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TECHNICAL FEASIBILITY OF THE SYSTEM FOR LOCATION
AND TRACKING GOODS IN DISTRIBUTION CENTER
BASED ON RFID AND UAV TECHNOLOGIES

The main problem is the development and implementation of an UAV indoor location algorithm. The paper
presents the results of investigations by the algorithm based on information obtained from the regular grid RFID-
tags. Special attention endowed research systems for identification and placement of a fixed infrastructure of RFID.
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Formulation of the problem

A major problem in large logistics warehouses
(distribution centers) is the necessity of periodically
performing the stock inventory ie. agreeing actual num-
bers of goods with figures obtained from the ware-
house’s information system. Such task is difficult to
automatize, hence costly and time-consuming. A solu-
tion to this problem is described in this article.

RFID technology is an important part of constantly
growing logistics industry used in solutions for auto-
matic identification of goods.

A concept based on the RFID technology, not only
for identification but for location and tracking goods in
warehouses as well, has emerged. That way inventory
processes can be performed in real or near real time.
However, implementation of this concept would require
significant investments upgrading the existing RFID
infrastructure, which may be difficult to justify eco-
nomically. Using RFID and Unmanned Aerial Vehicle
(UAV) technologies together opens new opportunities
to develop hardware and software systems with func-
tionalities for identification as well as location and
tracking goods in warehouses. The costs of the pro-
posed solution is a fraction of those of building or ex-
tending fixed RFID infrastructure.

The main problem is the development and imple-
mentation of an UAV indoor location algorithm. In this
article we present results of our research on an algorithm
based on information from a regular grid of RFID tags.

New ways of improving
the effectiveness of inventory proc-
esses in distribution centers

Introducing systems for the stock automatic identi-
fication improves supply chain’s efficiency. Next gen-

eration of these systems based on Radio Frequency
Identification (RFID) technology, ie. the identification
of objects marked with the RFID tags using data trans-
mitted by radiolink, opens several possibilities for im-
provement and optimization of storing costs.

Inventory is an area where the biggest reduction in
operation costs can be obtained. Inconsistency of the
actual inventory stocks with the records in the informa-
tion system results in selling processes disruption and
can be the source of inaccurate forecasts. Ensuring the
consistency of the records and physical stock is time and
resource consuming.

The automation of inventory process can be a
source of significant savings. The system for location
and tracking the stock in distribution centers ensures the
inventory in defined scope and frequency, and saves the
cost and time required for manual or semiautomatic in-
ventory.

Object location
based on RFID technology

Research on systems for object identification and
location based on fixed RFID infrastructure are widely
described in professional literature.

An algorithm using a set of RFID readers deployed
in a room to form squares was presented in Reza et al
[2011]. In order to reduce the location error additional
diffusion algorithm was applied. It calculates the prob-
ability of finding the object in a given location. The re-
search was conducted in two-, not tridimensional space.
Obtaining an average location error of approx. 0,2m,
within the research area of 64 m2, required installation
of 25 RFID readers (plus antennas). The results were
confronted with others including those using algorithms
based on triangles, and the improvement of some pa-
rameters like the average location error was shown.
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Our research concerning tridimensional installa-
tion using the scene-based algorithm described in Ting
et al [2011], was improved by implementing an idea of
virtual tags described in Zhao et al [2007].

We divided the research scene into square cuboids
of dimensions 2m by 2m by 1,5m. 12 RFID antennas
were placed in such a way that they formed
0,5m/0,5m/0,5m cubes. The measurements resulted in
an average location error of 0,3m.

Based on the results described above, a traditional
multi-antenna RFID infrastructure shows several con-
strains:

» Commonly recognized location algorithms
used in outdoor environment (eg. triangulation) are dif-
ficult to apply in a closed space of the warehouse due to
electromagnetic wave propagation properties;

» Applying algorithms for compensation for read
errors caused by propagation properties ie. distortions,
attenuation and reflection of electromagnetic waves,

complicates and makes the infrastructure needed to ob-
tain required location accuracy more extensive and
hence more expensive (see below).

Research problem formulation

The idea of identifying objects labelled with RFID
tags and locating them in the warehouse space using
mobile RFID infrastructure ie. antenna/reader RFID
circuit mounted on Unmanned Aerial Vehicle (UAV),
commonly known as a drone, emerged as a result of
analyzing technical issues described above and eco-
nomic aspects of possible implementation.

The cost comparison of equipping a medium-size
distribution center with a RFID-based system for identi-
fication, location and tracking of goods, configured in
traditional multi-antenna network (as proposed in Reza
et al [2011]), and with the mobile RFID circuit mounted
on the drone is presented in Table 1 (all estimations ex-
pressed in net values).

Table 1

Cost comparison for fixed and mobile RFID infrastructure
Fixed multi-antenna RFID infrastructure®

Number of No of racks No of modules No of allays in  No of devices  Unit price Total cost

devices needed inamodule inan alley of  100m-width needed for the (euro) (euro)

for 1 rack 50m length warehouse warehoues
Antenas 12 4 34 10 16 320 82 1338240
Multiplexers (16-antennas) 1020 267 272340
Readers (4-inputs) 255 855 218025
TOTAL: 1328 605
One-antenna RFID reader mounted on UAV*
UAV 1 noimpact no impact no impact 1 1200 1200
Reader 1 noimpact no impact no impact 1 270 270
Antenna 1 noimpact noimpact no impact 1 20 20
TOTAL: 1490
* own estimations based on list prices of chosen RFID producers

However, applying UAV in an indoor environment
requires solving the problem of developing and imple-
menting a location algorithm for a drone itself.

State-of-art location solution
for mobile robots

Mobile robot route control algorithms

Programming mobile robots to control their
movement in two-dimensional space eg. on the floor is
well documented and described in several sources. The
robot should move autonomously in a controlled way
and provide trustworthy information on its location,
which could subsequently be used for assessing location
of objects read by antennas mounted on the robot.

The simplest solution for controlling the robot
movement, and one of earliest proposed is the one
based on odometry ie. calculation of the actual route by
counting the number of turns of the robot’s wheels
(Borenstein (1998), Kelly (2001)). However, this ap-
proach results in significant reading error, potentially

cumulative in function of the route travelled. RFID
technology has been used to compensate for the odome-
try reading error (DiGiampaolo and Martinelli (2012),
among others).

RFID technology has appeared as the one of the
most promising direction for mobile robots route-control
algorithms due to availability, scalability and low cost.
Variety of of this technology were proposed in many
works. Park and Hashimoto (2010) and Sanda et al.
(2014) used time-of-arrival and delay of the received
signal strength (RSSI) parameters in their works.
Chawla et al. (2013), Miah and Gueaieb (2014) built
their algorithms on RSSI values, while Choi and Lee
(2009) reduced their algorithm to a binary form: pres-
ence or absence of the reading. It is worth mentioning
that strong influence of external factors on reading er-
rors limits the applicability of many algorithms. Only
the last mentioned algorithm is applicable without im-
plementing advanced statistical methods for noise re-
duction. To increase the robot’s “level of environmental
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awareness” Choi and Lee (2009) proposed the use of a
sonar as an additional source of information. Multi-
antenna configuration as a method for increasing the
accuracy of readings was proposed by Niu et al. (2012).

Flying robot route control algorithms

Continuously growing popularity of UAVs enables
expanding the reading area covered by a drone to the
third dimension. Choi et al. (2012) presented an algo-
rithm for the drone movement control by using a grid
of RFID reference tags, placed on the floor.

Joint RFID and UAV technology implementation
is currently an emerging domain. Majority of reported
research was performed on a relatively small scene,
previously examined and stored in the robot’s control
unit memory. In particular, experiments and implemen-
tations of drones in distribution centers for locating and
tracking of goods have not been described yet.

An innovative idea of the proposed algorithm lies
in introducing adaptive system for the drone flight con-
trol which uses information from the receiving signal
strength continuously acquired from RFID reference
tags during the flight. RFID reference tags are mounted
on racks in such way they form regular grid reflecting
configuration of racks in the warehouse. Such place-
ment of tags gives a surface of signal sources perpen-
dicular to the UAV’s flight trajectory which allows to
reduce the number of RFID tags required to obtain sat-
isfactory level of accuracy of the algorithm proposed
comparing to the one described in Choi et al. (2012).

The algorithm can be applied in distribution cen-
ters organized in high bay warehouses which ensure
regular or at least ordered configuration of racks and
shelves with the goods placed.

Fig. 1 presents the idea of a new algorithm.

Spnsts set (barometer,
=" giroscope,comy

UAV (drone)

Warehouse rack

' D ko ag

’ RFID tag (logistios)

Fig. 1. System for location and tracking of goods by
using UAV and RFID technologies — general concept

RFID reader prototype
mounted on UAV

RFID Antenna/reader set should fulfill additional,
above-standardized requirements stemmed from spe-
cific needs of mounting the set on UAV and necessity
for stable reading of radio signal from the distance be-

tween the rack and the drone’s flight trajectory. Those
requirements relate to the following RFID parameters:

» an antenna with satisfactory gain and polariza-
tion, sufficiently light and small,

» radiation power comparable with fixed RFID
devices,

» two-way communication with the control sta-
tion in real time,

» and the device itself:

» minimal total weight (due to limited UAV pay-
load),

» small dimensions (due to limited space for ad-
ditional equipment on the drone’s board,

» impact resistance of the device’s housing (pro-
tection from falling),

» standalone power source or connectivity to the
UAYV power module.

A device with above mentioned parameters was
not available on the market hence own prototype has
been developed and implemented.

Basic parameters of the prototype are presented in
Table 2.

Table 2
The prototype basic parameters

Descrip-
RFID Prototype tion/Value
RFID antenna
— polarization circular
— gain 5,5 dBi
— weight 120 g
RFID reader module

CAEN
— reader type (OEM) 1270B
— communication protocol with control
station 802 11b
— class protection for housing IP 54
Prototype’s total weight 580 g

Technical feasibility
of UAV location algorithm
using information from RFID tags

Scene arrangement

To verify possible use of the RFID antenna/reader
device as information source for the UAV location algo-
rithm for indoor applications a measuring field in large
sports arena was arranged (see Photo 1 and 2).

The field (see Photo 2) consisted of four temporal
adjusting tubes with RFID reference tags mounted on
them in a way to imitate typical grid of racks in the
warehouse.

Confidex Survivor RFID tags designed for logis-
tics applications were chosen as reference tags. Refer-
ence tags were placed on adjusting tubes on the height
of 1,65m. The distance between two tubes was 2,0 m.
Commercially available UAV model 3DR RTF Y6 from
3DRobotics was used in trials.
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Photo 1. RFID reader module
(mounted at the bottom of UAV )
and RFID antenna (mounted at the front of UAV)

Photo 2. Measuring field arrangement

The UAYV travelled the route of 8,05m (denoted at
charts as axis Y) with average velocity of 0,95m/s. Tri-
als were conducted for following settings:

» The UAV flight’s trajectory distance from
RFID tag was: X1=I m, X2=1,5m, X3=2m

» The UAV flight’s trajectory height was: z1 =
1,65m, z2 = 1,2m

The RFID on board reader’s parameters were:

» 4 channels of width of 200 kHz and central
frequencies in the bandwidth of 866-868 MHz, accord-
ing to ETSI EN 302 208,

» Radiolink: TX PR-ASK F=40kHz ; RX Miller
M=4 LF=320kHz

» Reade output power: 27 dBm

Measuring software developed exclusively for this
purpose continuously collected data in the form of RSSI
readings from subsequent RFID tags identified through
unique electronic product code (EPC) during the drone
flight. The frequency of reading was 200 ms.

The drone flights in the measuring field are pre-
sented in Photo 3 and Photo 4.

Presentation of results

Following charts show results for chosen trials.
Horizontal axis represents the distance travelled by the
UAV expressed in milliseconds, while vertical axis
gives RSSI values expressed in dBm (fig. 2 — 5).

Photo 4. Drone flight at z=1,2m
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Fig. 2. Received signal strength in function
of the route travelled (UAV trajectory distance
from RFID tags x = 1,5 m, flight height z= 1,65 m
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Fig. 3. Received signal strength in function
of the route travelled (UAV trajectory distance
from RFID tags x = 1,5 m, flight height z=1,2 m)
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Fig. 4. Received signal strength in function
of the route travelled (UAV trajectory distance
from RFID tags x = 1 m, flight height z = 1,65 m)
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Fig. 5. Received signal strength in function
of the route travelled (UAV trajectory distance
from RFID tags x =2 m, flight height z = 1,65m)

Conclusion

The research on technical feasibility of the RFID
and UAV based system for location and tracking of
goods in distribution center was successful. The possi-
bility of using RFID tags to provide additional informa-
tion on location for UAV and therefore enable auto-
matic movement of the UAV within a distribution cen-
ter was confirmed. Clear characteristics of RSSI for all
measured tags were obtained for smaller distances be-
tween drone trajectory and the racks. For bigger dis-
tances, time slots for which no measures were obtained
exceeded 1s, which could prove too much for the soft-
ware controlling the flight to unambiguously evaluate
current UAV location. In this case, however, increasing

the density of reference tags may provide a solution.
From the UAV location algorithm perspective it is pos-
sible to take into account not only whether the reading is
present or not but RSSI values measured in function of
distance from the source which could reduce the accu-
racy error.

Results are not explicitly positive for measures
taken from flights on the height below the line of RFID
tags, but still the algorithm based solely on detecting the
presence of tags is applicable.

The research results provided a base for a new pro-
ject on applicability of RFID and UAV technologies for
inventory tasks in high-bay warehouses.
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Penensent: 1-p texs. Hayk, npod. ®@.B. Hosikos, XapkiBch-
KU HalliOHaJIbHUI €KOHOMIYHUI YHIBepcUTeT, XapKiB.

TEXHIYHA PEANI3ALIA CUCTEMU NS PO3MILLEHHA TA BIACTEXXEHHA TOBAPIB
B AUCTPUBYUIMHOMY LIEHTPI HA BA3I RFID | UAV TEXHOJIOINA

€. Aunprokesud, K. BanpkoBepkuit

Karouoeoio npobnemoro cboco0enns € pospobka i peanizayis aneopummy 3 memoio posmauiyeanns UAV mexnonocii. ¥
cmammi npeocmasneno pe3yibmamu 00CHiodNCeHb 3a Al2OPUmMMoM HA OCHOSI IHGopmayii, ompumanoi 8io pez2ynapnoi cimku
RFID-mezis. Oxpemy ysazy naoineno 0ocuiodicennio cucmenm ous idenmuixayii ma pozmiwenns o0'ekmie na ocHosi ghixcosanoi

inghppacmpyxmypu RFID.

Kniouosi cnosa: UAV, RFID, micye po3mauiysanis, 8i0cmedcenisi, po3nooiibHull yenmp.

TEXHUWYECKAS PEANTU3ALNA CUCTEMBI AN PASMELLEHUA U OTCNEXUBAHUA TOBAPOB
B AUCTPUBYLUUOHHOM LIEHTPE HA BA3E RFID U UAV TEXHOJIOI' MU

E. Aunprokesuy, K. BaupkoBckuit

Ceeo0ms Kko4egoll npobiemotl A1semcs pazpabomKa u peanusayus aneopumma c yenwvto pacnoioxcenus UAV mexuono-
eull. B cmamve npedcmasnensl pe3yibmamsl UCC1e0068aHUTl NO AN2OPUMMY HA OCHO8E UHPOPMAYUY, NOTYUEHHOU OM PeyNAPHOU
cemku RFID-mez06. Omoenvroe sHuManue y0eieHo uccied08anuio cucmem 0 uoeHmupukayuu u pasmeujenus o0bexmos Ha

ocnoge ¢urcuposannou ungpacmpykmypuot RFID.

Knroueswvie cnosa: UAV, RFID, mecmononodicenue, ciedxicenue, pacnpeoeiumenvHblil yeHmp.
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