.   

 

 

Fig. 1 Waste production in European countries in 2013  
(Source: own, data from Eurostat, 12. 7. 2016) 

 

WASTE HIERARCHY 

 The waste hierarchy is known since the first attempts of the systematic work in waste 
management and is basically the same. Waste production prevention is the goal of 
environmental protection. It also belongs to the top of the imagined scale of waste 
prevention.  
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Circular economy 9 

The new Circular Economy Package was adopted by European Commission on 
December 2nd 2015. Its goal is to stimulate transition towards the circular economy, to support 
global competitiveness and sustainable economic growth and to create new jobs. 

The proposed steps should help closing the loop by higher recycling ratio and reuse. 
All raw materials, products and waste are going to be evaluated maximally and are going to 
be used, which can help the energy savings and emissions lowering. The proposals include 
the whole life cycle from production and consumption to waste disposal and secondary raw 
materials market. The figure no 1 describes in a simple way the purpouse of the corcular 
economy. 

 

 

Fig. 2  Circular economy 
(Source: European Parliament News, Circular economy, 12.7.2016) 

 

The key points of the proposal regarding waste are: 

• to recycle 65 % of municipal waste till 2030, 

• to recycle 75 % of packaging materials till 2030, 

• to lower waste disposed in the ground on 10 %  of the volume of all waste till 2030, 

• no separated waste disposed in the ground, 

• support of economical instruments discouraging land filling, 

• simplified, better defined and harmonised methods of recycling ratio enumeration, 

• particular actions for reuse and industrial symbiosis stimulation – by products of one branch 
can be used as a raw material and another branch. 

• economic motivation for producers to launch more ecological friendly products and to 
support its recycling (e.g. packaging materials, batteries, electric and electronic devices and 
vehicles).  

                                                
9 Otázky a odpovědi k balíčku o oběhovém hospodářství. Retrieved from: http://europa.eu/rapid/press- 
   release_MEMO-15-6204_cs.htm, [cit. 18. 4. 2016] 
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Gradual steps for municipal waste10: 

• to recycle 60 % of municipal waste in 2025, 65 % in 2030, 

• Croatia, Latvia, Malta, Romania and Slovakia may obtain five additional years for the 
attainment of the targets. 

Goals for packaging materials: 

• recycling of 65 % of all packaging materials in 2025, 75 % in 2030. 

 

Tab. 1 Gradual steps in recycling of particular types of packaging materials in 2025 and 2030 

type of material  % recycling in 2025  % recycling in 2030  

 plastics 55  

wood 60 75 

ferrous metal 75 85 

aluminium 75 85 

glass 75 85 

paper 75 85 

Source: Goals for packaging materials 

 

The goals and actions of the Circular Economy Package are also implemented into the 
new proposal of the Waste Framework Directive 2008/98/EC which was proposed by the 
European Commission on December 2nd 201511. 

The reaction of European Parliament was even stricter: 

• to increase the recycling ratio of municipal waste on 70 % till 2030 (now EU 40 %, CZ 33 
%), 

• to increase the recycling ratio of packaging materials on 80 % till 2030 (now EU 65 %, CZ 
70 %), 

• to incinerate only non-recyclable waste after 2020, 

• to stop supporting the construction of new incineration plants form the EU funds, 

• to measure the environmental impacts connected with the consumption in the EU since 
2018, 

• not-binding goal – to increase the raw material productivity in the EU by 30 %12. 

Some of the important steps towards the circular economy were already taken on the 
national level. E.g. activities of the Ministry of Industry and Trade by participation at the Policy 
of secondary raw materials in the Czech Republic in September 2014. In 2015 the government 

                                                
10 MŽP – tiskové zprávy – Evropská komise dnes zveřejnila nový balíček k oběhovému hospodářství. Retrieved 
from: http://www.mzp.cz/cz/news_151202_balicek_obehove_hospodarstvi, [cit. 18. 4. 2016] 
11 Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL amending 
Directive 2008/98/EC on waste. Retrieved from: http://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1453384548330&uri=CELEX:52015PC0595, [cit. 18. 4. 2016] 
12 Evropský parlament žádá zvýšit recyklaci, omezit spalování a nastartovat šetrnou cirkulární ekonomiku. 
Retrieved from: http://www.enviweb.cz/clanek/odpady/103464/evropsky-parlament-zada-zvysit-recyklaci-
omezit-spalovani-a-nastartovat-setrnou-cirkularni-ekonomiku, [cit. 18. 4. 2016] 
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accepted the Action plan for self-sufficiency support of the Czech Republic in secondary raw 
materials substituting primary materials13. 

 

CONCLUSION 

The discussion about the waste treatment process is rather loud. There are about 6 300 
approaches towards waste management in the Czech Republic. Each municipality has the 
obligation to publish a regulation within waste management to describe all the processes. 
Some of the requirements are legally stated, then the municipality has the obligation to fulfil 
the necessary matters. Many other questions are just a case of the motivation and willingness 
of the municipality leadership and citizen’s goodwill. Cooperation of municipalities within waste 
management would help the mayors with plenty of work and worries. The experience shows 
relatively high disinterest due to unfamiliarity of the topics and lack of time. Nevertheless the 
decisions in the area of waste management are very serious with the influence on the 
environment but also on the municipality and citizen’s budget. The paper gave an overview 
about the history and legislative environment in waste management. One of the main targets 
was to summarize the goals that are actually set by the European Commission and are ready 
to be applied in the national law or Plans of waste management. It is necessary to follow the 
news in legislation and fulfil requirements to reach the common goals, which can help the 
environment, raw material sources and financial stability. 
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