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Abstract 

The issue of distribution logistics including all sub-processes is very topical. E-commerce experiencing a great 

expansion every year, which has been exacerbated by the ongoing pandemic. As a result, there is increasing 

pressure to streamline distribution logistics processes within last mile logistics. One possible solution  

is to reduce the time of the shipment consolidation process by using automatic identification technologies  

(e.g., using radio frequency identification technology), as logistic service providers mostly use barcodes  

or 2D code technology for automatic data processing. The article focuses on the effectiveness of automatic 

identification technologies in shipment consolidation process. The aim of the paper is to find out what time 

savings the implementation of radio frequency identification technology can bring compared to barcode 

technology in the process of shipment consolidation. The analyzed automatic identification technologies are 

compared experimentally using the Laboratory of Automatic Identification at the University of Pardubice, 

Faculty of Transport Engineering. Subsequently, a shipment consolidation model is created in Witness Horizon 

software using a dynamic simulation that simulates the duration of the shipment consolidation process  

for different inputs and the automatic identification technology used. The main monitored parameter is the total 

duration of the shipment consolidation process for different model input parameters. The experimental  

and dynamic simulation results are compared in the context of other studies.  

Keywords: Radio frequency identification technology, barcode, dynamic simulation, distribution logistics, last 

mile logistics 

1. INTRODUCTION 

The main goal of each business is to optimize all logistic operations to minimize errors and gain competitive 

advantage over other businesses in the industry [1]. Logistics is the part of supply chain management that 

plans, implements, and effectively manages the forward and reverse flows of products, services, and relevant 

information from the place of origin to the place of consumption and warehousing of goods to meet end 

customer requirements [2]. Logistic management is an integrative function that coordinates and optimizes all 

logistic activities, as well as participates in the connection of logistic activities with other functions, including 

marketing, production, sales, finance, and information technology [2]. With the rapid development of the 

economy, the development of logistic companies around the world is facing a major challenge; in particular, 

logistic companies generally lack basic competitiveness, efficient logistic processes and awareness of service 

innovation is not strong [3]. 

Distribution logistics costs represent the highest proportion of total logistic costs, and its rationalization can 

bring great business and competitive advantages [4]. Effective distribution logistics occurs when using suitable 

modern technologies of automatic identification [5]. Typical automatic identification technologies used in 

distribution logistics are Bar codes, Quick Response codes (hereinafter QR codes), Radio Frequency 

Identification (hereinafter RFID) [5]. RFID technology has been used in a wide range of applications since the 
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1950s. Nowadays, RFID is beginning to develop and be used extensively in a variety of industries, especially 

where speed and accuracy of information is emphasized and then transmitted by corporate software for further 

reporting [6]. RFID uses information carriers, so-called tags, readers, and software to process information [7]. 

The big advantage of RFID is that there is no need for direct visual contact to retrieve tag information [7]. 

Accuracy with RFID means that due to the appropriate layout of the readers (antennas), the movements  

of packages, devices or employees can be monitored with great precision [6]. Thanks to this, many companies 

use RFID, for example in goods handling warehouses [6]. 

The role of warehousing stems from market needs and product shifting to the consumer and the basic types 

of stocks can be distinguished whether they are the supply stage or the distribution stage [8]. Warehousing 

provides both space and time benefits, helping to ensure a high level of customer service [8]. Resource 

planning as well as proper distribution logistics are critical steps in managing complex logistic networks [9]. 

Distribution centers, as important nodes, perform processes such as cargo concentration, processing, and 

distribution, with the support of equipment such as handling equipment [10]. All places where manipulation 

with customer’s goods takes place e.g., from the vehicle to the warehouse and back or inside the warehouse 

are risk points, because provider of transportation services must ensure that all technological and physical 

processes are properly described and communicated to the customer and the customer must be informed 

about any deviation from previous processes [11]. Most researchers in China and overseas have studied the 

location of competing distribution centers from the largest market share gained by new distribution centers 

[12]. It was analyzed ways to make effective decisions about the location of new distribution centers so that 

they could gain the largest market share given the existing multiple distribution centers [12].  

In today's globalization, logistics has become one of the value-added generators for the customers. 

Deconcentrating of demand and supply, increasing customer’s demands lead to increased logistic costs [13]. 

It leads to a decrease in the sales margin or an increase in prices. It is therefore necessary to improve logistic 

processes [13]. Logistic processes often have considerable uncertainty associated with their complexity,  

the reliability of available information on current risks, and the availability of various statistical parameters from 

the previous period [14]. Today, many business-modelling tools are available to assist in analyzing  

and identifying logistic processes [15]. Simulation modelling techniques are one of the basic tools used  

to identify, analyses and optimize logistic processes and systems [15]. Nowadays, simulation tools can replace 

experiments, design, and improve systems, train and learn operators [16]. All measures are designed  

to operate in an environmentally friendly and cost-effective way [16].  Simulation offers many potential solutions 

and allows iteration of a previously developed model. This can help optimize all logistic processes [17]. 

Simulation models are important for the planning, implementation, and operation of logistic systems because 

they can display their dynamic system behavior [18]. Computer simulation is a well-accepted tool for modelling 

the behavior of large or complex operational logistic systems [19]. 

The aim of the paper is to find out what time savings the implementation of radio frequency identification 

technology can bring compared to barcode technology in the process of shipment consolidation. 

2. METHODS 

Experimental measurements are used in terms of scientific methods in a specialized Laboratory of Automatic 

identification which is located at the Faculty of Transport Engineering of the University of Pardubice. These 

measurements focused on the inspection of picked shipments prior to distribution within the process  

of shipment consolidation. The aim of measurements was to compare the use of automatic identification 

technologies (RFID and bar codes) in shipment consolidation process in terms of the time saving parameter. 

Pallet with shipments is shown in Figure 1. Each shipment was tagged with one UHF RFID tag and one  

1D or 2D code. 
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Figure 1 Manipulation unit – pallet with shipments [authors] 

The following equipment was used during the experimental measurements: Mobile (1D and 2D code) reader 

CIPHERLAB CP30 and Mobile RFID reader ZEBRA MC3390R (Figure 2). 

  

Figure 2 Mobile (1D and 2D code) reader CIPHERLAB CP30 (on the left) and Mobile RFID reader ZEBRA 

MC3390R (on the right) [authors] 

The first part of the experiment was devoted to the reading of shipments using mobile reader CIPHERLAB 

CP30 in the consolidation process. Shipments were labelled with the code GS-1 128 or GS1 QR Code  

(Figure 3). Thirty measurements were taken by three independent researchers and the time to read all 

shipments was measured. The second part of the experiment differed only in that the mobile RFID reader was 

used to read the shipments. Each shipment was tagged with UHF RFID tag (Confidex Steelwave Micro IITM, 

Confidex Casey SlimTM, Confidex Carrier MicroTM, Confidex Carrier Tough II™ and ALN-9662).  

Figure 3 shows the selected different types of used UHF RFID tag. 

    

Figure 3 Code GS1-128 (on the left), GS1 QR Code (in the middle), selected UHF RFID tags (on the right) 

[20,21, authors] 

A schematic representation of the sub-processes within the two different types of experimental measurements 

of the inspection of picked shipments prior to distribution within the process of shipment consolidation process 

is shown in Figure 4. The main difference in the two analyzed automatic identification technologies is that in 

the case of barcode and QR code technology, it is necessary to read each inspected shipment individually 
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(upper process in the Figure 4). On the other hand, this is not necessary with RFID technology, as all shipments 

are scanned at once at the same moment (bottom process in the Figure 4). 

  

 

Figure 4 Sub-processes within the two different types of experimental measurements  

(barcode and QR code technology – upper process, RFID technology – bottom process) [authors] 

Subsequently, a dynamic simulation method was used in the software Witness Horizon (version 22.5b)  

to determine the time savings in the duration of the shipment consolidation process using RFID technology 

compared to barcode and QR code technology. In recent years, many companies have started to use dynamic 

simulation to optimize business processes, as 3D visualization can facilitate the understanding of the links 

between processes, further contribute to process simplification and innovation, and indirectly save costs [22]. 

Computer simulation is one of the most effective approaches due to its ability and flexibility in simulating  

and evaluating static and dynamic systems, considering uncertainty and variability between systems [23]. 

Dynamic predictive simulation can be used in any logistics process, from warehousing and handling  

to production line optimization and distribution [24]. 

3. RESULTS 

The average shipment pick-up time for both analyzed technologies was 1.60 s (minimum value), 2.25 s (mode 

value), 3.70 s (maximum value), and the average shipment placing on pallet time for both analyzed 

technologies was 0.80 s (minimum value), 1.90 s (mode value), 3.25 s (maximum value). The average 

scanning time of one shipment was 1.00 s (minimum value), 1.85 s (mode value), 2.50 s (maximum value) 

using mobile reader CIPHERLAB CP30. The average joint scanning time of shipments was 2.50 s (minimum 

value), 3.87 s (mode value), 5.00 s (maximum value) using mobile RFID reader ZEBRA MC3390R (Table 1). 

Table 1 Input subprocess durations to dynamic simulation [authors] 

Sub-process 
Barcode / QR code technology RFID technology 

Min. [s] Mode [s] Max. [s] Min. [s] Mode [s] Max. [s] 

Pick-up of shipment 1.60 2.25 3.70 1.60 2.25 3.70 

Placing on pallet 0.80 1.90 3.25 0.80 1.90 3.25 

Individual scanning of shipment 1.00 1.85 2.50 --- --- --- 

Joint scanning of shipments on a pallet --- --- --- 2.50 3.87 5.00 

The two analyzed scenarios (use of barcode / QR code technology and use of RFID technology) were then 

transformed into dynamic simulation software Witness Horizon and models were created. These models 

examined the duration of the consolidation process according to the number of shipments (Figure 5). 

 

Figure 5 Visualization of the consolidation process in software Witness Horizon (version 22.5b) [authors] 
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The duration of the consolidation process was modelled for 50, 100, 150, ..., and 350 shipments for barcode  

/ QR code technology and RFID technology (Table 2). 

Table 2 Duration of the consolidation process according to technology and number of shipments [authors] 

Number of shipments [-] 50 100 150 200 250 300 350 

Barcode / QR code technology [s] 336 683 1 021 1 363 1 718 2 058 2 393 

RFID technology [s] 262 517 0 757 1 007 1 267 1 527 1 792 

Time saving for RFID technology [s] 0-74    -166 0-264 0-356 0-451 0-531 0-601 

The analysis of both scenarios clearly shows the time savings of using RFID technology, which range from 

22.02 to 26.25%. This time saving is mainly because when using RFID technology, it is possible to scan all 

shipments at once in a single moment, whereas with barcode/QR code technology it is necessary to scan each 

shipment individually. 

4. CONCLUSION 

The aim of the paper was to find out what time savings the implementation of radio frequency identification 

technology can bring compared to barcode technology in the process of shipment consolidation. Two types of 

experimental measurements were analyzed. Two types of experimental measurements were analyzed. The 

first focused on the use of barcode / QR code technology and the second focused on the use of RFID 

technology. The experimental measurements were carried out in the background of the Laboratory of 

Automatic identification. Based on the results of the experimental measurements, dynamic simulation models 

were created for each type of measurement in the software Witness Horizon. The Witness Horizon software 

modelled the duration of the consolidation process for different numbers of shipments. 

The findings clearly demonstrate the time savings when using RFID technology compared to barcode or QR 

code technology. This time saving is mainly because it is possible to scan multiple shipments at the same time 

at the same moment. On the other hand, it must be stressed that RFID technology is more expensive to 

implement compared to barcode or QR code technology. The research contains the following limitations: only 

certain types of RFID tags, barcodes and QR codes were investigated. At the same time, only certain types of 

reading devices were used, while it is possible that other reading devices, tags and codes could give partially 

different results. Also, the results may be different for other types of shipments, in a different area where RFID 

technology may not work as well, or for other researchers who achieve different times in scanning shipments 

and other activities. Further research can be directed towards the use of other types of codes and RFID tags, 

as well as scanning devices or other logistic processes. 
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