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Exercise 1 and 2: Definitions, importance, objectives, types and 
principles of the traceability 
 
Purpose of the exercise: 
 
The purpose of the exercise is to know the definitions, importance, objectives, types and principles 
of the traceability.  
 
 
Required knowledge:  
 
The Regulation (EC) No. 178/2002 of the European parliament and the council defined the 
traceability as such: “the ability to trace and follow a food, feed, food-producing animal or 
substance intended to be, or expected to be incorporated into a food or feed, through all stages of 
production, processing and distribution”.  
 
The ISO 22000:2018 standard defined the traceability a such: “traceability: ability to follow the 
history, application, movement and location of an object through specified stage(s) of production, 
processing and distribution”.  
 
Feed and food chain traceability systems are developed to support food safety and/or quality 
objectives while meeting the customer specification(s). In helping determining the origin and the 
history of the product, it also facilitates the withdrawal of deficient products and identifying the 
responsible organizations in the feed and food chain. Other objectives of traceability are that it 
simplifies the verification of specific information and their communication to relevant 
stakeholders and consumers as well as improves the productivity, effectiveness and profitability of 
the organization. It also helps fulfilling any regulation or policies on various levels (from local to 
national and international).  
 
Importance of the traceability:  
 

• A proper traceability system is needed to insure the product can be considered safe and of 
a certain quality. Label indications as non-GMO, organic or regarding the product origin, 
have to be reliable and therefore verifiable. 

• The efficiency of the supply chain and the production techniques is improved by a good 
traceability. For example, the controls and tests carried out on the product and its 
components by the supplier being in the traceability logs, recurrences can be avoided. 

• If the quality is deficient (due to contamination or in case of bioterrorism), a quick 
withdrawal is very important and relies on a good product identification system. An 
efficient withdrawal minimizes disruption to trade and keeps the consumers safe while 
limiting the economic losses associated. 

• Traceability schemes must satisfy the need to follow legislative requirements, also 
contributing to the improvement of the control process and manufacturing practices 
(GMP). 
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Regarding the food industry and processing sectors of agricultural and livestock products, 
traceability systems are part of the ability:  

 to meet legislative requirements;  
 to take immediate collective action by withdrawing products from the market and 

maintaining the company’s reputation (in the case of quality and food safety related 
incidents);  

 to minimize the size and costs of withdrawn lots;  
 to minimize the spread of any animal contagious diseases;  
 to protect food chain from the effects of emerging diseases in animals;  
 to provide products that maintain and increase consumer confidence;  
 to provide differentiated products on the market.  

 
For the retail distributor, traceability provides information on:  

 what is the origin of food and when was it processed;  
 which organizations were involved in the food processing and distribution  

 
For wholesale distributor, traceability provides information on:  

 when to expect the new lots of products at the maximum distribution capacity;  
 what are the changes in the requirements of transport, storage etc.  

Similar requirements apply to all levels of the food chain: processing, marketing, restaurants, 
catering etc.  
 
Traceability systems are of special interest also for governments, as part of the system that:  

 protects public health through food withdrawal when necessary;  
 helps prevent fraud when tests cannot be used for authentication (e.g. organic food); 
 controls zoonotic diseases;  
 enables human and animal health control in emergencies (e.g. soil contamination, raw 

materials contamination);  
 facilitates epizootic and enzootic control of livestock diseases through early identification 

of sources of diseases and dangerous contacts;  
 monitors/controls the livestock number related award of subsidies.  

 
Traceability systems are of special interest also for consumers: 

• Traceability systems are also useful to consumers because they help them to avoid specific 
products and food ingredients that may cause allergies, food intolerances, or those that do 
not meet a particular lifestyle, enabling the choice between different kinds of food. 

• Moreover, in case of necessity, traceability ensures food safety by helping consumers to 
recognize the product, and to buy only safe foodstuff that meet their needs. 

 
The main purpose of traceability development is to increase security and safety throughout the 
food chain and to establish an acceptable model for raw material supply, food production, 
marketing and consumption.  
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First objective is to contribute to foodstuff safety, managing risks related to food safety and animal 
health issues, allowing, if necessary, withdrawal of nonconforming batches and product recall. 
This means to:  

– identify outbreak or hazard sources;  
– manage safety alerts;  
– withdraw contaminated or dangerous products  

 
Second objective is to provide reliable information to product users, to guarantee products’ 
authenticity and to ensure consumers that certain production practices have been followed. This 
means that traceability can be used to:  

– ensure fair practices in trade;  
– protect consumers from fraud;  
– safeguard producers from unfair competition.  

 
Third objective is to improve overall product quality and processes; traceability is an instrument to 
identify sources of non-compliance and to enhance product flows and stock management.  
 
 
Types of traceability: 
 
External traceability represents the information received or provided from/to other members of 
the food chain (external enterprises or companies). It is represented by the information that 
company receives or provides to other members of the food chain, concerning a certain product. 
 
Internal traceability is the information regarding the product tracking within the establishment. It 
is represented by information that enables product tracking within an enterprise or company. 
 
Downstream traceability (also called "tracking" or "downward traceability") allows following 
the chain from upstream (raw materials) to the finished product thanks to the procedures followed 
during the transfer from one actor to another, the destination of a product unit is then known. It is 
used when a withdrawal or recall of a product of the supply chain is needed.  
 
Upstream traceability (also called "forward tracking", "tracing" or "upward traceability") is the 
opposite of downstream traceability and helps finding information on the origin of a product. With 
this kind of traceability, the chain can be followed from the final product up to the raw materials.  
 
Client traceability (also called "one step forward traceability") ensures the identification of the 
delivery chain and all product customers. 
 
Supplier traceability (also known as "one step back traceability") implies that the contractor of 
each ingredient, raw material, additive and even packaging materials are known and recorded.  
 
Data traceability links the documents and records of each step of the process by unique 
identification.  
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4 principles of traceability: 
 

1. IDENTIFY - every lot of product has to be fully identified. 
2. MANAGE LINKS - links between the operations have to be recorded. 
3. RECORD DATA - pre-definition of the important data (pre define the data to be 

recorded). 
4. COMMUNICATE - information and product flow have to be simultaneous (associate an 

information flow with product flow). 
 
 
Execution of the exercise: 
 

 Collect literature (articles, books, regulations, and homepages) and prepare a literature 
review that deal with definitions, importance, objectives, types and principles of the 
traceability.  

 Present the definitions, importance, objectives, types and principles of the traceability 
within the framework of an oral presentation.  

 Forming small groups (3-4 students/group) and analyze the Figure 1 below. Discuss what 
the figure shows.  

 The group leaders present the results of the discussion within the group.  
 

 
 

Figure 1: Traceability across the supply chain 
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 Exercise 3 and 4: GS1 system and standard 
 
Purpose of the exercise: 
 
The purpose of the exercise is to know the main characteristics and rules of the GS1 system and 
standard.  
 
Required knowledge:  

 
GS1 is a global organization that has been created more than thirty years ago to design and 
implement global standards and solutions regarding efficiency and visibility among supply and 
demand chains. This not-for-profit standards organization operates through GS1 Member 
Organizations or on a direct basis from GS1 Global Office (Brussels) in over 150 countries to 
improve management for small, medium or large-sized organizations.  
GS1 provides standards, solutions (e.g. GS1 GSDN – Data Synchronization) and services (e.g. 
GS1 BarCodes).  
The GS1 Traceability Standard is a business process standard describing the traceability process 
independently from the choice of enabling technologies. It defines minimum requirements for 
companies of all sizes across industry sectors and corresponding GS1 Standards used within 
information management tools. The Standard maximises the use of globally established and 
implemented GS1 System tools that uniquely identify any “traceable item”, describe the creation 
of accurate records of transactions, and provide for fast data communication about the traceable 
item between trading partners. It meets the core legislative and business need to cost-efficiently 
trace back (one step down) and track forward (one step up) at any point along the whole length of 
the supply chain, no matter how many trading partners and business process steps are involved 
and how many national borders have been crossed.  
 
The GS1 Traceability Standard addresses the business needs in the following ways: 

 It is based on existing business practices, and there is no need to purchase, create or 
integrate new systems. 

 It uses a common language, the GS1 System of identification and bar coding, as well as 
GS1 EANCOM® and GS1 XML messaging. 

 
 
Value and benefits of the GS1 Traceability Standard: 

• It is broad-based, because GS1 Standards are used in over 150 countries around the world 
by a large majority of supply chain partners (there are over 2 million GS1 user companies). 

• It takes a global approach, addressing the supply chain as a whole rather than any 
particular individual partner. 

• It is thorough, covering the fundamentals of traceability – identification, data capture and 
management, links management, and communication. 

• It focuses on the interfaces of physical flow of materials and products, establishing an 
open, global relationship between independent partners. 

• It is flexible, recognizing that circumstances vary within and between sectors, and thus 
providing for tailored applications. 
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The GS1 System of Standards is a flexible architecture that ensures maximum efficiency. It is 
built around and upon two main elements:  

1. GS1 Automatic Identification Standards and  
2. GS1 Communication Standards 

 
1. GS1 Automatic Identification Standards are themselves composed of several elements:  

 GS1 Identification (ID) Keys and Application Identifiers,  
 GS1 Data Carriers and the EPC Identifier. 

GS1 ID Keys and Application Identifiers are specially designed to work with the GS1 Data 
Carriers: GS1 BarCodes or EPC/RFID tags. The EPC, which incorporates GS1 Identification Keys 
as well as Keys from other systems, is the foundation for encoding an EPC/RFID tag.  
 
2. GS1 Communication Standards deal with transactional data, which is data that acknowledges 
the completion of a business transaction such as one supported by GS1 eCom standards; they deal 
with visibility data, which is data that logs the occurrence of a physical event (item loaded onto 
ship, item arrived in port, item inspected at customs) in EPCIS; and they enable master data 
sharing between trading partners in the supply chain using the Global Data Synchronisation 
Network (GDSN).  
 
 
Fundamentals / core components of traceability (Figure 2): 

1. Identification – GTIN, GLN, SSCC, EPC, etc.  
2. Data capture (collection) and management – barcode standards (EAN/UPC, GS1-128, 

etc.) 
3. Links management – softwares 
4. Communication – GS1 EANCON/XML, EPCglobal Network, GDSN 

 

 
Figure 2: GS1 Traceability Implementation. Key traceability principles and implementation grid 

that links the principles to enabling technologies and GS1 System tools 
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1. Data identification. GS1 identification keys 
 
Through barcodes or RFID tags, unique, universal and secure identification can be captured and 
transmitted and hence facilitate access to detailed information necessary to traceability systems. In 
order to distinguish any object, thing, or location, GS1 Identification Keys are used:  
 

 GTIN (Global Trade Item Number): this key is used to identify trade items.  
 GLN (Global Location Number): this key used to identify physical locations or parties. 
 GRAI (Global Returnable Asset Identifier): this key used to identify returnable assets. 
 SSCC (Serial Shipping Container Code): this key used to identify logistics units. 
 GIAI (Global Individual Asset Identifier): this key used to identify an individual asset. 
 GSRN (Global service Relation Number): it can be used by services organisations to 

identify their relationships with individual service providers and individual service clients. 
 GDTI (Global Document Type Identifier): it can be used by companies to identify 

documents, including the class or type of each document. 
 
 
2. Data capture and management. GS1 Data Carriers 
 
The GS1 EAN/UPC barcode is the longest-established and most widely used GS1 Data Carrier. It 
is an indispensable product-marking method that is found on virtually every consumer product in 
the world. There are four primary EAN/UPC barcode types, and all are linear symbologies: 

 EAN-13 which encodes GTIN-13. 
 UPC-A which encodes GTIN-12. 
 EAN-8 which encodes GTIN-8. 
 UPC-E which encodes a special “zero-suppressed” GTIN-12. 

 
ITF-14 barcodes only encode GTINs. Because they cannot be used to identify items that will 
cross a point of sale, they are usually used for trade items where printing directly onto corrugated 
cartons is required. 
 
When it comes to logistics, the GS1-128 Data Carrier is the gold standard. GS1-128 barcodes 
can carry all GS1 ID Keys, as well as variable information like serial numbers, expiration dates 
dates, and measures. GS1-128 cannot be used to identify items crossing a retail point of sale; 
instead, its main role is in the transport and logistics sector and the healthcare sector. 
The GS1 ID Keys are complemented by the GS1 Application Identifiers (or GS1 AIs). GS1 AIs 
act like a code list of generic and simple data fields for use in multi-sector and international supply 
chain applications. Each GS1 AI consists of two or more digits and provides the definition, format 
and structure of the data field encoded in a GS1 Data Carrier. For example, a GS1 AI exists for 
each GS1 ID Key, allowing it to be encoded in GS1 BarCodes or EPC/RFID tags. 
The AIs allow multiple data to be encoded in a single GS1 Data Carrier, thus improving read rates 
and reducing print and production costs. GS1 AIs present a standardised way to encode 
information in a single GS1 Data Carrier.  
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4. Communication 
 
GS1 Communication Standards: 

1. Master data sharing with GS1 GDSN (Global Data Synchronisation Network). 
2. Transactional data with GS1 eCom (GS1 eCom provides two complementary standards: 

GS1 EANCOM , GS1 XML). 
3. Visibility data with EPCIS (Electronic Product Code Information Services). 

 
 
Execution of the exercise: 
 

 Collect the regulations and standards which are related to the traceability.  
 Present the collected regulations and standards which are related to the traceability within 

the framework of an oral presentation.  
 Collect literature (articles, books) and prepare a literature review that deal with the design 

and implementation of a traceability system.  
 Present the result of the literature review in the framework of an oral presentation.  

 
 



  
  
 
 
 

 

11 
 

Exercise 5 and 6: Types and application of barcodes 
 
Purpose of the exercise: 
 
The purpose of the exercise is to know the types and application of barcodes.   
 
 
Required knowledge:  
 
Types of barcodes: 
 

1. Linear/one-dimensional (1D) barcodes (eg. GS1 barcodes: GTIN-13, GTIN-8) 
2. Compact 1D barcodes (eg. GS1 DataBar) 
3. Two-dimensional (2D) barcodes (eg. QR code, MaxiCode, DataMatrix) 
4. Other (eg. Composite barcode) 

 
1. Linear bar code symbols: 
 
Using bar-space symbols, character sets are encoded through a wide range of symbols to carry 
data along with a number or alphanumeric character string to identify an item with/or its 
associated information held in a database 
Several standards co-exist, here below are some examples of the most commonly used: 

 GTIN-13 (EAN-13) 
 GTIN-12 (EAN-12, UPC-A) 
 GTIN-8 (EAN-8, UPC-E) 
 GTIN-14 (IFT-14) 
 GS1-128 (UCC/EAN-128) 

 
2. Compact 1D barcodes. GS1 DataBar:  
 
GS1 DataBar symbols can carry more information and identify smaller items than EAN/UPC 
barcodes can and can be also scanned at retail point of sale. As a result, GS1 DataBar enables 
GTIN identification for fresh variable measure and hard-to-mark products like fruit and 
vegetables, jewellery and cosmetics. 
Additionally, GS1 DataBar can carry GS1 Application Identifiers such as serial numbers, Lot 
number, number, (batch) numbers,  
expiration dates, weight, creating solutions to support product authentication and traceability for 
fresh food products and couponing. 
 
Types of GS1 DataBar: 

 GS1 Databar Omnidirectional (half as high as the bar code ) 
 GS1 Databar Stacked Omnidirectional (half as wide as the barcode) 
 GS1 Databar Expanded (has the same size as the linear barcodes, but they can store much 

more) information 
 GS1 Databar Expanded Stacked 



  
  
 
 
 

 

12 
 

 
3. Two-dimensional (2D) barcodes. GS1 DataMatrix: 
 
GS1 DataMatrix is a two-dimensional symbology that allows a wealth of information to be 
encoded in a very compact space. However, it is not intended to be used at high volume “omni-
directional” retail point-of-sale environments like supermarkets, because it is only compatible with 
applications whose reading systems use camera-based scanners. 
A particularly noteworthy feature of the GS1 DataMatrix is that it can be used to apply markings 
directly to products, components, or individual parts. In such cases, the code is etched or laser-
engraved directly onto the surface of an item, making it indelible, even under harsh operating 
conditions. For example, a GS1 DataMatrix engraved in this way can be used in the presence of 
grease in industrial applications or for items that are exposed to the elements. This makes the GS1 
DataMatrix quite suitable for applications whose conditions do not allow for the use of 
conventional barcodes. 
GS1 DataMatrix is gaining popularity in the healthcare sector, as it meets many needs and opens 
up many opportunities to improve patient safety. For example, because it can carry GS1 
Application Identifiers, batch and serial numbers and expiration dates can be encoded onto 
medical products. Moreover, due to its compact size, a GS1 DataMatrix symbol can fit onto just 
about any medical device. In the past, individual surgical instruments could not be labelled 
automatically. However a GS1 DataMatrix can be marked directly onto such instruments, thus 
simplifying their tracking and tracing in hospitals.  
 
Two-dimensional (2D) barcodes. QR code: 
 
QR code (abbreviated from Quick Response Code) is the trademark for a type of matrix barcode 
(or two-dimensional barcode) first designed for the automotive industry in Japan. A barcode is a 
machine-readable optical label that contains information about the item to which it is attached. A 
QR code uses four standardized encoding modes (numeric, alphanumeric, byte/binary, and kanji) 
to efficiently store data; extensions may also be used.  
The QR code system became popular outside the automotive industry due to its fast readability 
and greater storage capacity compared to standard UPC barcodes. Applications include product 
tracking, item identification, time tracking, document management, and general marketing. A QR 
code consists of black squares arranged in a square grid on a white background, which can be read 
by an imaging device such as a camera, and processed using Reed–Solomon error correction until 
the image can be appropriately interpreted. The required data is then extracted from patterns that 
are present in both horizontal and vertical components of the image. 
The QR code system was invented in 1994 by Denso Wave. Its purpose was to track vehicles 
during manufacturing; it was designed to allow high-speed component scanning. QR codes are 
now used in a much broader context, including both commercial tracking applications and 
convenience-oriented applications aimed at mobile-phone users (termed mobile tagging). QR 
codes may be used to display text to the user, to add a vCard contact to the user's device, to open a 
Uniform Resource Identifier (URI), or to compose an email or text message. There are a great 
many QR code generators available as software or as online tools. The QR code has become one 
of the most-used types of two-dimensional code.  
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Two-dimensional (2D) barcodes. MaxiCode: 
 
The 2D matrix code was developed by UPS (United Parcel Service) in 1992. Suitable for tracking 
and managing the shipment of packages, it resembles a barcode, but uses dots arranged in a 
hexagonal grid instead of bars. It is used mostly in packing sorting centres. The disadvantages of 
MaxiCode are fixed size and low capacity (max. 93 characters). No matter the correct orientation, 
the code can be read off in any position. This information is protected with a strong Reed-
Solomon error correction code. 
 
4. Other. Composite barcode: 
 
The GS1 Composite Symbology is the specification for a 2D barcode symbol included above a 
DataBar, UPC, EAN, or Code 128 barcode to encode additional data. Composite symbols are not 
supported by all barcode scanners and implementation can be more difficult than other options. 
IDAutomation recommends using DataBar Expanded to encode Application Identifiers (AIs) with 
additional data when possible, because DataBar is approved for use in all POS systems after 
January 1, 2010, all data is encoded in a single symbol and implementation is much easier.  
The GS1 (EAN.UCC) Composite Symbology consists of a linear component, which encodes the 
item's primary data and an adjacent 2D composite component, which encodes supplementary data 
to the linear component. The linear component will be GS1-128, EAN-8, EAN-13, UPC-A, UPC-
E or any barcode in the GS1 DataBar family. 
The supplementary, 2D composite component will be one of the following: 

 Composite Code A barcode, for EAN-8, EAN-13, UPC-A, UPC-E, GS1 DataBar barcodes.  
 Composite Code C barcode, for GS1-128 (UCC/EAN-128) barcodes (can encode 

approximately 800 characters). 
 
 
Execution of the exercise: 
 

 Collect literature (articles, books, regulations, and homepages) and prepare a literature 
review that deal with the types and application of barcodes.  

 Present the types and application of barcodes within the framework of an oral presentation. 
 Forming small groups (3-4 students/group) and discusses the similarities and differences 

between the different types of barcodes, and the advantages and disadvantages of the 
different types of barcodes.  

 The group leaders present the results of the discussion within the group. 
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Exercise 7 and 8: Application of RFID technology in traceability 
 
Purpose of the exercise: 
 
The purpose of the exercise is to know the possibilities of application of RFID technology for 
tracking.   
 
 
Required knowledge:  
 
Radio frequency identification data (RFID) can be defined as the following: "Identification system 
consisting of radio frequency labels (electronic chips), antennae to receive signals and decoders 
integrated in the computer system to read data."  
The information encoded is used for traceability implementation, stock management or even 
tracking of valuable products and the tag can be password-protected to secure the system. 
Radio waves can penetrate through paper, plastic and other packaging elements. No line of sight 
between the tag and the reader is needed. It can therefore be included inside ear tags for example. 
In opposition to barcodes, RFID tags can be read in difficult conditions such as cold or dusty 
environments. With the right enclosure system, these will also withstand high temperatures and 
chemical treatment used in cleaning and disinfection. 
RFID tags can be read from a distance without being aligned and hence reduce the need for human 
intervention. The greater durability of tags associated with this technology is an important 
advantage as well as their efficiency regarding accurate call backs. The costs of implementing this 
system are high but will rapidly be compensated by an increased efficiency and waste reduction. 
RFID tags can be injected inside animals, protected by bioglass, to track it until slaughtering. 
Connective tissue encapsulation will prevent migration of the transponder inside the body of the 
animal. Electronic Product Code (EPC) is a global standard based implementation of the RFID 
technology. This code is a universal identifier giving a unique identity to a specific physical 
object. RFID tags contain many EPCs encoded. 
 
Electronic Product Code (EPC): 
 
Electronic Product Code (EPC) is an identification scheme for universally identifying physical 
objects (e.g. trade items, assets, and locations) via RFID tags and other means. The standardised 
EPC data consists of an EPC (or EPC Identifier) that uniquely identifies an individual object, as 
well as an optional Filter Value when judged to be necessary to enable effective and efficient 
reading of the EPC tags.  
EPC/RFID tags use Radio-Frequency Identification technology to encode GS1 ID Keys in the 
GS1 Electronic Product Code (EPC). They also enable the EPCIS GS1 Communication Standard. 
RFID works via a microchip, which stores the relevant data (including the EPC) and reflects the 
data to a reader antenna by means of electromagnetic waves. Since these waves can pass through 
solid materials, the chips may be shielded by adhesive film or integrated directly inside the 
packaging or product. 
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EPC/RFID tags encoding the GS1 EPC can offer a significant time-saving advantage over other 
GS1 Data Carriers. The reader and transponder do not need to be in each other’s line of sight and 
the transmission/reading process is ultra-rapid, which means that this Data Carrier has bulk data 
capture capabilities – an entire supermarket caddy could be “scanned” in the blink of an eye, 
without needing to manually pass each item in front of a scanner. 
Right now, however, the most exciting live-use cases take advantage of this data carrier’s ability 
to provide exact product localisation – for example in a warehouse – resulting in optimised time-
management for product delivery processes. 
 
Types of RFID systems: 
 
Based on their energy supply: 

 active,  
 passive, 
 battery-assisted passive (BAP). 

 
Active RFID Systems: 
In active RFID systems, tags have their own transmitter and power source. Usually, the power 
source is a battery. Active tags broadcast their own signal to transmit the information stored on 
their microchips. Active RFID systems typically operate in the ultra-high frequency (UHF) 
band and offer a range of up to 100 m. In general, active tags are used on large objects, such as rail 
cars, big reusable containers, and other assets that need to be tracked over long distances.  
There are two main types of active tags: transponders and beacons. Transponders are “woken up” 
when they receive a radio signal from a reader, and then power on and respond by transmitting a 
signal back. Because transponders do not actively radiate radio waves until they receive a reader 
signal, they conserve battery life.  
Beacons are often used in real-time locating systems (RTLS), in order to track the precise location 
of an asset continuously. Unlike transponders, beacons are not powered on by the reader’s signal. 
Instead, they emit signals at pre-set intervals. Depending on the level of locating accuracy 
required, beacons can be set to emit signals every few seconds, or once a day. 
Each beacon’s signal is received by reader antennas that are positioned around the perimeter of the 
area being monitored, and communicates the tag’s ID information and position. The wireless 
ecosystem for customers is very large and growing daily, there are use cases where Active RFID 
and Passive RFID are deployed simultaneously for an additive approach to asset or sensor 
management. 
 
Passive RFID Systems: 
In passive RFID systems the reader and reader antenna send a radio signal to the tag. The RFID 
tag then uses the transmitted signal to power on, and reflect energy back to the reader. Passive 
RFID systems can operate in the low frequency (LF), high frequency (HF) or ultra-high frequency 
(UHF) radio bands. As passive system ranges are limited by the power of the 
tag’s backscatter (the radio signal reflected from the tag back to the reader), they are typically less 
than 10 m. Because passive tags do not require a power source or transmitter, and only require a 
tag chip and antenna, they are cheaper, smaller, and easier to manufacture than active tags. 
Passive tags can be packaged in many different ways, depending on the specific RFID application 
requirements. For instance, they may be mounted on a substrate, or sandwiched between an 
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adhesive layer and a paper label to create smart RFID labels. Passive tags may also be embedded 
in a variety of devices or packages to make the tag resistant to extreme temperatures or harsh 
chemicals. RAIN is a passive RFID solution which is useful for many applications, and is 
commonly deployed to track goods in the supply chain, to inventory assets in the retail industry, to 
authenticate products such as pharmaceuticals, and to embed RFID capability in a variety of 
devices. 
 
Battery-Assisted Passive (BAP) Systems: 
A Battery-Assisted Passive RFID tag is a type of passive tag which incorporates a crucial active 
tag feature. While most passive RFID tags use the energy from the RFID reader’s signal to power 
on the tag’s chip and backscatter to the reader, BAP tags use an integrated power source (usually a 
battery) to power on the chip, so all of the captured energy from the reader can be used for 
backscatter. Unlike transponders, BAP tags do not have their own transmitters. 
 
 
Based on their frequency: 

 low frequency (30-300 KHz). 
 high frequency (3-30 MHz). 
 ultra-high frequency (300-3000 MHz). 
 microwave frequency (2,45 vagy 5,8 GHz). 

 
Low Frequency (LF) RFID: 
The LF band covers frequencies from 30 KHz to 300 KHz. Typically LF RFID systems operate at 
125 KHz, although there are some that operate at 134 KHz. This frequency band provides a short 
read range of 10 cm, and has slower read speed than the higher frequencies, but is not very 
sensitive to radio wave interference. LF RFID applications include access control and livestock 
tracking. 
In general their advantages are: 

 Least affected by their surroundings. 
 Least affected by the presence of water. 

Their disadvantages are: 
 Can’t read tags over distances of more than about half a meter. 
 Can’t read lots of tags at the same time (lower read speeds). 
 Larger tags (may not fit on small objects). 

Typical applications: 
 RFID access control systems. 
 Point-of-sale checkouts. 
 Identifying animals. 
 Monitoring manufacturing processes, especially wet ones. 

 
High-Frequency (HF) RFID: 
The HF band ranges from 3 to 30 MHz. Most HF RFID systems operate at 13.56 MHz with read 
ranges between 10 cm and 1 m. HF systems experience moderate sensitivity to interference. HF 
RFID is commonly used for ticketing, payment, and data transfer applications. 
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In general their advantages are: 
 Cost less than most LF. 
 Can read tags over a larger distance than LF. 

Their disadvantages are: 
 Shorter tag read range (up to 2m) than UHF and Microwave. 
 Not best for reading many tags at the same time, but better than LF. 

Typical applications: 
 RFID library system. 
 Identification of bags at transport gateways. 
 Smart cards. 

 
Ultra-high frequency (UHF) RFID: 
The UHF frequency band covers the range from 300 MHz to 3 GHz. RFID systems comply with 
the UHF Gen2 standard and use the 860 to 960 MHz band. While there is some variance in 
frequency from region to region, RFID systems in most countries operate between 900 and 915 
MHz. The read range of passive UHF systems can be as long as 12 m, and UHF RFID has a faster 
data transfer rate than LF or HF. 
UHF RFID is the most sensitive to interference, but many UHF product manufacturers have found 
ways of designing tags, antennas, and readers to keep performance high even in difficult 
environments. Passive UHF tags are easier and cheaper to manufacture than LF and HF tags. 
 
In general their advantages are: 

 Generally cost less than LF or HF. 
 Identify objects fast because of fast read speed. 
 Good range (maybe up to ten metres in the 860 to 956 MHz band, and tens of metres at 

433 MHz). 
Their disadvantages are: 

 There can be more RF transmission complications. 
Typical applications: 

 Logistics - big operators such as Walmart. 
 Making toll payments without stopping. 
 Accessing car parks. 

 
Microwave RFID: 
 
Typical applications: 

 Identifying baggage. 
 Making toll payments without stopping. 

 
In general their advantages are: 

 Identify objects fastest because of fastest read speed. 
 Excellent for reading many tags at the same time because of fastest read speeds possible. 
 Microwaves penetrate many non-conducting objects well and tags can be buried. 
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Their disadvantages are: 
 Cost more than LF. 
 Doesn’t work well through water or objects with water in them (the energy at microwave 

frequencies is absorbed by water. This is what happens in your microwave oven). 
 Don’t work well with conducting materials such as metals between tag and reader (some 

RFID devices can be mounted on metal objects where they have been specifically designed 
for this). 

 
 
Execution of the exercise: 
 

 Collect literature (articles, books, regulations, and homepages) and prepare a literature 
review that deal with the types of RFID, and the possibilities of application of RFID 
technology for tracking.  

 Present the main types and characteristics of RFID, and its application for tracking within 
the framework of an oral presentation.  

 Forming small groups (3-4 students/group) and discusses the advantages, disadvantages 
and application of different RFID.  

 The group leaders present the results of the discussion within the group.  
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Exercise 9: Design and implementation of a traceability system 
 
Purpose of the exercise: 
 
The purpose of the exercise is to know how to design and implement a traceability system. 
  
 
Required knowledge:  
 
Regarding the principles of the traceability systems, according to the International Standard ISO 
22005:2007, it is agreed that those systems should be: 

 Verifiable. 
 Applied consistently and equitably. 
 Results oriented. 
 Cost effective. 
 Practical to apply. 
 Compliant with any applicable regulations or policy. 
 Compliant with defined accuracy requirements.  

 
 
Design of traceability system (ISO 22005:2007): 
 

 Designing a traceability system, it is important to take under consideration the objectives 
and the regulatory and policy requirement, both being identified by the organization. 

 The organization should also identify clearly the products and/or ingredients as well as its 
position in the feed and food chain (suppliers/customers). 

 Furthermore, it should determine and document the flow of materials. 
 The traceability objectives imply that the information obtained from the suppliers 

regarding the product and process history should be provided to the customers and/or 
suppliers. 

 Such information has to be defined by the organization. 
 Procedures including the following information have to be established by the organization: 

– Product definition. 
– Lot definition and identification. 
– Documentation of flow of materials, and information including media for record 

keeping. 
– Data management and recording protocols. 
– Information retrieval protocols. 

 Regarding the documentation, the following documents represent a strict minimum: 
– A description of the responsibilities for the management of traceability data. 
– Written or recorded information documenting the traceability activities and 

manufacturing process, flows and results of traceability verification and audits. 
– Documentation addressing action taken to manage nonconformity related to the 

established traceability system. 
– Document retention times. 
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 The coordination among the feed and food chain is established by the identification by 
every organization of its prior source(s) and immediate subsequent recipient(s). 

 
 
Design the traceability system (GS1): 
 
STEP 1.: Set the traceability goals and objectives. 
STEP 2.: Gather the traceability information requirement. 
STEP 3.: Analyse the business process. It shall include: 

 Supply chain stake holders and their interactions. 
 Traceability roles and responsibilities per stake holders. 
 Process flows that depict the state changes and movements of traceable objects. 

STEP 4.: Define the identification requirements (entities, level per entities) 
STEP 5.: Define the traceability data requirements (Who? What? When? Where? Why?) 
STEP 6.: Design the traceability data repository functions (Capture. Storage. Share). 
STEP 7.: Design the traceability data usage functions (e.g.expired certificates, temperature 
exception during transport, counterfeit detection, manage interventions:, recall notification, 
execution, quarantine, counterfeit remediation.). 
 
Build the traceability system (GS1): 
STEP 8.: Perform gap analysis (‚as is’ vs ‚to be’) 
STEP 9.: Establish the components of the traceability system (Adjust existing system or need to 
buy a new one). 
STEP 10.: Testing and piloting. 
 
Deploy and use the traceability system (GS1): 
STEP 11.: Roll out: 

 implementation plan by product/facility/production lane; 
 prioritize; 
 get quick wins to gain stake holders’ confidence. 

STEP 12.: Documentation and training: 
 making specific people accountable, 
 having written procedure, 
 list of internal and external contact details, 
 list of key personnel with defined responsibilities (key in crisis management), 
 communication plan for internal and external trace request. 

STEP 13.: Monitoring and maintenance: 
 regular audits to check if the system is still meeting the traceability goals, 
 checks to assure and maintain availability and quality of traceability data. 

 
 
Implementation of traceability system (ISO 22005:2007): 
 

 Resources and management responsibilities have to be put in motion to demonstrate the 
commitment of the organization to the implementation of the traceability system  
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 Thus, the following steps should be implemented: 
1. Establish a traceability plan that can be part of a broader management system. 
2. Define and communicate responsibilities to the personnel. 
3. Train and inform the personnel adequately. 
4. Establish a monitoring scheme. 
5. Measure the effectiveness through key performance indicators previously 

established by the organization. 
 
 
Execution of the exercise: 
 

 Forming small groups (3-4 students/group) and design and implement a traceability 
system.  

 The group leaders present the results of the discussion within the group.  
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