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ABSTRACT: The Determining the current position of objects in logistics processes 

(products, unit loads, forklifts, etc.) is the basis for new process development and optimization 

opportunities (e.g., development of storage strategy, forklift route planning, etc.) that 

significantly affect the competitiveness of companies. Many technologies can be used for 

positioning, however most of them do not provide the required accuracy. The dissertation 

presents the most important basic concepts related to locationing, as well as the relevant 

technologies that can be used to determine the positions of logistics objects within the 

warehouse, together with their advantages and disadvantages. 
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1 INTRODUCTION  

Real-time logistics data and the well-defined 

functionality based on it can provide huge value to 

manufacturing or service companies. More modern 

and efficient logistics processes can be created, 

which can result in lower unit costs and / or higher 

service standards. In everyday life, "GPS-based" 

applications using satellite technology are already in 

everyone's pockets, providing real-time data that 

allows users to enjoy simpler, more cost-effective, 

faster, more reliable, or even more enjoyable living 

conditions. The operation of these ordinary systems 

can be paralleled by the real-time positioning 

systems (RTLS, Real Time Location System) that 

have appeared in recent years, which enable to the 

company to do locationing “within four walls”, for 

instance in case of path and trajectory planning of 

an AGV (Cservenák, 2020 & 2021). Using this new 

technology, new process development and 

optimization methods can be developed in the field 

of warehousing logistics, which are: 

 optimization of picking processes, 

 optimization of warehouse material 

handling activities, 

 development of administrative 

processes, 

 improving inventory accuracy, 

 optimization of inventory mechanisms. 

There are several systems in the literature and in 

the industry called RTLS (Tamás et al., 2016 & 

Zebra, 2021 & SEWIO, 2021 & VERO, 2021 & 

SYOOK, 2020 & WISER, 2020 & CISCO, 2019 & 

POZYX, 2019 & IBCS, 2021) that use different 

technologies to capture the data. Sometimes the 

subject of real location and presence detection 

article is mixed. In the further part of the 

dissertation, the basic concepts and technologies 

related to real-time positioning are presented and 

compared. 

2 BASIC CONCEPTS OF POSITIONING 

This section describes the design of the 

measuring system on an Arduino Uno 

microcontroller. 

2.1 Reference points 

The basic elements of positioning are called 

reference points. Only in relation to certain 

reference points can another current position be 

described. A reference point is maybe a polar star or 

some other celestial body, but a reference point is 

also an “immovable” point within a warehouse or 

hall. In the warehouse, these are usually support 

walls, cross beams, which are “immovable”. The 

common feature of all reference points is therefore 

immobility, immovability - a constant stable 

geological situation. 

2.2 Anchors 

Attach a rope or chain of specified length to the 

reference points. Then we can “draw” a circle of a 

given length (radius) around a point in a plane, 

while a spherical surface of a given length in space 

can be “drawn” around the reference point with the 

end of the rope. The resulting shape gives the set of 

possible points measured from the reference point 
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corresponding to the given distance, which is called 

the anchor in the positioning. With the help of three 

anchors, it is possible to define the current position 

of an arbitrary point in a two-dimensional 

coordinate system, in which we therefore find our 

exact position. However, we need 4 anchors for 

three-dimensional positioning. 

2.3 Trilateration 

The most commonly used method of positioning 

uses geometric foundations to locate it. By 

measuring the distance of several known anchors, 

the position of a given point can be determined. If 

we can measure a certain distance, we know that we 

are in a circle of corresponding radius around the 

anchor (on a plane). If we measure the distance (on 

a plane) with three anchors, we can see that our 

position is uniquely determined by the intersection 

of the three circles. This method is called 

trilateration (or “multilateration” if more than 3 

anchors are used). 

Anchor 1

Anchor 2Anchor 3

Our Position

 

Fig. 1. Positioning in the plane - using 3 anchors 

 

Fig. 2. In case of inaccurate distance measurement, an 

algorithm can be used to approximate the real 

position of the point 

The difficulty with this approach lies in the fact 

that warehouse distance measurements are not 

perfect, only under “laboratory conditions”. In a 

warehouse, there will always be some noise 

(disturbing signal) during “more realistic” distance 

measurements and because of this, the above circles 

will not intersect at exactly one point. In 

determining the location of the intersection point, 

we try to use some algorithm to best characterize 

the point that is actually the possible position. 

2.4 Distance measurement 

How to quickly and efficiently measure 

distances in a warehouse environment? Stored 

various raw materials, packaging materials, 

warehouse material handling equipment, moving 

people, pallets, racking systems, etc. inhibit the 

measurement. Measuring instruments based on 

visual measurement are out of the question, as for 

most points the above warehouse instruments would 

“cover” the range used for the measurement. For the 

measurement, it is necessary to achieve an accuracy 

of approximately decimetres (10-50cm), since it is 

necessary to distinguish e.g. 80 cm wide pallets or 

80 cm wide storage spaces apart. Usually, accuracy 

greater than 10-50 cm is not required. We can use 

radio waves to answer the question. The idea is to 

send radio waves from one point to another (from 

the current point to the anchor) and measure the 

“flight time” (ToF = Time of Fly) very accurately. 

So the question is, how long does it take us to get 

from our position to the starting point of the 

anchor? Since the radio waves travel at the speed of 

light (c = 299 792 458 m / s, simply multiplying the 

flight time (ToF) by this speed, we obtain the 

distance to be measured; 

                      [
 

 
]              

Radio waves travel fast, in a single nanosecond - 

which is a thousandth of a millionth of a second - a 

wave makes almost 30 cm. So if we want to 

perform a decimeter-accurate distance measurement 

in the warehouse radio wave may be suitable for 

this, but we need to be able to measure the flight 

time very accurately! So now the question is how to 

measure the flight time of a “piece” of radio wave 

from our point in question to the starting point of 

the anchor, i.e. the reference point. 

2.5 Distance measurement with radio waves 

The concept known from physics is Heisenberg's 

uncertainty theorem (Wikipedia, 2021). Among 

other things, the theorem states that it is impossible 

to know (measure) the frequency and timing of a 

signal at the same time. Take, for example, a sinus 

wave (a sinusoidal radio wave);  

• a signal with a well-known frequency but a 

poorly definable timing, 

• the signal has no beginning or end. 

However, if we combine several sinusoidal 

signals with a slightly different frequency, we can 
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create a “pulse” with a more definite timing, i.e. we 

can examine the pulse peak more easily. This is 

shown in Figure 3, which sequentially adds 

sinusoids to a signal to obtain a sharper, more 

contoured pulse (OpenStax, 2021). 

 

Fig. 3. The result of sinusoids sequentially added to a 

radio signal 

In relation with the operation, the frequency 

range used for the signal to be produced, “Δf” - is 

called bandwidth. Using the Heisenberg uncertainty 

principle, we can roughly limit the pulse width “Δx” 

using the bandwidth Δf: 

           

It can be seen from the simple formula that if we 

want to use a narrow pulse for distance 

measurement - which is necessary to measure the 

exact timing - then it is necessary to use high 

bandwidth in the measurement system. 

3 DESCRIPTION OF POSITIONING 

TECHNOLOGIES 

3.1 WIFI technology 

In general, the common feature of today's 

modern warehouses is the radio network installed at 

the higher points of the warehouse, using the 2.4 

Ghz / 5 Ghz center frequency, - consisting of an 

appropriate network of Access Points, -. This 

network is used to access mobile technology 

devices involved in logistics processes and 

dispositions, such as handheld mobile data loggers, 

mobile printers or forklift terminals, - WMS 

(Warehouse Management System) servers located 

in the IT infrastructure. The question immediately 

appeared, - if this network is already installed, can 

we use it to measure distances? Using the 

bandwidth Δf=20MHz declared in general and in 

the standards of wifi systems, a pulse width greater 

than Δt≥4ns is obtained according to the formula in 

2.5. Based on the speed of light, a 1.2 meter “long” 

pulse comes out, which is “too large” to determine 

the exact distances. On the one hand, it is difficult 

to determine the peak of a pulse of this size, and on 

the other hand, the reflections characteristic of the 

storage environment make the measurement even 

more difficult. Reflections come from objects in the 

surrounding environment (walls, ceiling, 

scaffolding system, forklifts, materials, etc.). These 

reflections are also “caught” by the receiver (e.g., 

one of the Access Points on the wifi network) and 

overlaps are created with the normal (measurable) 

pulse, which makes it very difficult to measure the 

true peak of the pulse. When using 4 ns wide pulses, 

any object 1.2 m from the receiver or transmitter 

will cause an overlapping pulse. Unfortunately, this 

accuracy is not sufficient for positioning on a 

logistical scale. Further complicating the situation is 

the fact that the Access Points involved in the 

scattering of the WIFI network are located at a 

greater distance and scattered from each other, 

which makes the measurement difficult. In 

summary, we can state that the 2.4 GHz / 5 GHz 

medium frequency and low bandwidth (20MHz) 

wifi networks previously installed in the warehouse 

are not suitable for distance measurement of radio 

waves based on flight time measurement, ie for 

indoor positioning with logistic accuracy. 

3.2 UWB (Ultra Wide Band) technology 

UWB ultra-wideband signals have a bandwidth 

of at least 500 MHz, which can be used to generate 

0.16 ns wide pulses based on the previous 

terminology. This timing resolution is so fine that at 

the receiver (reference point) we are able to 

distinguish the original (measured) signal (pulse) 

from its other reflections (reflections). 

 

Fig. 4. UWB pulse signal reflections (Molnár, 2018) 

In a warehouse environment, we need the same 

thing for the optimal operation of all equipment 

using mobile technology (handheld mobile data 
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loggers, forklift terminals, mobile printers, Pick by 

Voice devices, etc.): more bandwidth. In wireless 

communication systems, higher bandwidth means 

faster upload / download (i.e., information transfer). 

However, if all mobile devices transmitted signals 

on the same frequency, all signals would interfere 

with each other and no device could receive an 

interpretable one. As a result, the use of the 

frequency spectrum has been strictly regulated. 

How is it possible that a UWB gets 500 MHz of 

valuable bandwidth while other other systems have 

to accommodate much less (e.g. wifi with 20 

MHz)? Well, UWB systems can only transmit 

signals at low power (the energy spectrum density 

should be below -41.3 dBm / MHz (IEEE, 2011) 

according to the standard). This very strict power 

limitation means that no pulse can go far: at the 

receiver, the pulse is likely to be below the typical 

noise level in the warehouse. To solve this problem, 

it sends a series of transmit pulses so that they 

contain only a single bit of information. At the 

receiver (reference point), the received pulses 

accumulate, and if there are enough pulses, the 

force of the “accumulated pulse” rises above the 

noise level, and a secure reception (i.e., measuring 

the propagation time of the signal) is created. The 

IEEE 802.15.4 standard for low power wireless 

personal area networks (WPANs) [13] has defined a 

number of UWB channels at least 500 MHz wide. 

Depending on the country, some of these channels 

are allowed or not. In general, low-band channels 

(1-4) can be used in most countries with certain 

limitations on the refresh rate (using mitigation 

techniques). Channel 5 is accepted without 

restriction in most parts of the world, with the 

exception of Japan. The lower the center frequency 

of the channel, the better its range can be used. 

Table 1 - allocation of UWB channels according to 

standard [13] IEEE 802.15.4 

Channel 

Center 

frequency 

(MHz) 

Band 

(MHz) 

Bandwith 

(MHz) 

1 3494.4 
3244.8 – 

3744 
499.2 

2 3993.6 
3774 – 

4243.2 
499.2 

3 4492.8 
4243.2 – 

4742.4 
499.2 

4 3993.6 
3328 – 

4659.2 
1331.2 

5 6489.6 
6240 – 

6739.2 
499.2 

Channel 

Center 

frequency 

(MHz) 

Band 

(MHz) 

Bandwith 

(MHz) 

6 6988.8 
6739.2 – 

7238.4 
499.2 

7 6489.6 
5980.3 – 

6998.9 
1081.6 

IEEE 802.15.4a (2007) is a modification of the 

original 2006 802.15.4 standard. Specifies both the 

MAC (link) and PHY (physical) layers from the 

ISO / OSI reference model. The original standard 

introduced new methods in small WPAN (wireless 

personal area networks) networks with short range 

and low data rates. Amendment 802.15.4a added 

two new PHYs to the standard: CSS and Ultra Wide 

Band. These additions introduced new features that 

were missing from the original standard: higher data 

rates and a very accurate range available with UWB 

PHY. In 2011, IEEE 802.15.4–2011 was 

introduced, which was issued as a revision of the 

original standards in order to include everything in a 

single document (standard). The standard defines 

three frequency bands, the sub-gigahertz, the low 

and high bands, with a total of 16 radio channels. Of 

course, it also depends on the regulatory authorities 

of the countries which of the bands can be used or 

not in that country. It also defines four data rates for 

the UWB PHY: 110 kbps, 850 kbps, 6.8 Mbps, and 

27 Mbps. The standard also clearly supports the 

division of UWB PHY capabilities. 

3.3 BLE - RSSI (BlueTooth Low Energy - 

Received Signal Strength Indication) 

technology 

Sometimes the literature (Zebra, 2021 & 

SYOOK, 2020) mentions another method for 

measuring the distance between two points - with 

the help of radio waves - called RSSI method. The 

basis of the measurement is that the farther apart the 

two points are, the lower the signal strength 

between them on the receiving side. From this RSS 

value it can be deduced their distance. 

Unfortunately, the received signal strength for a 

Bluetooth (2.4 GHz) radio will also be a 

combination of the result of all reflections 

(reflections) and not just a “pure” pulse for the 

distance to be measured. The Figure 5 shows the 

change in the RSS value of a Bluetooth signal over 

small (within 10 meters) discrete distances. The 

error bars within each same distance show how the 

RSS value behaves over that distance. We can see 

that a BLE signal belonging to an RSS value can 

have several distances, which in practice occurs in 
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such a way that the current distance of the point to 

be determined “bounces” within 1-3 meters.  

 

Fig. 5. Variation of distances measured with BLE-

RSSI technology as a function of signal strength (Ke, 

et al., 2019) 

Obviously, such a change in the value of RSS is 

very large, which makes RSS unsuitable for 

accurate distance measurement or positioning. 

Perhaps we could say that BLE - RSSI technology 

can be used for presence detection in logistics 

applications. In this way, it can be paralleled with 

RFID technology. 

4 COMPARISON OF TECHNOLOGIES 

As can be seen from the previous descriptions, 

the operation and possible applicability of the three 

technologies (WIFI, UWB, BLE-RSSI) within a 

warehouse are very different. The Table 2 

summarizes the technical parameters that can be 

achieved using the technologies (WIESER, 2020).

Table 2 – Comparison of positioning technologies 

 
 

From a logistical point of view, the choice is 

already clear on the basis of the accuracy achieved 

with the given technology, but the extensibility of 

the system to be used for positioning, its range and 

the maximum available data transmission speed 

cannot be ignored either. Examining all four 

parameters, UWB-based systems are clearly 

suitable for warehouse (indoor) logistics location. 

So in the future, it is worth reviewing the features of 

UWB technology. 

5 POSITIONING IN UWB 

TECHNOLOGY BASED SYSTEMS  

In UWB-based logistics systems, two types of 

location protocols are prevalent. Both protocols 

have advantages and disadvantages, but depending 

on the nature of the logistics process to be 

supported - you can choose from these for each 

application. The two types; TWR - two-way 

distance measurement and TDoA (Time Difference 

of Arrivals) - measurement based on time difference 

of arrival. To facilitate the interpretation of the 

protocols, it is necessary to define the concept of the 

RTLS tag; An RTLS tag is the usually small 

electronic unit whose position we want to determine 

in the logistics system. The RTLS tag is more than a 

geometric point that; 

• has a battery / rechargeable battery or other 

resource suitable for independent power 

supply,  

• is capable of emitting or emitting and 

receiving individual radio waves of a 

specified UWB standard,  

• has some kind of mechanical enclosure and 

is suitable for attachment to materials, 

logistics equipment or people handled in the 

warehouse. 
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Fig. 6. RTLS tags (SEWIO, 2021 & SIEMENS, 2020) 

The time has also come to present the physical 

reality of the Anchors defined in 2.2. Well, anchors 

are also existing electronic devices that; 

• can usually be operated with external power 

supply,  

• are also capable of emitting or emitting and 

receiving individual radio waves of a 

specified UWB standard,  

• have some kind of mechanical housing and 

are suitable for fastening as warehouse 

reference points,  

• are connected to each other or to a common 

- but other network device - electronically 

or on a radio basis (synchronized) 

The literature specifically calls these RTLS 

Anchors, as opposed to antennas used in Wi-Fi and 

other standard technologies, Access Points. 

 

 

Fig. 7. RTLS Anchors (SEWIO, 2021 & SIEMENS, 

2020) 

5.1 Two Way Ranging (TWR) distance 

measurement 

This distance measurement is perhaps the best 

known protocol in positioning. In TWR, the 

distance between the RTLS tag and the Anchor is 

calculated by sending an electronic data packet back 

and forth. The RTLS tag can determine the distance 

from the Anchor by measuring and adding the flight 

times, i.e. summing up how long the sent data 

packet took to and from there. For positioning, the 

tag begins communication with an Anchor and runs 

it several times with other Anchors (at least 3 

pieces).  

 

Figure 8. TDoA measuring (SEWIO, 2021) 

 

If the tag has communicated with at least three, 

ideally four Anchors, he can calculate his position 

by trilateration (2.3). Geometrically, the tag will be 

at the intersection of the circles defined by the 

measured ranges. 

5.2 Time Difference of Arrival based 

Measurement  (TDoA) 

In TDOA mode, RTLS tags send a UWB flash 

(pulse) with or without a schedule, - taking into 

account other tags or anchors. Because the Tag only 

needs to send a single UWB signal, positioning can 

be done quickly and with low power consumption. 

Using the commonly used Aloha protocol, tags only 

send and never receive, resulting in incredibly low 

power consumption, and their battery life (500-1000 

mAh) can last for several years. However, in order 

to limit interference with other tags used in the 

logistics system, the update rate may be somewhat 
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limited. Alternatively, tag communication can be 

scheduled. When the RTLS tag sends information 

about itself in TDOA mode, e.g., “ID_0011”, any 

“visible” anchor installed in the warehouse receives 

this information. Anchors connected over ethernet 

lines / wireless send the time of receiving the Tag 

pulse to the location server accurately. Because the 

anchors are at different distances from the tag, 

although the difference is small, these anchors will 

receive the tag pulse signal (nano-seconds) at 

slightly different times. Based on these time 

differences, the serving RTLS server can calculate 

where the tag was compared to the anchors at the 

time the tag sent a pulse. Geometrically, the 

situation will be at the intersection of the 

hyperboluses determined by the measured time 

differences. The RTLS tag used in TDOA will 

therefore never know its own position in the 

warehouse unless it is sent back to it by some 

external system. For TDoA to work properly, 

Anchors installed in a warehouse must have the 

same time concept. To do this, their internal clocks 

must be precisely synchronized. Anchors 

communicate regularly with each other via UWB so 

they can synchronize their internal clocks. And in 

case you want to synchronize too many anchor 

clocks at once, we have the option to divide them 

into groups, and within a group, the so-called Create 

Master anchors. The master anchors then need to be 

time-synchronized in the first round. In all cases, it 

is advisable to choose a master that has an anchor 

“view” directly of the other, - intra-group anchors, 

so that intra-group time synchronization can be 

solved quickly via the UWB network. 

 

Fig 9. TDoA measurement with Anchor’s group (SEWIO, 2021) 

 

Using Master Anchors, we can achieve RTLS in 

a larger logistics area. By connecting the anchors to 

a high-speed Ethernet network, a virtually unlimited 

scalable RTLS system can be created with up to 

many thousands of anchors and many thousands of 

tags. With the use of low-energy tags suitable for 

TDoA technology, a wide range of applications in 

the field of logistics are emerging. 

5.3 Some barriers to using UWB technology 

One of the great advantages of using ultra-

wideband is that the applied radio wave can easily 

penetrate the objects used in the warehouse. Most 

RTLSs rely on the transmission of unique 

identifiers (IDs) and timestamps over the UWB, and 

accuracy, loss of range is minimal even if the signal 

is severely obstructed. Of course, there are 

environmental limitations with this technology as 

well. In the case of wireless radio technology, the 

effect of obstacles on the radio power depends 

largely on the material of the obstacle. Usually, the 

signals are partially reflected from the obstacles that 

cause the reflection and partially penetrate the 

object. Depending on the type of material, the UWB 

signal may pass through the object with little 

modification or be completely absorbed. Since all 

radio waves are electromagnetic waves, these 

categories of materials have a large effect on UWB 

signals. Wood, plastics, glass, cardboard, insulating 

foams, fabrics, fibers, bricks, etc., are all insulators 

and are considered “transparent” by radio waves. 

These materials are less likely to interfere with the 

propagation path of UWB radio waves, the effect is 

generally negligible in propagation. Metals a reflect 

most of the radio waves and only a small part of 

them “bends” around them. As a result of the 

interaction, therefore; 

• on the one hand, the UWB signal will lose 

energy and reach a shorter range,  
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• on the other hand, it takes more time to try 

to “get through” the metal and since RTLS 

is based on the calculation of flight time, 

this will reduce accuracy. 

However, this should not be interpreted as “any 

amount of metal“ spoils the signal ”. The RTLS tag 

is properly placed on the side of the metal container, 

near the shipping label, on top of a forklift, etc. it 

will work well, albeit with an accuracy of a few 

inches. Thin metal sheets can have a greater impact, 

but they can also penetrate. Concrete walls with 

plumbing, conduits, and metal support structures, 

on the other hand, paralyze the UWB signal. If the 

metals are very close to the Anchor, they can 

change the reception properties in an unpredictable 

way. For this reason, it is always recommended to 

keep a distance of at least 20 cm from the metals, - 

when installing the Anchors. Like metals, liquids 

absorb radio waves. The saltier the liquid, the better 

it absorbs radio waves, which can also reduce range. 

Furthermore, radio waves travel more slowly in 

liquids (by about 30%), which also reduced the 

accuracy by a few centimeters. The negative effect 

of a liquid on the propagation of the UWB signal is 

related to its volume. 

6 CONCLUDING REMARKS 

As a result of striving to satisfy individual 

customer needs, logistics processes are becoming 

more and more complex, the transparency and 

manageability of which can only be increased by 

digitizing the processes. The dissertation described 

the technological possibilities of real-time 

positioning, after the analysis of which the UWB 

(Ultra Wide Band) technology applicable to the 

tracking of storage processes was selected.  

 

The technology provides an opportunity to 

develop a number of process development and 

optimization methods, the scientific foundation, 

development and implementation of which will be 

the subject of later research. 
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