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Abstract.

In this article, we would like to summarize the lplems, that may arise in a so called “Intelligehb@ping
Cart”, a special shopping cart, which is able t@geize the wares equipped by RFID tags. The shopgirtg
is able to register the wares- collected in theé caith EPC standard GEN2 UHF RFID passive tagsnt/si
wireless communication technology, the central lda is accessible, we can retrieve product infiloma
and send information about the wares currentlyhédart. There are several ways to ensure thigifuradity,
and several problems may arise.

Introduction

There are several approaches to speed up the sigoppuicess, meanwhile reduce the human resouregede
to serve customers. These are so-called “smartpihgip There are benefits for both parties, these a
Immediate identifying of the ware
Immediate price, feature information of the wares
Shopping list about the wares in the cart contgiirice pro piece, subtotal, and total information
Leaving the shop at the gate the system can sdadration to the central computer about the tptide.
This computer can be equipped by a bank card reatiérh can be used for paying.
The whole shopping process can flow without hurremise from the shop

The structure of this document

The first part of this document starts with therfpossible operating modes of the intelligent slioggart and
the typical cart sizes. Chapter 2 deals with degfiad caused by special goods and the metallicremvient.
After we present several preliminary radio measemsidone with the a metal shopping cart and aisctibnal
test with RFID devices. Our article ends with thensnary of the Intelligent Shopping Cart.

1 The Operating Modes and Dimensions of the Intelligg Shopping Cart

The aim of the intelligent shopping cart projectasdevelop a special shopping cart, which is &bleecognize
the wares equipped by RFID tags. The shoppingicaitile

to register the wares- collected in the cart - WBIC standard GEN2 UHF RFID passive tags

to recognize several number of wares simultaneously

to differentiate the wares inside the shopping, @artl the wares outside the shopping cart
The complete system may contain an RFID gate td ama check the wares with RFID tags to creatdittad
invoice. This gate optionally may disable the RF&lQs as the final process of the shopping.

1.1 Sharp beam at the gate of the shopping cart

This operating mode works with a sharply beam farmaalio field, which creates a thin layer at the o6 the
shopping cart. All wares, which put into the cémyvel trough this thin radio field. While the wagetraveling,
the RFID recognition process can be done, and tesvin the cart can be registered. The detecticheo
direction of the traveling is not important, beaaesunting the number of traveling through is erotagknow,
whether the ware is inside or outside of the cart.



1.2 Time division scanning the cart content by severantennas

In this solution several - probably 8 - antennasuwamed to scan the internal field of the cart witlres equipped
with RFID tags. This scanning process is donenmetidivision mode, but the whole scanning processhea
finished in a second.

T
-

AT

Fig. 1.a) Sharp beam at the gate of the shopping ca&cé)ning the cart content by several antennas

1.3 RFID read by hand

This is the simplest mode of ware identificatiomen a low power RFID reader is used to read théOR&d)
on the ware, which is put very close to the readachine by the user similarly to the existing, bae based
solutions. This operation mode can also be used pace check process before the real shoppindhim
shopping phase the customer can get further infiomabout the ware, using the connection withdaetral
database, where additional data can be stored @mouwvare. Therefore the web site of the ware neiufer
can be reached and displayed on the embedded aahime automatically. Applying this service thetouser
can be convinced easily to buy.
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Fig. 2.a) Small beam on the shopping cart, b) Cart paskiogigh a reader gate

1.4 Passing through an RFID reader gate

In this operating mode the shopping cart with RIEduipped wares is passed through via a gate wih hi
power RFID gate. If a conveyor belt can be useg piloper time inside the RFID reader field candte Burther



benefit of this solution is the possibility of shimg, which enables more powerful RF field for the
problematical wares. When this operating mode tiz@cthe other modes of operation are disablethbylocal
embedded cart computer.

The above mentioned operating modes can be usedasely, but can be combined together. The customer
can check the ware price using the operation moelgtioned in the mode 3. After the price checkingtaomer
puts the ware into the shopping cart, while theewzaisses through the thin radio wave field of REdBder to
register, that the ware is inside the cart. Thertithe division scanning can be used to checkritegnal content
of the cart. At the end of shopping process, thie gaerating mode can be used to check the catermbrand
the final invoice can be done.

1.5 Suggested operation mode

The main operation mode of the shopping cart isthive beam of the gate of the shopping cart. Thisrating
mode works with a sharply beam formed radio fiellich creates a thin layer at the top of the shuogpmiart.
All wares, which put into the cart, travel troudtist thin radio field. While the ware is travelindpe RFID
recognition process can be done, and the ward®inart can be registered. The detection of thertion of the
traveling is not important, because counting thenloer of traveling through is enough to know, whettie
ware is inside or outside of the cart. The blingaaof the gate is covered mechanically to keep foatting the
wares behind the radio waves. Radio frequency abssiare used to prevent the reflections distottiegwave
field.

1.6 Shopping carts

Typically to major types of carts are in use:
Metal Carts
Plastic Carts

1.6.1 Metal carts

Metal nesting carts usually covered with a long Mickel Chrome finish and acrylic coating. Thesgts are
more resistance to weather conditions. Anotheriorrsf these carts have a Tech-Seal gray finistaflosted rust
and corrosion resistance. These types of shoppirtg are used worldwide.

1.6.2 Plastic carts
Plastic nesting carts with chrome finish metal feammd gate. High density polyethylene basket ighpwill not
rust, compliments a store decor and is lighter @raall metal basket, but has the same price.

1.6.3 Our cart

The typical measures of these carts vary in a rafigere are nine values witch describes the cagu(€ 3.).

The width of the cart can be measured in threesifft places: front, top and bottom (wheels). Téight has
four different value: basket front, basket reapnfrtotal, and rear total. The length of the basket the cart of
course also important. These values are summairizédble 1.

W1 W2 W3 L1 L2 H1 H2 H3 H4
Min 19 19 15 30 28 37 33 13 17
Typical | 23 22 1/2 18 39 1/2 37 40 3/4 36 15 19 1/2
Max 25 24 20 44 42 41 37 16 21

Table 1.Interntional RFID Frequency Regulations [3]

From these values the typical cart have the folmwdimensions:
Top Basket Capacity: approx 11,000 Cu? In.
Approx. 23" W; 41" H; 40" L
Weight: 60 1b&

1Values are in inch. 1 inch = 0.0254 meters
21 Cu. In. (cubic inch) = 0.016387064 m
31 Ibs (pounds) = 0.45359237 kilograms (kg)
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Fig. 3. Cart dimensions: a) main dimensions b) a typiedl [5]

2 Performance degradations

2.1 The effects of near metallic and liquid materials

The main factors that may affect the performancex d®FID system are the tags (transponders), readers
(interrogators), and the environment in which tlaeg operating. The channel influences in the conication
between the tags and reader there are such eféactshannel attenuation, multi-path propagation, and
interference from other readers and RF devices.

In real world situations, the tags are attachedaonous materials that have different charactesstiThe
material of the physical object marked by a tag also affect the characteristics of the antennaretore the
tag's performance. Many common materials to withk tags are attached such as metal and water have
considerable effects on the performance of the. td¢mer and metal affects tag performance in manysw
They provide multi-path, create fading zone.

Changes in impedance bandwidth, detuning the resenfrequency of the antenna, and reduction in powe
transfer efficiency, are some of the factors thetnge the amount of power being delivered insiéetdly from
the antenna to the chip. The environmental effattdHF frequencies can be classified into threegaies:
material effects observed with conductors, dielestand in free air.

Most of the antennas that are used by the tagseammant antennas. It is known that the presendegbf
dielectric materials — like water— in the neardieff the tag, changes the resonant frequency cdutbtennas, so
the antenna would resonate at a lower frequencgciBg the tag a small distance away from the nalteen
significantly reduce this effect (if the tagged @dij make it possible). If the tags are used alviaytbhe same
environment, theirs antenna may be pretuned tspkeial environments, but in this case these tagsot be
used in free space. Nevertheless recovery of thérée space reading range in the proximity of thaterial is
unlikely to be achievable. This difference is dog@bwer absorption by the material, because imsdnos where
an electromagnetic wave meets a boundary betweenlisgimilar materials, some of the energy is otfld at
the surface and some of the energy passes intmdterial. The proportion of the energy that passesthe
material is a function of its physical properti&aqwn as its dielectric constant).

Radio frequency waves can not pass through conaustirfaces like many metallic materials, becaustls
reflect RF energy, therefore the reading of tagsirze such kind of materials is not possible. If doctive
materials are in close proximity to the tag, thay also detune the tag so it cannot be read byetter. Tags at
certain distances in front of the metal plates -engtthe original backscattered signal coming fromtag and
the signal coming from the tag (in opposite dir@c)j but reflected by the metal are in reverse phasan also
not be read.



It is also considerable, that the presence of np&bs can be used to boost the performance sf tegnely
at certain distances (where the two signal ar&énsame phase ) behind the tag the presence ollkepmetal
plate can significant increase the strength oflthekscattered signal thus the reading distancedeetihe tag
and the reader. Nowadays there are many so catlethf tags” available at the market. These typags either
have a layer of a dielectric material (such as pathane foam, ferrite, etc.) between the inlay gnedsurface
that is applied on metal and this dielectric malegives the tag the air gap needed to modulatksicatter, or
they have a so called microstrip or patch antensiead of the dipole design.

In the first case the antenna of the tag is desigoeise the metal to witch it is attached as lectdr actually
improving the performance when placed on metal.

In the second case the microstrip antennas havilamilt” metal plane as ground plane, so the pneseof
metal behind this type does not affect the perfoiceaof the tag, they can work fine in free spaae but only
in one direction. All the performance metrics of tfags are frequency dependent. Also, the ISM lranéHF
frequencies varies among countries (See more slétathe classification chapter). Thus if the taglésigned to
be used globally, it should operate well acrosssgfectrum.

A material is called RF-lucent or RF-friendly forcartain frequency if it lets radio waves at thisguency
pass through it without any substantial loss ofrgyeA material is called RF-opaque if it blockeflects, and
scatters RF waves. A material can allow the radives to propagate through it but with substantiat lof
energy. These types of materials are referred fRFaabsorbent. All these properties are frequerspeddent.
Table 2 shows the RF properties of some commonriakste

. LF HF UHF Microwave
Materia
Clothing RF-lucent RF-lucent RF-lucent RF-lucent
Dry wood RF-lucent RF-lucent RF-lucent RF-absorbent
Graphite RF-lucent RF-lucent RF-opaque RF-opaque
Drinks and Shampoos RF-lucent RF-lucent RF-abstrben| RF-absorbent
Metals RF-lucent RF-lucent RF-opaque RF-opaque
Motor oil RF-lucent RF-lucent RF-lucent RF-lucent
Paper products RF-lucent RF-lucent RF-lucent REeAtic
Plastics (some types) RF-lucent RF-lucent RF-lucent RF-lucent

Table 2. RF properties of Example Material types [3]

2.2 Effects of Lossy Dielectrics and Metals

At UHF and microwave frequencies, the wave attdonaloss) is caused mainly by the water content
(moisture content) of any dielectric substance clwliommonly has in dry state a permittivity onlyveeen 2-6.
The value of the complex dielectric constant of ftee-water varies with frequency from its low foeacy
(static) values,, to its very high frequency valieg. For a material with a single relaxation mechaniBabye
expressed the frequency dependence of the comgkectlic constant as:

e =e+(&-e)/(1+w)
wherew is the angular frequency of the electromagnegiidfandt is the relaxation time. The parametexs:
e, t are varied with temperature T as given in Tables.

2.3 Other effects on performance

An associated effect, which can also reduce thdimgarange of a tag, is its proximity and oriergatin
respect to other adjacent tags (because tags tamedeach others resonant frequency) and its atientrespect
to the polarization of the reader antenna.

In the first case the effect is greatest where tagsparallel with each other since this produbeshighest
level of mistuning and absorption. A similar siioatarises where a second tag is positioned a slstdnce
behind the first one and in line with the transmoisspath from an interrogator. The tag nearesth® t
interrogator creates a "shadow", which reducedi¢he available to power the tag that is furtheragw

In the second case it is also important, whethetdl uses a single dipole, or a dual dipole oilairantenna,
and whether the antenna of the reader is lineartyroularly polarized.



If the reader has a linearly polarized patch ardetime orientation of the single dipole designegiaatenna
must be parallel with with the read field, namelighathe polarization of the reader’'s antenna, otlise these
tags can not be read.

The dual dipole RFID tag antenna design, or a tarupolarized reader antenna eliminates the gmobbf
read-orientation sensitivity. In these cases tlentation relative to each other doesn’t matter.

2.4 Shielding

A particular difficulty with systems operating aHB is that the signal transmitted by an antenna exagnd
over a significant distance. Therefore it is possilbhat tags, outside the wanted interrogationezuoill be
inadvertently activated and the responses fromethgsvanted tags may be read by the interrogatois It
important for installers to be aware of this prableand ensure that the size of the interrogatiol fig the
minimum necessary and does not extend into areasnly contain unwanted tags. This requirement cnegte
particular difficulties in situations where adjat@merrogation zones and storage areas are pliysatase to
each other. There are two possible approachehijdln the unwanted zones:

reflection of the transmitted signal;

absorption of the transmitted signal.

The reflective approach involves placing an eleatty conductive surface in the path of the trartadi
signal. The radio signal is unable to pass thrahglconductive surface but instead is reflectedtoBut in this
case some consideration must be given to the li#tedtination of the reflected signal, since théentéd signal
may bounce off yet further surfaces and end uptlerounwanted areas. It is also important to nbét the
reflections may create holes in the field (due tanding wave nulls), which may prevent the activatdf
wanted tags. Reflective materials have the adventhgt they are low cost. A thin metal sheet worldl
although it is also possible to achieve a very ptatde performance using wire mesh materials.

In the second case materials with good propertiedextromagnetic absorption may be used to pretrent
reading of unwanted tags outside the interrogatiome. As the signal passes into the absorptiveriahtes
energy is largely dissipated. What energy remaith&epasses through the absorbing material cefisated by
it to emerge at much reduced levels. It is impdrthat the material selected is of the correctkimss and
suitable for the intended frequency band. Matenwth phase shifting properties may also reduchl fievels
but they should be used with great care. Correaplglied, EM absorbent materials will help overcothe
problem of reading unwanted tags outside the iotgtion zone.

Absorption materials are significantly more expeasand less robust than reflective materials, aeg heed
to be protected from the effects of the environn{antase of external use), which may reduce tbfficiency.
However in situations where the presence of reftbgtaves is not acceptable, absorption materiajspravide
the most satisfactory technical solution. [4]

3 Preliminary Measurements with the Shopping Cart

In the following chapter we present the preliminaggults derived from several measurements dorte avit
metal shopping cart and several RFID devices, arady signal generator and some other tools:

Alien Genl and Gen2 RFID tags

Alien RFID reader with two antennas

Intermec 751G Pocket PC

IP4 RFID reader (EN 300 220)

Metal cart (having a grid with ca. 3-5 cm spacind & mm thickness on one side and on the bottom)

Rohde&Schwarz SMIQ 03HD signal generator

Rohde&Schwarz FSH handheld spectrum analyzer

Rohde&Schwarz FSP spectrum analyzer

Rohde&Schwarz TS-EMF antenna (80 MHz — 3 GHz)

Agilent Infinilum 54832B oscilloscope

HP Omnibook notebook + Rohde&Schwarz RFEX softwer

Log-periodic antenna (700 MHz — 5 GHz)

Dipole antenna (750 MHz — 1 GHz)

Other accessories (cables, tripod, etc.)
The following measurements were done:

1. Investigation of the RF environment

2. Investigation of inner radiation coming out loétcart (e.g. tags on selves)



Time-domain analysis

Investigation of the influence of nearby metaface (shielded cart)
Functional test of RFID devices

Readability of tags inside the cart

o0k w

3.1 Investigation of RF environment

The evaluation of the distortion of the transmitsgghal in the following three frequency rangesewone:

433-435 MHz

865,6-867.6 MHz

2400-2483 MHz

866 MHz range used by later-discussed RF devices$ ke most importance, but also 434 MHz and 2450
MHz carrier frequencies have been investigatede¢d®¥ID frequencies).

Signals were generated by SMIQ signal generatoradidted by a log-periodic antenna. In the che, TS-
EMF antenna placed in various positions. Measurémas performed by FSH spectrum analyzer with g h
of measuring software running on notebook in sdydeaes of the cart’'s container (basket).

At each frequency, the measument series startédawi¢ference measurement, when direct wave prépaga
was not blocked by the metal grid Radiated powdhefsinewave signal: -10 dBm at 866.6 MHz and d&fh
at other two frequencies.

Power level increased in order to maintain apprataly the same power on the receiver side.

Remarks
At 434 MHz, the log-periodic antenna could not delisatisfying signal level.
At 2450 MHz, greater attenuation had to be comgendsa

3.1.1 Field-strength and power density

Fig. 4. Electrical field-strength at 433 MHz

Fig. 5. Electrical field-strength at 866 MHz



Fig. 6. Electrical field-strength at 2450 MHz

Fig. 7. Power density at 433 MHz

Fig. 8. Power density at 866 MHz



Fig. 9. Power density at 2450 MHz

3.1.2 Shielding effect

The absolute field strength and power density \vakrenot the primarily important parameters to characterize
the shielding. The best way is to define the rafithe peak signal related to the reference vaNe measured it
using different frequencies and antenna positiaag;an be seen on the following figures.

Fig. 10.Field strength related to the reference at 433 MHz

Fig. 11.Power density related to the reference at 433 MHz



Fig. 12.Field strength related to the reference at 866 MHz

Fig. 13.Power density related to the reference at 866 MHz

Fig. 14.Field strength related to the reference at 245 MH

Fig. 15.Power density related to the reference at 866 MHz



3.1.3 Measurements with dipole antenna

Due to the shape of TS-EMF antenna, it could noplaeed close enough to the container’s wall, soeso
measurements with a small dipole antenna were ttarify the influence of the vicinity of the nadtwall.
We did only 3 measurements (reference, in the raiddd by the wall), since there was no significhfference
in comparison with the previous results

Fig. 16.Field strength related to the reference at 866 Mkith dipole antenna)

Fig. 17.Power density related to the reference at 866 tith dipole antenna)

3.2 Radiation coming out of the cart

Significant deviation of field strength and poweangity has not been observed. The radiation vaites
slightly under external radiation. Three measurdméreference, in the middle and next to the metaface)
were done.



Fig. 18.Field strength related to the reference at 866 Nihtzer radiation with dipole antenna)

Fig. 19.Power density related to the reference at 866 Kitirer radiation with dipole antenna)

Fig. 20.Outer and inner radiation with dipole antenna|d~gtrength at 866 MHz

Fig. 21.Outer and inner radiation with dipole antenna, 8odensity at 866 MHz



3.3 Time-domain analysis

The distortion of the RF signal has been investigathe transmitter was a dipole antenna conndot&&S
SMIQ signal generator and placed into containere Téceiver was a R&S measuring antenna and Agilent
54836B oscilloscope. As a carrier frequency 866HzMvas used, with a radiated power level +10 dBm.

To meet the features of RFID devices, amplitude utadtbn was used and modulation depth of the ASK
signal was set to two values (50% and 90%)

Other parameters:

Signal shaping: Gauss-filter (BT=0,3)

The symbol rate: 10 000 symbol/s

Repeated bit sequence: 1011 1010 1111
For comparison, the modulated signal transmittedabfe connection, too (yellow).

3.3.1 Modulation depth (cable transmission) as a referere

" olensl [IETEEN " BT | m | |1 sfeal

Fig. 22.a) Modulation depth as a reference (50%), b) Maiihuh depth as a reference (90%)

Smaller amplitude represents ,1” symbol, the greahe the ,0” symbol

3.3.2 Radio transmission (in the middle)
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Fig. 23.a) Radio transmission in the middle (50%), b) Radiasmission in the middle (90%)

System is loaded by significantly greater noiseeeen on Fig 64 and 65, compared to the referemdiow).



3.3.3 Radio transmission (near the cart’s wall)
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Fig. 24.a) Radio transmission near the cart’s wall (908pRadio transmission near the cart’s wall (50%)

3.3.4 Consequences

The noise makes significantly harder to distinguishsymbols

It happens that in case of ,0” symbol the levelpdréo the amplitude range of symbol ,1”

Close to a metal surface this effect may be stro(dyee to the coupling with the RFID tag)

Cart acting as an antenna is sensitive to otherext RF interferences, too

If the different symbols follow each other with tdigh speed the signal -depending on the frequency
response of the transmitter filter-cannot reacktheeithe maximum nor the minimum value

Thus the amplitude difference between the two syiawvels becomes even smaller

Used modulation depths were pretty high (50%, 90%)

In case of great modulation depth, the signal daator becomes also great, causing the amplifiétr ton
operate with bad efficiency

This solution is unfavorable in cases of stronglyited resources (the passive RFID tag utilizey @mergy
of the radiated signal)

In realization, care must be taken to the propé&rtz@ of the two factors

In the cart -due to reflections- the signal ampliéus exposed to pretty high changes

The changes depend on the position of the RFID tag

Further investigation: Behavior in presence of@selmetal surface (e.g. a closed cart, which helghscing
unwanted reading of tags on shelves)

3.4 Influence of near metal surface

The vicinity of a metal surface significantly reéscamplitude of the signal radiated by the tag alsd
reduces the antenna impedance as a consequerammabecomes mismatched and antenna radiatioreatfic
becomes bad. For this reason the radiated poweeaksss (power can be about 5-8 dB lower) and thB Rig
can be unidentified if the environmental noise poiseaelatively high, the signal-to-noise ratio pgsao a level,
which makes the correct demodulation impossibla asnsequence of higher bit error ratio, the tagreat be
identified.

3.4.1 The measurement

For a radiator a log-periodic antenna placed closel metal surface, and as a receiver dipolenaatevas
used. The radiated signal parameters were thenfimitp

0 dBm power

90% modulation depth,

10 ksymbol/s symbol rate

ASK signal

Signal amplitude changes as a function of the amatedistance from the metal surface observed on
oscilloscope. The following figures show it as adtion of the distance.
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Fig. 26.Radio transmission (50%)

3.4.2 Peak voltage values

We measured the peek-to-peek antenna voltage afitbgon of the distance from the container’s rheta
surface. (see Figure 27) Placing antenna directlthe metal surface, the signal level drops dowmaige level,
thus reading the tag would be impossible.



Signal amplitude as the function of distance
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Fig. 27.Signal amplitude as the function of distance

3.5 Functional test of RFID devices

This measurement was done to test the possibilitgarling the content of the cart at a gate. Effeftsignal
distortion and amplitude decreasement examineddomal RFID operation. Both 1st and 2nd genera®&tD
tags (Genl, Gen2) with amplitude modulation weredusnd two reading antennas were placed facingittee
of the cart.

RFID tags were placed into the cart, as the distémetween cart and antenna was about 1.5 meters.

3.5.1 General conclusions

RFID tags mostly readable, however, their iderdifizn was highly dependent on placing, i.e.:

whether the tag’s plane was perpendicular or pdralithe antenna’s radiation direction

their distance from the metal surface

inserting some object with given permitivity (paper - e.g. book)

changes were not noticed, the identification wasemd
Propagation path blocked by some object contaimater (e.g. human hand) tag was unidentified, ahdnwv
part of the cart’s wall changed to solid metal aoef, tags placed behind the solid metal becamentified.

3.5.2 Genl and Gen2 results
Different behavior of the two tag types were detdcReadability of Gen2 tags were better thandh&enl
tags.
Bad Genl results were detected:
identification highly reduced when the tag’s plamented parallel to antenna’s direction
identification impossible when the tags placedl@dart’s inner metal surface (modified cart)
2nd generation tags identified with better conficken
- the identification failed only if tags placed ontalesurface parallel to the propagation of theatisiggnal and
if tag itself placed parallel, too
in other cases, the bigger Gen2 tags operated iyppthough not with  100% confidence.
placing Gen2 tags on parallel metal surface, thatification became impossible

3.5.3 More tags under real conditions
About 100 tags tested under real conditions, sixt@enl RFID tags were used simultaneously:
At 1 m reading distance, all 16 tags identified
At 2 m reading distance, 14 tags identified
Behavior of tags when moving them also tested. dimation of motion in front of the reader was ab8ut
seconds (normal walking velocity) 10-12 tags welentified



Nineteen Gen2 RFID tags at disposal:
All 19 tags identified from the distance of 2.5 m
In case of moving cart (duration of motion in fraritthe reader: 3 seconds) 17-18 tags identified
Testing case of slower container motion (6 secoedding time) all the 19 RFID tags identified
Reading Gen 1 and Gen 2 tags in steady position:
Out of 36 tags, 22-24 tags identified
Less tags identified when grouped closely sideitiy sach other

Fig. 28. measurements with higher tag population

3.6 Reading tags inside the shopping cart

Mostly Short dipole Rafsec tags (see Figure 29ewesed, but at pure performance some tags weracezpl
by Alien Omni Squiggle tags (see figure 30) fortbetesults.



Fig. 29. Rafsec tags

Fig. 30. Alien tags

The tags were placed inside the cart and were ldamg@lastic tapes to provide more space betwagn(tsee
Figure 31 and 32).

Fig. 31.The first measurement arrangement.



Fig. 32.The first measurement arrangement with differagtgroups marked with the same color.

3.6.1 The Measurements

In the measurements we used the Intermec 751G PBEkeonnected to an Intermec IP4 UHF RFID reader.
The communication between the PDA and the RFIDee&dbased on a so called “lightpipe”, which ituatly
a wired IRDA port with a maximal speed of 115kbpke reader operates in compliance with the ET Sidsted
EN 300 220, the EN 302 208 is not suppported.

The reader operated with the Gen2 standard defiaegimeter “Q” set to 4. During the measurements two
parameters were varied: the radiated power of #wicd and the position of the device in comparigadth the
shopping cart. The radiated power was set to 19078, 65, 55, 45, 35 and 25 percent of the maxirpassible
1W power level (Note: the standard allows only W50 radiate out but it is possible that the rastiapower
level is below 0,5W and the scaling of the devicise).

The first reader position was at the handle ofdd, the plane of the PDA enclosed at an angalegree
to the horizontal plane. The second reader positias at the position of the so called “child’s Sette third
position was at the bottom of the cart, approximysdé 1/3 cartlength from the back wall of the cart



Fig. 33.The first reader position

Fig. 34.The second reader position

Fig. 35.The third reader position

During each measurement the position of the readsrfixed and all the measurements were done &ibut
read cycles long with the Intermec Corporation48RI v0.47 software using continuous read mode.

3.6.2 Problems with the article identification using thelP4 RFID reader

Continuous monitoring of the space over the cart

The continuous reading is regulated in the EN 320 &andard. The standard states that the readgrsioh be
operated with greater than 10% duty cycle. Howetrgr time interval of the reading is not definedc#y, only
the 1:9 relation between the reading and listemihgse is important. The second problem is thatr¢aeder
firmware freezes for a short interval after a dartaumber of read cycles.

Periodical reading of the whole cart content
This situation is problematic because of the tagjtipming: there are some positions (see latewhicth the tags
can not be read. The second problem is that the-métting of the cart is not dense enough to redy e



cart’'s area. However, if it was denser, the nunabe¢he non-readable positions in the cart wouldeéase due to
the standing wave nulls caused by the metallic afalhe cart.

Manual reading of articles marked by a tag
This solution is the simplest case, but it has mdnudisadvantage: if the customer doesn't reathelarticles he
buys.

3.6.3 Tags (labels) in the shopping cart

Tags on the cart’'s wall
The tags marked blue on Figure 32. was placed @nvite-netting wall of the cart. These tags carclassified
into several categories:

the tag Nr190was placed at the bottom of the cart close to¢hder,

tags Nr.43 and49 were placed also at the bottom of the cart butffam the reader

tags on the cart’s front wall

Nr. 45 and4D above
Nr. 44 and47 below
Tags on the cart’s side wall
Near to the reader (Nt11landD1)
Far from the reader (NCA, CD, 40, 46)
The tags can be further classified in compliandh wie tag types (Alien or Rafsec)

Readability depends on the radiated power levelhdr levels caused more tags to be readable ihrak
reader positions. In case of the first reader rsit lower power level (23dBm) only tag Mi5 was readable.
Increasing the power, tag Nt90 was the second at 27dBm, then M@.at the maximum possible setting of
30dBm.

The other tags belonging to this category weresgidable in the first reader position. (see figuse 18 the
second reader position (seen on figure 34) the éagd7 and 49 were also readable using the highest power
level.

The third reader position (see Figure 35) wasmit better than the second. Moreover, the tagd@rwasn’t
readable any more.

All the mentioned tags in this measurement wereenadRafsec. Placing additional — this time, Aketags
at similar positions to the tag NtO (these were NICA andCD) and near to the readerl(11andD1) we found
that these tags are performing much better tharReifsec tags: they all were readable in all theameader
positions, however, in the second and third regdsitions the tags N.111andD1 were behind the reader’s
antenna. This result can be explained by the dinectharacteristic of the reader’s antenna, whish eadiated
backwards (tested by placing a tag behind the rade

On the other hand, there were some tags that wereeadable in neither of the three reader postimd
radiated power levels like tag N43, which was placed on the bottom of the cart. Tag Nr. 4D did not
perform much better than ti&, however, it was placed apparently in a similasifion to the Ni45.

The tags Nr44 and46 in front and on the bottom of the cart were alsoeadable, due to the effect of the
cart's denser bottom wire-net, and there were rtege between the reader and the named tags. Isitiiigion,
replacing the Rafsec tags with Alien tags didnpheither, however, in all the situations mentioredore the
replacing caused good readability thanks to thatgrdorm factor of the Alien tags.



Fig. 36.Tags behind each other

The detection of the tags placed on the bottonhefdart was improved by placing a thin (0,33mm}kiita
sheet between the tag and the cart’s bottom wite-ne

Labels in the cart, near to the reader

This category contains the tags N7, 38, 7A, 7D (tag’s plane perpendicular to the cart’s bottoanpl and
near parallel to the readers plane, the tag fapesnd) ,3C and 7B (tag’s plane perpendicular to the cart’s
bottom plane and the readers plane, the tag fadeward) andBB which was parallel to the cart’s side walls
and its plane was perpendicular to the readereplan

It can be generally declared that these tags (éxbep7A) were readable using the lowest radiateep
level and in all three reader positions. Nr. 7A weadable only from 27dBm in the first reader positbut this
tag performed better in the other positions.

Labels in the cart far from the reader

This category contains the tags whose first digitsw) or A. Beside these we can differentiate more
subcategories (tags face sideward or upward, talggd others). For example tag Nr. 08 was placefdoim of
the others, which can be harmful because the aascare made from metal. Thus, this tag shieldstier one.
On the other hand, they can mutually detune eabbrstresonant frequency because of the added glarall
capacitance caused by the near metallic material.

These tags performed very well during the readewst At 30 and 27dBm power levels all of them were
readable, at 25dBm tag Nr. 03 was no more readabl23dBm its signal was again detectable but aeilo
levels no more. Nr. 02 performed a little bettér2 adBm power level its read count was about hathe read
count of the others and at lower levels it wasgetdable any more. At the lowest possible powerl lestting,
even the signals of tags Nr. 08 and OC were netoctigble any more.

The tags whose tag ID started with “A” were almalstays readable (only the AD wasn’t at 15dBm)

Labels outside the cart

It can be seen on Figure 33 that there were aly® datside the cart's area. Unfortunately the readald
read these with good efficiency. The tag placefildnt of the cart was almost always readable (bel@dBm no
more). The measurement results of the tags plaesitid the cart were a little better: the two ndavnese
almost always readable, the second nearest wedabigaonly at higher levels than 23dBm. The fatthesre
never readable (not even at the highest power)level
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Fig. 37.Tags outside the cart

It can be said that if we use tags made by Aliea readability can be improved. In measurements migher
tag populations there were also some positionshiciwthe Rafsec tags weren'’t readable (tags ondhés wall;
tags behind each other) but if we replaced thesle Alien tags the readability improved.

4 Conclusion

In this paper we summarized requirements and tissilple operation modes of an Intelligent Shoppiagt.C
We presented the main problems that can ariseisnetivironment. Finally we presented results framesal
measurements with a metallic shopping cart. Basetthis, we can conclude, that there are sevenas sthead to
make a secure, reliable and easy-to-use “Inteltli§opping Cart”
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