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J Oplopo¢

To Aladiktuo Twv TrpaypdATwWV (loT) atroteAei 10 dIKTUO ETTIKOIVWVIOG
TTANBWPAC CUOKEUWYV, OIKIOKWY CUCKEUWYV, QUTOKIVATWY KABWC Kal KABE
QVTIKEIMEVOU TTOU EVOWMATWVEI NAEKTPOVIKA PECA, AOYIOUIKO, aioONTAPEC
Kal ouvOeoIyoTNTA O OIKTUO WOTE VA ETMTPETTETAI N OUVOEON Kal N
avTtaAAayr) OEOOUEVWV.

AtTAouoTepa, N @IAoco@ia Tou loT gival n ouvdean OAWV TwWV NAEKTPOVIKWYV
OUOKEUWV METACU TOUC ( ) 1 pE duvaTtdTNTa OUVOEONG OTO
O1adiKTUO ( ).

(Wikipedia)

e
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Oplopo¢

To loT PpEpvel/ mMPoyUATOTOLEL:

Dr. C. Bardaki

>uvdeowpotnta (connectivity) petaév ‘things’ oe kabe xwpo Kat kabe
OTLyHN,

Autovopn kot AodaAng avtaAlayn 6e60UEVWY LETAEY CUOCKEUWV
Kal edapuoywv/ cUCTNUATWY,

AlaouvOedEUEVN OLKOVOULKN KOl KOWVWVLKA (wN,

QuoLkec SpaoTNPLOTNTEC oToV LOeaTo Ywpo (virtual space)
ATiEPLOPLOTEC EDOPUOYEC YLaL «EEUTIVNY {WN KOl «EEUTIVECY
ETILXELPNOELC.
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Ouclaotikd, To loT mMaPEXEL yia TA OVTIKELHEVA

Movadikn avayvwplon
MAnpodopila os paypatiko xpovo (real time) yla
e Q¢on
e Kataotaon
* [leplexopevo
|6eato/ Pndlako amotunwpa (digital footprint)

YuvdeoLpuotnTa oto Aladiktuo

Avvatotnta avtaAlaync dedopevwy



loT is driven by:




Sensors @

Light sensor Motion sensor Sound sensor
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Sensor to Actuator flow Q
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Sensor Control Center Actuator
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Temperature Sends this Control center Sprinkler turns
sensor detects  detect signal to sends command on and puts
heat. the control to sprinkler. out flame.
center.
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Sensor to Actuator flow

Sensor

Measures the physical world and converts it into
digital data.

¢ |nputto the information system

e Examples: temperature, humidity, GPS, vibration, weight,
optical sensor

e SCM use: monitor product condition, asset location,
machine status

Example: a sensor detects that a refrigerated container has
exceeded 8°C.

~~
@

Actuator

Receives a command and changes the physical
world.

e Output from the information system

e Examples: valve, motor, robot arm, smart lock, relay, cooler
controller

e SCM use: sort, route, lock, release, adjust, stop, move

Example: an actuator increases cooling or locks a dock door after
an alert.
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€ CONNECTIVITY

These inputs are digitized and placed onto networks.

LTE Advanced

Cellular 4G 7 LTE

3G - GPS / GPRS

2G / GSM / EDGE. COMA, EVDO
WEIGHTLESS

WIMAX

UCENSEFREE SPECTRUM
DASH 7

Pt PG UDP DTLS RIL Teinet MQTT DOS CoAP XOAPP HTTP SOCKETS REST AR



\/ ~ RFID as an loT enabling technology

'

RFID tag RFID reader Middleware Business app
chip + antenna radio interrogation filter + decode WMS / ERP / TMS

e Passive tags: low-cost, no battery, powered by the reader signal;

common for items, cases, pallets, and retail inventory. .
* Active tags: battery powered; longer range and richer sensing, UL L) O £
useful for containers, high-value assets, and yard operations.

J EP(? s.tanda.rds assign unique identifiers to phyg.ical gpjects, Seen at receiving gate
logistics units, locations, and other supply chain entities. Moved into storage
e Compared with barcodes, RFID can read many tagged items Picked for order

. . . . . Loaded on trailer
rapidly and does not require direct line-of-sight. ot o et

RFID gives objects a machine-readable identity and supports automatic event capture

S
Dr. C. Bardaki u \ - e



g RFID (Radio Frequency Identification)

* Automatic Scanning —requires no line of sight.
* Unique object Identification (e.g. pallet, case, product item)

* Components

v RFID Tag: Chip + Antenna . / c:,“
v Reader S " Antenna

SO et LI
J u Q)

u ).
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RFID data @

Application
Air interface
Data
Clock
RFII? reader : Eneray . RFID tag
with internal or = v with antenna
external antenna . Data A -
Ehergs Attachment by gluing,

riveting or other method

Infrastructure Carrier object



\/ B RFID installations
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RFID gate
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€) PEOPLE & PROCESSES ~/

These networked inputs can then be combined into bi-directional systems that integrate data,
people, processes and systems for better decision making.
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Processes
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loT Data flow

A — 4
p
/

' Sensessurroundings | | Store and analyze Controls the analyzed - Share useful information |

and collects data

Mobile, router, wearable,
thermometer, etc.

data transported from
connected machines

b

_/

data and provides
service to end-user

with other people

B

®
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\/’ \’rgT architecture: how an event becomes a

decisi )
ecision
-
g
\ 'd \ 'd N\ ( \ 'd
. 2 Capture layer 3 Connectivity 5 Application
1Physical layer RFID, barcode, GPS, BLE, Wi-Fi, 4G/5G, 4Edge/cloud WMS, TMS, ERP, control
Product, pallet, container, X . . Filtering, storage, .
. temperature, vibration, LoRaWAN, satellite, . . .. . tower, alerting,
truck, machine . integration, digital twin L
weight Ethernet optimization
(N J (N J (N J . J (.

e Atemperature sensor on a pallet records 8.5°C for a product that must stay between 2°C and 8°C.
e The gateway forwards the event to the cloud; the application links it to shipment ID, route, carrier, customer,

and SLA.
e The controltower triggers an alert, suggests diversion or replacement, and records evidence for quality

compliance.

< .
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Track location and condition of products,
pallets, vehicles, and equipment in near real
time.

Quality and
compliance

Record chain-of-custody, cold-chain history,
shock exposure, and tamper evidence.

Advantages for SCM

Inventory accuracy

Reduce manual counts, mis-scans, misplaced
stock, and stockout surprises.

Predictive
management
Detect equipment degradation, route delays,

demand changes, and replenishment
exceptions earlier.

Faster operations

Automate receiving, put-away, picking, loading,
yard checks, and proof-of-delivery events.

Sustainability

Reduce waste, empty miles, spoilage, excess
inventory, and unnecessary safety stock.




Disadvantages and implementation risks CJ

Cost and ROI Integration complexity

Tags, readers, sensors, gateways, software, integration, maintenance, Legacy ERP/WMS/TMS data models may not handle high-volume event
training, and process redesign. streams or item-level identity.

Data quality Security and privacy

False reads, missed reads, sensor drift, battery failure, calibration errors, Connected devices expand the attack surface and may expose sensitive

location or customer data.

and duplicate events.

Interoperability Operational disruption

Different standards, suppliers, protocols, frequencies, and data formats can People may bypass systems when workflows are slow, alerts are noisy, or
block scaling. accountability is unclear.



Paper

loT-based tracking and tracing platform for prepackaged food
supply chain

Li, Z., Liu, G., Liu, L., Lai, X. and Xu, G. (2017), "loT-based tracking and tracing
platform for prepackaged food supply chain", Industrial Management & Data
Systems, Vol. 117 No. 9, pp. 1906-1916.
https://doi.org/10.1108/IMDS-11-2016-0489

e
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Introduction

* Research purpose / Research question(s)

Proposing an effective loT-enabled real-time tracking and tracing platform for prepackaged
food supply chain in order to ensure safe food consumption

 How to design an economically solution to realize item-level real-time
tracking and tracing?

o How to build an integrated tracking and tracing platform for
prepackaged food during the whole supply chain?

 How to support the identification of the casual factors when safety
incidents appear?

 How to facilitate the decision-making processes based on the mass real-
time data collected?



Introduction

 Research motivation

Prepackaged food plays a more and more important role in modern lives as it
could bring many benefits, for example, it is much more convenient for usage
and storage.

However, with the booming of prepackaged food industry, the food safety
incidents increase accordingly -> decrease the confidence of consumers and
even bring about severe public health impact.

* Research approach - Design and development of the platform, case study

Dr. C. Bardaki A\ / -’ /
P\



Introduction

 Summary of results

the platform is proved highly effective and beneficial for all the stakeholders
involved

the integration of the QR code and RFID technologies is proved to be
economical and enables real-time data collection

* Contribution
the technical architecture of the loT-based tracking and tracing platform
integration of QR code and RFID technologies -> cost decrease

information sharing between stakeholders -> guaranteeing the quality and ™
safety of prepackaged food

I
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Related work / Background

Food supply chain refers to the processes from food production, processing,
distribution,

to consumption and disposal.

A lot of research has been made through using various emerging technologies to
guarantee the food safety and maximize the economic benefits in a specific food
supply chain process.

e Thakur and Hurburgh (2009) proposed a system for bulk grain supply chain
traceability.

* Kong et al. (2013) presented the quality traceability system for bee products.

* Bechini and Cimino (2008) developed a prototype of traceability web information
system for the food supply chain to track and trace product units.

et \/ - ,\,/\
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Related work / Background

Qiao et al. (2013) proposed a vegetable safety traceability model by integrating
two-dimensional barcode technology and web service technology.

Tavares et al. (2012) designed a tracking and tracing solution in supply chains by using a
qguick response code.

Hsu et al. (2008) proposed an RFID-enabled traceability system for live fish supply chain
where the RFID tag is put on each live fish and is regarded as the mediator which links the
live fish logistic center, retail restaurants, and consumers for identification.

Azuara et al. (2012) implemented a secure traceability system with a cryptographic
operator. The system could identify fakes and potential counterfeits, which could
significantly reduce the cost of security management.

et \/ - ,\,/\



Related work / Background
—' :_t-:" OF oS
QR code - guick response code ,**'f:’ o }’“"
e sfi%;@
a two-dimensional version of the barcode
conveys a wide variety of information almost instantly with the scan of a mobile
device.
stores up to 7089 digits or 4296 characters, including punctuation marks and
special characters,
it can encode words and phrases such as internet addresses.
=
the more data, the bigger size increases and the more complex structure
: s \/ I
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Related work / Background

RFID uses radio technology, using a
combination of frequencies that each have
their own use cases.

Depending on the RFID frequency, read
distances can range from centimetres to
long-range (100+ meters)

Utilises radio technology to be able to be
tracked and give real-time information and
updates.

Real-time data can be captured at multiple
stages, with the ability to scan multiple
RFID tags in a short space of time.

, RFIDTags vs QR Codes :

/

(=)

QR codes use optics technology (lasers),
which are easier to generate on a mobile
device or for temporary usage.

QR code technology requires a camera to
recognise the code - limiting read
distances to directly in front of a reader

Quick Response (QR) code is static and
information is only transferred once it is
manually scanned.

QR codes have no limit of information
being transferred as they normally transfer
to a URL, meaning lots of data can be
'stored' on a QR code

A
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SOA

5 layers

perception layer
data layer
service layer
application layer
users layer

XML schema facilitates
the data exchange
among various
heterogeneous systems

XML - one of the most widely-
used formats for sharing structured
information today: between
programs, between people,
between computers and people,
both locally and across networks.

Dr. C. Bardaki
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Proposing an loT-based tracking and tracing

QR code for every
prepackaged food
item

RFID tag for
different levels of
packaging



Key services Q

0 Consumers can scan the QR code by their smart phones to
capture the safety information of the prepackaged food.

provide warning information for potential problems.

Tracking and Tracing Evaluation and Warning

Servi RIS Data Analytics Service

Service

Smart Prepackaged Food Lifecycle Management Service
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\J 9mart prepackaged food lifecycle management ®
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Case study

Guangxi Wuzhou Double Coins Industrial Co. Ltd (GWDCI) - one of the largest
prepackaged food producers in South China.

Annual production of its representative product, tortoise jelly, has already exceeded
1,000 tons.

Several Challenges:

» very difficult to control the quality through the whole supply chain

* when safety incidents occur, it is difficult for GWDCI to identify the casual
* Factors

* lacks an effective method to get feedbacks from consumers.
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Case study - implementation e
o

Enterprise Product Customizing
Authentication Authentication Product code
Creating product information = I H _ _
i b et Transmitting product code A middle-level package - 24

boxes of tortoise jelly.
@ 1

RFID tag - 0.66 dollar
Manager

Packaging - '
Line :

Automatic Cartooning c : - :
Machine Coding Machine Packaging Machine




- \
o
Case study — management processes e
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- Discussion and Conclusions

Several benefits of the platform

Enables the company to monitor the whole process of prepackaged food supply chain.

* The implementation cost could be greatly reduced through adopting the integrated QR/RFID
solution.

Example: 1,000 boxes per day -> combination method = 28.02 dollars, RFID only = 660 dollars

* Builds an effective consumers’ feedback channel for companies -> great help to improve the quality
of the products

* |dentification of causal factors when food incidents occur.

"/
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Stock visibility for retail using an RFID robot
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™ ¢ IKOTOC - TPOTEIVEL VA AUTOVOLO POUTIOT yia artoypodr) arnoBspdtwyv pe tn xprion RFID
(avayvwplon og eninedo TEPAXLOU) UE TIOAU peyaAUTEPN aKPiBELO KOl ATTOTEAECUATIKOTNTO OO
NV tapadoctokn peBodo pe TN xprion avlpwrmivwy XelpLlotwy Pe dopntolc avayvwoteg RFID.

* Mpwtotunio/aéio - To poumot KaAeltat va amoteA€oel Baokn mnyn dedopévwy anoypadnc mou
ouppopdwvovtal pe tn dLaxeiplon TNG edpodlaoTikAg aluoidag Kal To ALaVLKO EUTTOPLO TTOVTOC
KavaALoU.

* AMOTEAECHOTA - EVOL QUTOVOLLO POUTIOT Lo TNV amoypadr anobspdtwy eival ePpikto. Me tnv
epappoyn evoc KataAAnNAou cuoTHUOTOC TTAONYNONC, 0€ OUVOUAOUO E TN PO TWV
TOUTOTIOLNCEWY, N aKPiBELA, N CUVEMELA KoL O XpOVOC OAOKANpwaonc armoypoadnc elvol
ONMOVTLKA KAAUTEPOC aTto TNV EKTEAEON TNG LOLaC Epyaociag xelpokivnta.

- e )
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® Jopdwva pe toug Hofmann kat Riisch (2017), umootnpiletal otL n xprion TexvoAoyiag NMAnpodopiknc kat Emkowwviwy Kabwc
Kal texvoloyiog RFID ¢p€pvel TpELG ouvioTwoeg aglag Yo Toug teAdtes otn dlaxeiplon TNG ePpoSLAOTIKAG
aAuvoidag (SCM)

Agia AlaBsoi1poéTNTOG

H otroia avagépetal otn d1abeciudTNTa TWV Ayabwyv ) Twv
UTTNPECIWV

Agia Wnoeilakng OAokARpwong

H otroia emTpéTTel TNV IXVNAACIUOTNTA KATA UAKOG TG aAucidag e@odiacuou | —
OTTOU PE TN OEIPA TNG ETTITPETTEI ATTPOCKOTITO KAI ATTOTEAECUATIKO XEIPIOMO
TTaPAYYEAIWY Kal YEVIKA dIAdIKATIWY .

Agia Wnoelakng ESutrnpéTnong B

Mia TTpO0oBETN agia TTou dNPIOUPYEITAI JE TV TTPOCOAKN WNEPIOKAG dIACTAONG O€
(PUOIKA QVTIKEIPEVD

e
A 4

e | Q)
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Mtuxec Epodlaotiknc AAuoidac(SCM)

~ Aayeipion AmoOspdtwy

Ao TIc Stadopec mruxEG Tne Staxeiplong edpodlaoctikic alvoidag (SCM), n Slaxeiplon Twv amoBepdatwy amoteAel
kKAeLOl. H avakplBnc kataypadn twv arnoBepdatwv (IRI), dnAadn n acupdwvia HeTall KaTOyEYPAUUEVOU Kol GUCLKOU
amoBO£ATOC, CUVETAYETOL AMWAELA OTNV ala TwV oTolxelwv tTNG aAuaoidac epodlacpou.

Awaviko Eunoplo

21O ALAVLKO EUTOPLO, N artpocdokntn KN SLabeciuoTnTa EVOC MPOIOVTOC ATTOTEAEL KUPLOL TINYH ATTOYONTELVONG TWV
niehatwv. n tnyn ¢ IRl BplokeTal KUplwg 0TOUG XWPOUE TWV KOTOOTNUATWY, TIAPA OTLE amoBnKeg. AUTO Umopel va
g€nynOel ano: opalpota cuvaAlaywy, pia AavBaouevn tapelakn e€opAnon f entotpodry, AavOaopEVEC TOTTOOETACELG
Kol LElwon amoBEpatog mou MPOoKUMTEL amo kKAomn, aAloiwon 1 $Oopd Twv edwv.

ITPATNYLKN HETPLaCHOU TNC IRI

H ouvnOn¢ otpatnytkn - 510pBwon twv amobepdtwy He Xewpokivntn anoypadr xpnolponolwvtag ite barcodes eite tnv
texvoloyia RFID. Akoun kat n amoypodn amoBspdtwyv pe Baon tnv texvoloyia RFID gival toco evepyofopa 600 kel
avaKPLBAG. H xprion pOUMOT yLo TNV auTopatonoinon anoypadrnc anobBepdtwy e tn xprion texvoloyiag RFID pnopel va
amoAAAEEL TOUC aVBpWTTOUC ATIO VAl EMOVOAXUBAVOUEVO KOl KOUPAOTLKO £PYO TIOU EVAL EYYEVWC ETILPPETIEC O€ AN
KOl vaL LUENOEL TN ouXVOTNTA TWV amoypadwv.

Dr. C. Bardaki - \/ \ /. ot /
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TexvoAoyia RFID

Aiaviké Eptrépio -

RFID

Metpraopog tnc IRI w)

Mapoxn real-time Twv d1aBECIUWY TTPOIGVTWY EVTOG KATAGTAUATOG
Meiwaon eaivouévwy €£avTAnan atroBepdTwy

‘EAeyX0 atmofepdtwyv

E&aAeiyn uttép-atroBepaToTToinong

» TauToTToiNcN XWPEIG OTTTIKN ETTAQT)
» PuBpog 750 Tautottoinoeig / sec

= ACIOTIOTN TTapakoAouBnaon

= Eviomopog e1dwv

= Eg@appuoyr dladikaciwyv omnichannel

= HAekTpovikr] MNMapayyeAia

» [MapaAafr] NAEKTPOVIKWY TTapayyeAIwy atrd katdoTnua (pick & pack)

> BeAtiwon mapadooiakng katapérpnon pe RFID TTou yivetan xeipokivnta
» Xprion ouvdéuacopou KIivnTAg pouTtroTikAG pe RFID
» Autopatotroinuévn diadikaaoia, pe akpiBeia, Aiyétepo datravnpr] kai real time



Schairer (2008)

Thirumurugan (2010)

Bertolini (2015)

Rizzi &
Romagnoli (2017)

Dr. C. Baiaans

Background

= AELTOUPYLKA TIPORAN AT ArtoBnKwv
= ‘EAAewn ouvepyaoiag akadnuaikng €peuvag — Blopnyaviog
= AUOELG anA£G , SLaLcONTIKEG ELOTILOTEG

> Poumnot pe RFID yla avayvwon mpolovtwy o€ LOKETA yLo super market.
» Aedopeva RFID amotunwvovtal o€ Tplodldotoro eptBailov
> Z0otnpua oAAQ UTtooXOUEVO aAAG e EAAELPELG OE MELPAUATIONOUG KOl AETTOUEPTG AVAAUGN G TWV OTOXELWV aoypadrg

= Pournot rtou akoAouBet ypappn — dtapalet barcodes og BLBALOOAKN

» RFID o€ amoBnkn eumepLEXEL EUKALPLEG Kal EUMOSLA yLa TNV ULOBETNON TNG
> Mia aféBoan anodoon enévduong (ROI) cuvdéctal pe piat avtiAnrer) anotuyio anodoong

» RFID vs Barcode ple GUOKEUT XELPOG OE TIPAYUOTIKO KATACTN AL,
» JUUMEPACUA :
> Anoypadn pe RFID mio aglomiotn amo xprion -> Akpifeia : 90,6% - 98,7%

= Anodoon tTwv evaéplwy kepalwy RFID Tou gival eyKateoTnUEVEG 0TNY 0podr] EVOG KATAOTHUATOG ALOVIKAG
= Méon akpipela 93%

» MNapouactdlel 0pXITEKTOVLIKY Kot aAyoplOuoug rtou Bacilovtal to poumnor.
» 2 Slabéoipa epmopikd poumnot anoypadng RFID sivat Slabéoipa

» H otpatnytkr mhonynong Kat oL emSO0ELG TOUG SEV £XOUV artom)\ud)esMr']uspa J S
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Mpotaon — er\élacuéq robot

‘EAeyxog
MAorynong
yla akpifela
Kol TaxutnTa

umoZUoTNUA
aVayvVWwPeLoONG
ue RFID

UTIOZUOTNHA
KLVNTKOTNTOG
& autovopiag
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Mpotaon - ZXeSLGOC

Z0otnua RFID

Avayvwpllel avTiKeipeva €wg 6 HETPO

Kepaia tomoBetnuévn 0TO POUTIOT CTPAUMEVN TIAQYLA

Tautonoinon avTKELEVWV Kal OTLC 2 TTAEUPEG Tou SLadpopou

6 Kepaieg / MAeupad -> peylotonoinon pubuol avayvwaong -> EAAXLOTOTOLNGCN XAUEVWY AVIXVEVCEWV
3 avayvwotec RFID tpododotouv Ti¢ kepaieg (1 avayvwotng — 4 Kepaleg)

YVVYVY

Z0oTNUA KLVNongG
» Robotnik’s RB-1 commercial autonomous base (Guzman et al., 2016) pe customizations specified by our team.
» Sensors, actuators (laser rangefinder, RGBD cameras, IMU and motors);

» CPU, the brain of the robot kat battery

MAoriynon

» Hmhonynon ekteleital o€ TuApata (€vag LEYAAOg Xwpog amoBbnkevong xwplletal o HIKPOTEPEC UTIOTIEPLOXEG
A TUAMLOTA) YLO ATTOTEAECUOTIKOTNTO KAL EMEKTOCLLOTNTA.
» HmAonynon AapBavel umtoyn tTng TNV MUKVOTNTO TWV KN AVOYVWPLOUEVWY tags.

&, ® S
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‘EAeyxog mAorynong — Artoypadr)

1o Ztadio : Avayvwpion (xaptoypadpnon)

» 08nynaon poumoT yla anotunwon nepLBAAAOVTOG Kal anotunwaon/dnuoupyia xaptn
» NapépPaocn and avOpwrivn mapouaoia

20 Ztabo : Artoypadn

» Poumnot mhonyeite autovopa
» Xwpic mapéuBaocn and avbpwrivn mapouacia
» Me nAnpodopieg mou cUAEyovTaL KATA TO 0TASLO TNG AVayvVWPLONG

Kataotaon nAonynong
*  To pOUTOT KIVELTAL TTPOC TA UIPOC KATA TNV 0APwon £HO00V N TOCOTNTA TWV YUPW OVTLKELLEVWY EIVAL OPKETA XOUNAN WOTE va
UTITOPOUV VA aVOyVWPLOTOUV EVW KLVELTOL.

Kataotaon Twist
* To poumoT oTapaTA Kal oTpiBeL oTn B€0N TOU MPOKELUEVOU VA SLOPOPOTIOLCEL TO TTIPOCAVATOALOUO OAPWONG, L0 AOYLKN
ouumePLPOPA AV N TIOCOTNTA TWV AVTIKELUEVWY £lval TOoo uPnAn ou Sev pmopouv va SLaBactolv OAa EVW TIPOXWPAE
UMPOOoTA.
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EAeyxog mAonynong — Arntoypacr)

Mnkog SLadpopwv

AV KOlL TO POUTTIOT UITOPEL VAL VOYVWPLOEL AVTLIKELUEVA EWG KAL 6 LETPOL N TIOLPOUCLO LETAAALKWV
padlwv prmopoLv va. umAokapouv to onpa RFID. Emopévwe to poumnot dev Baoiletal otnv
EUBEAELA avVaYVWPLONG KOL TIPOTLUA VAL ETILOKETTETAL OAOUG TOUG SLadpopous. Me autov Tov TPOTo
g\aylotomolouvtol Ta arnpoPAEmTa UAoKaplopATa CAMATOC KoL aAuEAVETAL N akpiBela

Mnko¢ S1adpouwv BewpoU e To GUVOALKO HAKOC SLadpOouwv o SeSopEvn TtEpLOXH EKPPACUEVO OF
HETPA. AlveL pLa LO€a yLaL TNV EKTOON TNG Epyaoiag amoypadng, Kabwc SLveL TNV MPAYHOTIKA arnootacn

TIOU TIPETIEL VA SLOVUCEL TO POUTTOT VLA VAL avayVwPLoeL OAa TaL oToLKE(Q.

Aldpkela epyaoiog anoypadrng Tou POUTOT avaloyn HE To UKo TwV SLadpopwv
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EAeyxog mAonynong — Arntoypacdr)

Toaxutnta

H toxuTtnTta EVOG pOUTOT TToU KLVELTaL O€ €vav S€S0UEVO XWPO EQPTATAL ATTO TNV ATIOCTACH TOU A0 TA EUMOSLAL KAl
arno 1o €idog kat to mARBo¢ Twv otpodwv mou nepthapBavet. Otav ta epnodia Ppilokovtal KOVTA Kal o€ oTPOPEG, N
TaXUTNTO TOU POUTIOT PELWVETAL. ETOpéVWG, pia TARPNG TTAorynon o€ eupu kat euBL dladpopo eivat Taxutepn amnod oO,TL
pia avtiotolyn o€ otevo Ladpopo e OANEG oTpodEC. Katd ouvemeLa, n Stapkela TnG amoypadng eaptdtal amno ta
XOPOKTNPLOTIKA TNG Statagnc.

MoAumnAokotnta

H rtoAumAokdtnta utoAoyileTal wg To PRKoG Twv Sladpopwy ava povada enidpavelag. Mmopel va BewpnBet wg n
QMOOTACN TIOU TIPETEL va SLaVUBEL yla Tn odpwan eVOC TETpAYWVIKOU LETPOU, Sivovtag pia b€ TNG MOAUTIAOKOTNTOG
¢ dataéng, adol 600 MEPLOCOTEPA PETPA OE L0 SESOUEVN TIEPLOXN, TOCO MEPLOCOTEPEG OTPOPEC AVOUEVOVTAL..

A&ileL va onuelwBOel OTL N TOAUTTAOKOTNTA LV Eva LETPO TIOU lval aveEdptnto amnod 1o PEyeOog Tou KATACTAATOC,
apa av to HéEyebog Tou Kataotnuatog avénbeil aAla dtatnprost tov idlo TUTo SLatagnc, To MOCOOTO MEPUTAOKOTNTAG Bal
TIOPAHELVEL OTOOEPO.



AplOpnTika ZToyela

Akpipela Antoypadng oplletal we TO TOCOOTO TWV DETIKWV AVAYVWPLOEWV EVOC ATTODEUATOC O€ OXECN UE
10 baseline evw to IRI elval n avakpifela petaél TOu TOU MPAYUOTIKOU AMOOEUATOC OE OXEON UE TLG
KartaypadEg

AnoteAeopatiki Taxvtnta

‘Eval pouUTIOT IOV TTAONYELTOL 0 akataotata Kol petafalAopeva meptBailovia avTpeTwtilel SLapKwg
KQTAOTAOELG OTLC OTIOLEC TIPETEL VAL aAANAEEL TTopELQ, OTIWC YyLa TTAPASELYHa AmpoodOKNTWY EUTIOSLWV 1)
QTTOYOPEUTIKWY OTEVWV SLadpOUwV. ATIOTEAECUA, OL SLAVUOUEVEG

QTTOOTAOELG ELVOL YEVIKA pLEYaAUTEPEG amo TN BEATiotn Stadpour). AvtiBeta, éva ATOUO OE TTAPOLOLEC
KATAOTAOELG TLG TIEPLOCOTEPEC POPEC UIMOPEL VA KAVEL EALYLOUC XwpPLE va auénoel tn Stadpopn tou.

Lo TNV cUYKPLON TWV TAXUTATWVY aroypadnc npEmeL va Aapfavetat urtoPLv To TAEOVAC O TOU XpOVoU
TIOU TIPOKUTITEL ATTO TNV EMUTAEOV AOOTAoN. [la TO OKOTIO AUTO, avTL va e€€TALETAL N TIPOYULATLKN
amootaon mou dtavuetal, eEsTAlETAL N TIPAYHATIKI TaxUTNTA N omola

TIPOKUTITEL ATTO TO PAKOC TWV SLadpOwV.

'
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~ ¢ Mavernotnuiokn BLPAL0ONKN
e kwdlkomoinon kot tomoBetnon RFID etiketwyv o€ BLBALa
e 3.000 BLBALC LE ETIKETEC.

XOpOFTPLOTING Yyaspgn ofia
TUTod OVTLKELPEVOU Bufhio
Extoon (ma ) 120
ApuBpoc OUTIKELEYWY 3115
Miaroc Swabpauou fm) 1,056
Muevornoo (orougenmae | 26050
Mrjeog SLodpopey (m) 042

Mohumiokotnra (mima2 )

S
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- Newpapa - agloAoynon (I

Z1ox0¢ akpifelag >=99%. — oL SLaxelploTEG logistics kat emixelprioewv ALavVIKN G TwANong Bswpouv OTL auth elvat n eAdxLotn akpifela wote Ta

" anoteléopata TS amoypadic va eival aflomotiotpa.
MPOYUATOMOLELTOL [LLal OELPA SOKLLWY TIPOKELUEVOU Va EMAANBEUTEL N CUVADELA TWV TTOPAUETPWV.
I |
=
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AnoteAEopatal

Robot Handheld

Accuracy (M) by B
Duration () 235 08

» Ta anoteAéopata TG SOk (i) Seixyvouv OTL TO KATWTEPO OPLO TOV 99 % Sev Umnopel va emitevyBel
LLE TN pUOULON TOU POUTIOT va TTAONYETal Xwpic aAAnAETdpaon HE TNV TPOO0SO TWV TAUTOTIOLCEWV
RFID, akOun Kol LETA o Técoepa (4) mepaoparta.

» Ta amoteAéopata TG SokNC (ii) amokaAUmTouV OTL pe TNV edappoy EVOC EAEyxou Ttou BaoileTal oto
NMANO0C¢ TWV TAUTOTMOLACEWY, HETA aTto Eva SeUTEPO TIEPACHA N HEaN akpifela ptavel to 99 %, av Kol TO
TI0000TO 99 % Oev elval eyyunuEVO o€ OAEG TIG EaVAANPELG, EKTOC AV XpnoLpomolnBolv TEcoepa MEPACHATA.

» Ta amnoteAéopata tn¢ Sdokiunc (iii) Selxyvouv OTL N mMpooBnkn MG TepLoTpodnG €lval Kplown ywa va
amobidetal otabepn akpifela dvw tou amattntov. 2tnv (iii) dokyun ot pécot 6pot akpifelag eival mavw oo
99,5 % pe U0 N MEPLOOCOTEPA TEPACUATA KOL €(val TTAVW OO TO OPLO TOU 99% OTIC TIEPLOCOTEPEC

eMavaANPELG LE EVA LOVO TIEPACLLOL. ®

» JUUTIEPAOMOTIKA, N KaAUTEpn puBuLon ocov adopd TNV akpifela €ivat n puBulon mou mephapPavel
neplotpodn Kot Touldxlotov dUo mepaopata. Q¢ ek TOUTOU, KATOOEIKVUETAL N ONUACIiO TwV TIOPAUETPWY, /
5e60UEVOU OTL TO POUTIOT UMOPEL va emITUXEL oTaBepd akpifela avw tou 99 % Hovo €Av XpNOoLUOTOLOUVTAL N
neplotpodn kat ta thresholds. Q) /
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w “A£10AOYNON GE TPAYHOTIKG KATAOTNO

~“MeBodoAovia

20yKpIion avadAuong amrdédoong PouTroT Kal XEIPOKivTNG CUOKEUNG.

To pounot uneptepel oe akpifela anodidbovtag avw tou 99,4% akpiBelac ano
OAa ta mepaopota EEmepvwvTac tn popntr) CUOKELN

Section A Sectun B Section C
Robot (%) 0 0 (99 9—-100) 909 9 (99899 9) 99 & (99 4-999)
Handheld (%) 0.2 (88.4-949.10) &81.6 (b8.0-852) Fa.3 (60.0—1.5)

Note: Average values m italiec and extreme values in parenthesis

Section A Section B Section C

Merchandise Jeans Men'’s dresses Women's underwear
Area (m?) 140 262 232
Number of items 2300 6,000 16,500
Typical aisle width (m) 0.95 0.80 0.65
Density (items/m?) 16 21 71
Aisles length (m) T2 160 149
Intricacy (m/m®) 051 0.57 0.64
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