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Sammanfattning 
Det här examensarbetet handlar om att göra ett stöd för streckkodsläsare och RFID-läsare till 
en dator monterad i en lastbil. Datorn har flera applikationer gjorda för lastbilar till exempel 
en orderhanteringsapplikation. Målet var att föreslå en arkitektur för att implementera stöd för 
läsare. Arkitekturen ska vara oberoende av vilken tillverkare som har gjort hårdvaran som 
kopplas till datorn. 
 
Först gjordes en teoristudie av RFID-teknologin och standarder för transport- och 
distributionsnätet. Sedan utvecklades arkitekturen och en demo gjordes. 
 
Slutsatsen av det här examensarbetet är att implementera stöd för streckkodsläsare med en så 
kallad wedge-applikation. Wedge-applikationen hanterar kommunikationen med 
streckkodsläsare och konverterar streckkoden till tangentbordstryckningar från ett virtuellt 
tangentbord. Wedge-applikationen tillhandahåller tillverkaren av streckkodsläsaren. 
Användaren måste installera drivrutiner och wedge-aplikationen för sin läsare. På en av 
datorerna är det inte tillåtet att installera egna applikationer. Detta löses genom att Scania 
installerar drivrutiner och wedge-applikationer från de största tillverkarna inom 
streckodsläsarområdet. 
 
Implementeringen av RFID-läsare är inte lika brådskande som för streckkodsläsare. RFID 
används oftast i form av smart labels. Smart labels är en kombination av en RFID-tag och en 
streckkod och därför kan streckkoden användas på en smart label. Om och när 
implementeringen av RFID sker så bör EPC-standarden användas. Det är troligvis denna 
standard som kommer att användas inom distribution. EPC-standarden specificerar ett 
protokoll som används mellan RFID-läsaren och värddatorn. 
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Abstract 
This thesis is about making a support for barcode readers and RFID readers on a computer 
mounted in heavy vehicles. The computer has several applications designed for heavy 
vehicles such as an order handling application. The goal was to suggest an architecture to 
implement a support for the readers. The architecture should be independent of which 
manufacturer who has made the reader hardware that was connected to the computer. 
 
At first a theoretically study was made around RFID technology and standards for the 
transport and supply sector. Then the architecture was developed and a demo implementation 
was made. 
 
The conclusion of this thesis is to implement support for barcode readers with a wedge 
application. The wedge application is an application that handles the communication with 
barcode readers and converts the barcode into key presses from a virtual keyboard. The wedge 
application is an application that the manufacturer of the barcode reader supplies. The user 
must install the drivers and wedge application for the reader. On one type of the computers 
the user is not allowed to install own applications. This is solved by Scania by installing 
drivers and wedge applications from the largest actors on the barcode reader market. 
 
The implementation of RFID readers is not as urgent as for barcode reader. RFID is mostly 
used in shape of smart labels. Smart labels are a combination of an RFID tag and a barcode 
and therefore the barcode can be used on smart labels. When and if the implementation of 
RFID will be made the EPC standard should be used. This is probably he standard that will be 
used in supply chains. The EPC standard specifies a protocol between the RFID reader and 
the host computer. 
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1 Introduction 
Scania CV AB is a company with over 30 000 employees worldwide. The company builds 
busses, industrial and marine engines and heavy vehicles with a total weight over 16 tons. 
Scania also offers a part of a fleet management system. 
 
Fleet management systems (FMS) are a generic term for all components that a haulage 
company uses to coordinate the fleet and the cargo. The FMS includes both the 
communication between the heavy vehicle and the office and the system that handles 
economy and administration. This makes the office move into the heavy vehicle. 
 
The system from Scania includes an onboard computer in the heavy vehicle and an internet 
portal where the information is exchanged between the office and the vehicle. The solution 
from Scania does not include the office systems. 
 
In the on board computer there are features as an order handling application, a driving time 
application, a navigation application, build in mobile phone and possibility to add a rear view 
camera. 

1.1 Background and purpose 
Many haulage companies use some sort of goods registration. This goods registration can be 
some kind of barcodes, radio frequency identification (RFID) of simply just an address label. 
Today Scania’s order handling application “Scania Order Support” does not support readings 
from a barcode reader or an RFID reader.  
 
This thesis aim to investigate the possibility to add support for barcode readers and RFID 
readers in the onboard computer. The investigation will be about standards regarding the 
haulage business. An architecture for the system will also be suggested and a demo will be 
built to demonstrate the technique. 

1.2 Limitations 
Due to the time limit of this thesis (20 weeks) the theoretical focus will lie on RFID. The 
suggested system and the demo will be applicable on barcode readers as well. 

1.3 Method 
A theoretical investigation around RFID-standards regarding the communication between the 
reader device and the host will be done. An architecture of a system, handling reader devices 
together with Scania’s onboard computer, will be developed based on the theoretical 
investigation. A demo implementation will be done to show that the technique works. 
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2 Abbreviation 
EAN European article numbering international 
ECCC   Electronic Commerce Council of Canada 
EPC Electronic product code 
EPCIS EPC Information Service 
ETSI European telecommunications standards institute 
FMS Fleet management system 
GSM Global system for mobile communications  
GTIN Global Trade Item Number 
HF High frequency 
IC Integrated circuit 
ISO International organization for standardization 
LF Low frequency 
MIT Massachusetts Institute of Technology 
OCR Optical character recognition 
ONS Object naming service 
R/O Read only 
PIE Pulse interval encoding 
PML Physical markup language 
RFID Radio frequency identification 
SDK Software development kit 
Transceiver Transmitter and receiver 
UCC  Uniform code council 
UHF Ultra high frequency 
USB Universal serial bus 
WLAN  Wireless local area networks 
WORM Write once, read many 
XML Extensible markup language 
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3 RFID technology 
Automatic identification procedures (Auto-id) are a commonly used method today. The most 
important methods are according to Finkenzeller [1]  barcode, biometric, RFID, smart cards 
and optical character recognition (OCR) (figure 1). 

 
Figure 1. Overview of auto-id procedures 

RFID (radio frequency identification) is more and more used. Some examples of applications 
are access control, antitheft devices in stores, skiing pass and automated toll-paying. RFID 
tags have no galvanic contact like smart cards. It uses a wireless connection over radio waves 
to a reader. Because RFID uses radio waves it doesn’t need a free line of sight like barcodes 
and OCR. 

3.1 Basic system 
The basic RFID system consists of three components, a reader, a tag and an antenna 
(figure 2). 
 

 
Figure 2. The basic RFID system [2]. 

 
The normal chain of events is that the reader, via the antenna, sends out a magnetic field. 
When the tag enters the field it sends its information. The reader gets the information and 
sends it to the host computer [3] . The information can either be an identification number that 
consists of a few bits or several kilobytes of information stored in the tag. 

3.2 Carrier frequencies 
There are different frequencies that an RFID system can work on. These are fundamental for 
the behaviour of the system such as reading range, reading speed, disturbances. The common 
frequencies used today are low frequency (LF), high frequency (HF), ultrahigh frequency 
(UHF) and microwaves.  

Biometric 

Auto-id 

RFID 

Smart cards 

Barcode 

Optical 
character 
recognition 
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3.2.1 Low frequency 125-135 kHz 
This frequency range is mostly used for livestock identification and antitheft systems in 
automobiles [4] . The reading range is short, less than a meter depending on the antenna, and 
the reading speed is slow. The advantages are good penetration through fluids and non-
conductive materials. Metal can interfere with the signal so that the reading range will 
decrease or even make the signal non-readable. This frequency is sensitive to radiating 
equipment such as computer monitors and fluorescent lamps. 

3.2.2 High frequency 13.56 MHz 
An application this frequency is used in is for example smart labels such as baggage tracking 
[4] . For HF the reading range is around 1m-1.5m [5] depending on antenna and surrounding 
environment. The penetration through water and non-conductive material is still pretty good.  

3.2.3 Ultrahigh frequency 868 MHz, 915 MHz 
The tags working with this frequency has historically been almost only active ones. Since 
active tags are more expensive technology developments have made passive tags for this 
frequency as well. The reading range is 1.5m-10m [5]. The applications for RFID working in 
this frequency band are for example automated toll collection [4]. 

3.2.4 Microwaves 2.4 GHz 
This frequency is used by many other applications such as Bluetooth, microwave ovens, 
WLAN (wireless local area networks). This frequency band is open in many countries. The 
reading range for this frequency is about 10m for a passive tag and around 30m for an active 
tag. The penetration through non-conductive material is good but microwaves are absorbed by 
water and therefore the reading range can decrease significantly. One application for RFID 
working with this frequency is railroad monitoring. Tags handling this frequency are twice as 
expensive as for the other frequencies [5]. 
 
 LF HF UHF Microwaves 
Applicable for Passage systems, 

animals 
Logistics, 
library, smart 
cards 

Logistics, pay 
tolls, 
containers 

Pay tolls,  
car races, 
containers 

Reading range <1m 1m-1.5m 1.5m-7m 1m-10m (passive) 
10 m (active) 

Penetrates Very good, even 
fluids 

Good, even 
through water 

Semi good, 
not fluids 

Bad 

Reading field Very round Fairly round Narrow Very narrow 
Active/passive Often passive Often passive Active or 

passive 
Active or passive 

Other Large antennas Cheapest tags 
if made in large 
batches 

Small tag Small tag,  
reflected by metal, 
expensive 

Table 1. Summary of frequency characteristics [5] 
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3.3 The tag 
There are many different types of tags. They differ in size, form, weight, prize, memory 
capacity, carrier frequency etc.  
 

 
Figure 3. Some RFID tags without encapsulation [6]. 

 
The major parts of a tag are an antenna and an integrated circuit (IC). The IC itself contains 
several parts (figure 4). 
 

 
Figure 4. Parts of a tag [3]. 

The tags are usually divided into active and passive tags. The main difference between them 
is that the active tag contains an internal energy source, a battery, while the passive tag gets 
its energy from the electromagnetic field made by the reader [1] . In later times semi-active 
and semi-passive tags have shown up on the market. They are a combination of active and 
passive tags. 
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Table 2. Summary of tag characteristics [5]. 

3.3.1 Passive tags 
Passive tags get their energy from the electromagnetic field the reader created. The tag starts 
to send its information as soon as the voltage has reached the minimum required voltage. The 
respond signal from the tag uses the reader’s field to send the information. The reading range 
for passive tags is up to three metres [7] . 

3.3.2 Active tags 
The active tag is, because of the battery, larger and more expensive than the passive tag. In 
return it can respond to a weaker signal from the reader and transmit its information over a 
greater distance since it creates its own field to send on. Active tags can be read for distances 
up to 100 metres and at a higher speed than passive tags [7] . The memory storage is in active 
tags at maximum around one megabyte. 

3.3.3 Semi-active and semi-passive tags 
These tags are a combination of active and passive tags. It uses the reader’s field to send its 
information as a passive tag but a battery powers the IC so that the tag doesn’t have to charge 
energy before sending. The advantages will be a quicker response to the reader’s signal, a 
more stable response signal over a greater distance and with the capability to use large 
memories [8] . 

3.4 The reader 
The reader, or interrogator, has two important parts. These are a transceiver (transmitter and 
receiver) and a decoder. There are many differences between readers for example which type 
of tag it will support, handheld or fixed, large or small, different functions. One reader can 
handle one antenna or multiple antennas. The later gives greater operating ranges, greater area 
coverage and tag tracking. Most fixed readers can read tags continuously or on demand. 
 
Readers can also include signal conditioning, error checking and correction. When the reader 
has received and decoded a signal from a tag, algorithms can decide whether the signal is a 
repetition or not. If the signal is a repetition some readers is able to instruct the tag to stop 
transmitting [9] . 
 

 Active tag Passive tag 
Power source Internal battery Transferred from reader 
Life time Depending on battery N/A 
Signal strength required from reader Low Strong 
Signal strength emitted from tag Strong Low 
Communication range Long range (100m+) Short (<3m) 
Read time Very fast (>1000/s) Slow (<10/s) 
Storage Large (1 megabyte) Less (<128 bytes) 
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4 RFID standards 
Since RFID can be used in applications for many different branches there are a lot of 
standards developed. The largest actors in developing standards for RFID are ISO and 
EPCglobal. 

4.1 ISO 
The International Organization for Standardization (ISO) is a large well known 
standardization organization. The standards from the organization are voluntary to follow. 
The standards can be bought from the ISO homepage on the internet and the income from the 
sale is also the funding of the organization [10] .  

4.1.1 ISO 18000 
There are several standards that are developed by ISO regarding RFID. ISO 18000 handles 
RFID for item management. The most important parts for global users are ISO 18000-2, ISO 
18000-3 and ISO 18000-4. They are important because the frequencies specified in the 
standard are already worldwide accepted as free frequencies. The ISO 18000 standard gives 
other ISO committees a standard to build other RFID application standards on. 
 
The standard describes the  
 

� protocol and commands between reader and tag  
� the physical layer between reader and tag  
� anti-collision handling 
� operating frequency 
� data coding 
� bit rate 
� frequency hop rate 

 
ISO 18000-1 
This part of the standard supports several RFID implementations and is not limited to possible 
applications. It describes conceptual architectures and the parameters. It does not specify the 
parameters, just describe them. The parameters are specified in the other parts of this standard 
[10] . 
 
ISO 18000-2 
The standard ISO 18000-2 also specifies two types of tags, type A and type B. The first is 
specified for the frequency 125 KHz. The tag is powered by the reader for all communication. 
The type B tag is specified for 134.2 KHz but has an alternative frequency described. The tag 
is also here powered by the reader except during the transmission from the tag to the reader. 
There is no protection on the read command in this specification and the transmission is not 
encrypted [10] . 
 
ISO 18000-3 
ISO 18000-3 specifies RFID for the frequency 13.56 MHz. For item management this part 
provides specifications for the physical layer, collision management systems and protocol 
values. The read command is protected by a 48 bit password and the “Quiet mode” provides a 
way to prevent the tags to respond to readers [10] . 
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ISO 18000-4 
The last of the free worldwide frequencies is 2.45 GHz and this frequency is handled by this 
part of the standard. This is the frequency band where Bluetooth, microwave ovens and other 
equipment work. This part defines the air interface for 2.45 GHZ and specifies two different 
types of tags. These are a passive and an active tag. The passive tag waits for the readers 
signal before sending anything but the active tag operates as tag talk first [10] . 
 
ISO 18000-6 
The frequency band specified in this standard is from 860 MHz to 960 MHz. Also in ISO 
18000-6 two different types of tag is presented. In both cases the reader talks first but type A 
uses Pulse Interval Encoding (PIE) and type B uses Manchester encoding [10] .  
 
The standard was released in 2004 but an extension has been released in 2006. This extension 
defines a new type of tags, type C, and updates type A and B. Type C is a tag based on the 
EPC standard from EPCglobal [10] . 
 
ISO 18000-7 
This standard defines the frequency 433 MHz to be used with RFID. It specifies the 
parameters described in ISO 18000-1 [10] . 

4.2 EPCglobal 
EPCglobal is a member of the organization GS1. GS1 is a fusion between EAN International 
(European Article Numbering International), UCC (Uniform Code Council) and ECCC 
(Electronic Commerce Council of Canada). These organizations have developed standards for 
barcodes since the 1980th [11] . 
 
The MIT Auto-ID Center was in 1999 founded by David Brock and Sanjay Sarma funded by 
UCC, Protcer and Gamble and Gillette. The centers task was to develop the Electronic 
Product Code (EPC). When EPCglobal was founded the Auto-ID Center was replaced by 
Auto-ID Labs. The labs are an umbrella organization governing the standards for RFID in 
retail and supply chain and the research is located at seven universities worldwide [12] .  
 
The Auto-ID Labs have focus on RFID technique for supply chain and logistical applications. 
The labs have developed EPC tags, EPC Information Service (EPCIS) and a reader protocol. 
The tags are a more advanced variant of barcodes. The EPCIS is a standardized way to share 
information about EPC tags through a database. The reader protocol is a standardized 
communication protocol between the reader and the software application [12] . 

4.2.1 EPC 
Electronic Product Code (EPC) is an electronic barcode. The difference is that ordinary 
barcodes identifies a type of product while the EPC gives a unique id to each item. According 
to David C. Wyld [7]  there are for each people on earth billions of tags each with the 96 bits 
EPC. 
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The EPC is build by 64 or 96 bits. Table 3 shows the grouping of the bits [13] . 
 
EPC type Header size Domain manager Object class Serial number 
96 bits 8 bits 28 bits 24 bits 36 bits 
64 bits type I 2 bits 21 bits 17 bits 24 bits 
64 bits type II 2 bits 15 bits 13 bits 34 bits 
64 bits type III 2 bits 26 bits 13 bits 23 bits 

Table 3. An overview of the group of bits in an EPC. 

The header defines the fields in the EPC. The header makes it possible to map existing codes 
to EPC. The domain manager points to the manufacturer. The object class tells the type of 
product and the serial number is an identifier to uniquely one product. 
 
Consider the 96 bits EPC. The bits in the domain manager can be arranged in over 268 
million ways. That opens for 268 millions manufacturers and they can have 16 millions of 
products in their assortment and can produce 68 billions of items of a product and each item 
will still have a unique id. 
 
An existing GTIN (EAN article number) can be converted into an EPC. In fact the GTIN is 
identical to the domain manager and the object class. All the company has to do is to add the 
header and the serial number [14] . 

4.2.2 EPC tags 
When developing the standard for EPC tags focus was on low cost with low latency and high 
read rates. Theoretically the second generation (Gen 2) of the tags is specified to be able to be 
read 600 times a second [15] . According to RFID Nordic [15] the Gen 2 tags can be used 
worldwide without any license. This is true with a little reservation. In all countries the 
frequency is not the same for UHF tags and therefore the tag must support several 
frequencies. For example has USA the frequency band 902 MHz to 928 MHz dedicated for 
UHF while Europe are these frequencies reserved for GSM. Europe has instead chosed 865 
MHz to 867 MHz for UHF. 
 
The EPC can be divided in generation 1 and 2. The most important is generation 2.  The 
generation 2 standard specifies three different types of communication. They all are different 
methods to use the bandwidth optimal. The three methods are single, multi and dense reading. 
The single reading method is for environments were only one reader is present. If this method 
is used with more than one reader there is a chance that the readers will interfere with each 
other. The multi reader method handles up to 10 readers in the same environment. Dense 
reader method handles environments with more than 10 readers. This is common in large 
distribution centrals or warehouses [16] . 
 



  18 

Generation 1 tags can be divided in different classes. These are shown in the table below [17] . 
 

EPC class Operation 
0 Read only (R/O) 
1 Write once, read many (WORM) 
2 Read/write with larger memory 
3 Read/write, battery enhanced for extra range 
4 Read/write, active 

Table 4. Shows the classes for EPC generation 1 tags. 

The classes for generation 2 have been updated and are shown in table 5 [17] . 
 

EPC class Operation 
1 Identity tags 

� An EPC 
� A tag id 
� A kill function 
� Optional access password and user memory 

2 Higher functionality tags 
� Extended tag id and user memory 
� Authenticated access control 

3 Semi-passive tags 
� An integral power source 
� Sensing circuitry 

4 Active tags 
� Communication between class 4 tags 
� Active communications 
� Ad-hoc networking capabilities 

5 Reader tags 
� Able to read class 1 and 2 tags 
� Communication with other class 5 tags 

Table 5. Shows the classes for EPC generation 2 tags. 

The EPC tags do not have any internal clock and can therefore not perform any operations 
without a reader. Some other tags can for example measure the temperature at specified times 
and then transmit the information to a reader when asked for. The EPC tags can be equipped 
with sensors but only transmit real time values from the sensors. 
 
The customer fear of loosing integrity led to the kill command in the EPC tags. For example 
when someone has bought something with a tag and the tag is not removed or destroyed the 
person can be traced when passing a reader. Since the tags EPC is unique the customer may 
have paid with his credit card the tag can be associated with a person. The kill command 
makes the tags unusable. In generation 1 tags the kill command is protected by an 8 bit 
password. The genearation 2 tags have longer password but nothing prevents a retailer from 
using the same password in all of their tags [2] . 
 
Before the any data is transmitted between a reader and tag an encrypted communication is 
established. This prevents other readers to listen to the communication. The generations 2 
standard also specifies a method to prevent cloaking. The tag is programmed to communicate 
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with only one specific reader and the reader must first identify itself with a password before 
the data exchange begins.  

4.2.3 EPCIS 
Since the EPC tag has a globally unique id number (64 or 96 bits) but does not contain much 
other information the EPC information service (EPCIS) has been developed. All relevant 
information about the EPC tagged item is stored in a database and EPCIS defines an interface 
to access the information. The specification does not specify which type of database, which 
operating system or which programming language to use. It describes only the interface, how 
simple queries return the relevant data [18] . 
 
There are two types of data in an EPCIS database. First it is the time stamped data or 
historical data such as information from around a tag reading. And the second is static data 
relevant to an EPC [18] . 
 
Time stamped data 
The time stamped data contains observations, transactions, measurements and symbolic 
location. The observations tells which object was scanned, by which reader it was scanned 
and when it happened. The transactions tell which objects that are associated with a particular 
transaction. The measurements hold historical data from sensors, such as temperature sensors. 
The symbolic location holds information about objects location and it is not presented in plain 
text to prevent a non-authorized query to understand the information [18] . 
 
The information types can be seen as some questions [18]  

� Observations: Who? When? By whom? 
� Transactions: Why? Which one? 
� Measurements: How? 
� Symbolic location: Where? 

 
Static data 
The static data is data that does not change during the supply chain. Some examples of that 
are colour, weight and size [18] . 

4.2.4 Reader protocol 
EPCglobal has also specified the protocol between the application software and the reader. 
The specification includes reader commands that must be implemented and commands that 
are optional to implement [19] . 
 
The standard does not specify if the communication is a Bluetooth communication, serial 
communication or something else. It also does not specify the baud rate, parity and so on but 
the specification says that the manufacturer must specify it together with the reader [19] . 

4.2.5 Other EPC standards 
The following EPC standards are not interesting for the core of this report but mentioned so 
that the reader of this report can search for more information itself. 
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4.2.5.1 EPC sensor network 
The EPC sensor network is, as it sounds, a network of sensors. Each sensor has a RFID 
transponder that can transmit the sensor data to a reader. The information can also be 
transmitted to another RFID tag that passes it to a reader [20] .   
 
An example of an application with a sensor network is when the temperature is checked every 
five minute in a truck. The reader then asks only one tag to get the sensor information from 
every tag in the truck and the tags transmit the information between the tags to the reader 
[20] . 
 
4.2.5.2 ONS 
The Object Naming Service points to the location where the information about each EPC item 
is stored. The ONS gives the information about the EPC item after identification and only the 
information that the inquiry is authorized to get. This can be compared to the DNS for 
Internet [21] . 
 
4.2.5.3 PML 
The Physical Markup Language (PML) specifies the way that the information is transferred. 
There are two different sets: the Savant extension and PML Core. The information is, before 
it is sent, xml tagged so that it is easier to handle for the receiver. The PML must be 
understood in each node in the EPC network [22] . 

4.3 Other standards 

4.3.1 ETSI 
The European Telecommunications Standards Institute (ETSI) is a European institute that 
develops standard to be used in Europe. The standards from ETSI specify radiation and 
frequencies. They do not specify the communication between a reader and a tag or the 
information held by the tag [23] . 
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5 Scania Interactor 
Scania has vehicle computers especially developed for heavy vehicles. The computers are 
called Interactor. There are three different types of the Interactor, 300, 500 and 600 (figure 5). 
All Interactor uses Microsoft Windows XP Embedded. When a driver logs into the system the 
driver does not se Windows at all because it is running in the background. On the Interactor 
500 and 600 you are able to install own applications but in the Interactor 300 this feature is 
not available. The Intercator 300 and 500 is a computer that can be installed in any heavy 
vehicle but the 600 is integrated in the dashboard in Scania P- and R-series. The Interactor 
600 includes a DVD reader and all Interactor have USB ports to connect for example a 
keyboard or a USB flash memory. 
 

 
Figure 5. A dashboard with an Interactor 600. 

 
The main applications that are important to this thesis are Scania Order Support and Scania 
Driver Log but the Interactor also contains Scania Navigation and some other applications 
depending on type of Interactor. 
 
In each Interactor there is a SIM card for GSM communication. Information about the vehicle 
and the orders loaded on the vehicle is sent to an Internet portal so that a company’s transport 
planner can access it. 

5.1 Scania Order Support 
Scania Order Support is a system that handles orders in the vehicle. Orders can be shown and 
as the work progress the driver updates the order for example when the order is loaded, when 
the driver start towards the order destination and so on. The updates are sent to the transport 
planner as soon as the driver has made a change in an order. The functions of Order Support 
can differ because the configuration is set individual to each company in an XML-file. 
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Figure 6. Scania Order Support 

5.1 Scania Driver Log 
Scania Driver Log is an application that logs the driving time on each driver. It also asks the 
driver why he stops, if it is because of loading or break or something else. The time reports 
are sent to the transport planner so the planner knows the “real” working time for the driver. 
As in Order Support the functions of Driver Log can be configured depending on the need of 
the transporting company in a configuration file in xml. 
 

 
Figure 7. Scania Driver Log 
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6 Handling goods registration with Order Support 
Many companies have marked their goods with an RFID or a barcode label. Today there is no 
support to read this information into Scania Order Support. One important advantage with 
reading information into order support is that the company much easier could track all goods. 
Another advantage is that the errors when handling goods will decrease. 
 
There are several ways to connect RFID readers and barcode readers to a host computer, 
USB, Bluetooth or to the serial port but there is one main way to communicate with the 
readers. This is through a serial communication. The manufacturer of the reader device 
provides drivers for the reader to make it appear in the host computer system as it is 
connected to a serial port (COM port). To make it even easier to communicate with barcode 
readers the manufacturer of barcode readers has developed a mode for the readers called 
wedge mode [24]. In this mode the reader acts as it is a keyboard. A driver or an application 
handles the communication with the reader and converts the barcode into key presses.  

6.1 Requirements 
To design a system that can handle a barcode reader or an RFID reader means that many 
requirements can be set up. The requirements can come from the customers who will use this 
system, from the market or the suppliers of RFID and barcode equipment and from Scania 
who will develop, implement and maintain the system. 
 
The main requirements are: 

� A system that is independent of which hardware that is connected to the Interactor. 
� Support for wireless readings. 

6.2 Scenario and use case model 
To develop an architecture of the system a use case model was necessary. This model was 
created and discussed between employees at Scania CV AB. The model shows each user of 
the system and what the user shall/may expect of the system. For example the driver of the 
vehicle must scan each item he loads and unloads. The administrator of the system must 
configure the system correct and the transport planner must send orders to the vehicle. The 
use case model is shown in appendix A. 

6.3 Architecture of the system 
From the use case model an architecture of the system can be developed. At first an 
architecture shown in figure 8 was discussed. 
 

 
Figure 8. The architecture at an early stage. 

The gateway in the architecture (figure 8) was supposed to handle all communication with the 
reader device and the goods application was supposed to change status on orders in Order 
Support. To use this architecture a matching has do be done between the orders in Order 
Support and the id that comes from the gateway. Often an order consists of several items and 
therefore it can not be assumed that the reader device delivers the order number. Instead it 

Goods 
application 

Order 
Support 

Reader 
device Gateway 
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delivers the number of the item. This is why the matching has to be done. The architecture 
was further developed and a later version is shown in figure 9. 
 

 
Figure 9. The architecture at a later stage. 

The architecture in figure 9 has a matching between the order id and the id from the reader 
device. In this architecture the driver initiates the matching. The driver presses a button Load 
or maybe Unload in Order Support (or maybe Driver Log) and then connects the reader 
device. Order Support makes a list with orders that fulfills the requirement (Load). The reader 
device delivers the ids and the Goods application makes a list. The lists are matched either 
automatically or manually by the driver and the status is changed on the order. 
 
To the Goods application, in figure 9, an XML-file is attached. The file describes the form 
(start character, length of id, end character and so on) of the id that is expected. These settings 
may be done in the Interactor Administration tool, a tool to configure the software on the 
Interactor. The XML-file may also describe the serial communication, which port to connect 
to, reader device specific commands (for example acknowledge or if a batch reader is used 
“empty memory”-command). In most cases the parity, baud rate, handshake, start and stop 
bits are not important. When a device is connected to the USB or Bluetooth a virtual serial 
port is created for that device and the function of the driver from the manufacturer is 
independent of some serial characteristics. 

6.3.1 Problems 
One main problem is that the Interactor 300 is designed so that the user can not install own 
software but on the Interactor 500/600 this is allowed. It is necessary to install the drivers for 
the reader device and if the wedge mode is decided to be used it may be necessary to install 
software from the manufacturer of the reader device.  

6.3.2 Solutions 
To solve the installation problem on the Interactor 300 an area can be opened up to admit 
installations. This has been done earlier to get other applications work correctly.  
 
Another solution to the problem is to investigate the possibility to preinstall a commercial 
wedge application. Since RFID readers do not often support wedge mode a commercial 
application may be interesting. Another aspect is that a general communication is difficult to 
implement and it may be an easy solution to use a commercial wedge application. Then the 
user does not need the opportunity to install the wedge software but only the drivers for the 
reader device. 
 
If Scania wants to differ more between the Interactor 300 and the Interactor 500/600 it is also 
possible to make a support for some barcode and RFID readers in the Interactor 300 and no 
opportunity to install own drivers. In the Interactor 500/600 the user already has the 
opportunity to install drivers and applications and therefore can install which reader device 
they want. The only requirement may be that the reader device supports wedge reading, either 
via the manufacturer application or via a commercial application installed by the user. 
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6.4 Similar systems and interesting providers  
When looking at similar systems with RFID readers there are no systems that are similar in 
the way that the user can connect a RFID reader to an onboard computer and after some 
configuration expect it to work. Every RFID system used is closed systems. It is closed in the 
meaning that the system is only used by one company internal or maybe in a transport line 
where all the actors have implemented the same system. 
 
Carrierweb [25]  has an RFID solution in a closed system. Each trailer is marked with a tag 
and each truck is equipped with an RFID reader. When the driver gets an order the reader tells 
if the driver gets the right trailer. The transport planner can also do an inventory of which 
trailers that are present at the yard. RFID is also used to monitor if, when and where the door 
to the trailer is opened. The trailers can also be equipped with temperature sensors and the 
value is transmitted via RFID and logged during the transportation. 
 
Microlise [26]  offers a full FMS system. The RFID part is complete with tags and readers 
from IBM. The system knows which items that are going to be loaded or unloaded and tells if 
wrong item is picked.  
 
Sun Microsystems [27]  has an RFID middleware solution working with EPC enabled readers. 
There also exist several open source projects. Some is the RFID middleware communicating 
with readers of EPC type and some emulates readers so that applications can be tested on a 
computer without hardware. 
 
Taltech [28]  has several wedge applications. One of them is called WinWedge and can 
redirect information from the serial port to a file or another application. It is possible to 
specify which application the information will be sent to. WinWedge can also decode 
information in either ASCII or hexadecimal and other formats as well.  

6.5 Suggested system 
Since RFID is not used widely but barcodes is, the suggestion is to implement support for 
barcode readers but not for RFID readers yet. It is easy to implement a support for barcode 
readers that support the wedge mode. To implement a support for RFID readers it requires 
more sophisticated methods. The big challenge is to make an application that can handle all 
different communication protocols. Because of this the suggestion is to, at a later time, 
implement the EPC standard protocol. Likely this is the standard that is going to be used. 
 
With a wedge application the system would look like figure 10. 
 

 
Figure 10. The suggested system. 

The difference from earlier architectures is that a Wedge application is required and Scania 
may preinstall the application or the customer may install it. The easiest would be to let the 
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user install the wedge application. Furthermore it is unlikely that a commercial wedge 
application can empty a barcode reader’s memory while the manufacturer’s application likely 
will be able to do this. 
 
Since users is not allowed to install own applications on the Interactor 300 the suggestion 
would be to preinstall drivers and wedge applications for the largest manufacturers of barcode 
readers. For example the user can then in the Interactor Administration tool select which 
barcode reader that is used and then get access to configure the wedge application. 
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7 Demo implementation 
To evaluate the suggested system a demo was implemented on an Interactor 600. The demo 
would show if an application was able to affect order support without changing the existing 
order support application. To build the demo some hardware had to be added to the Interactor 
and an application had to be made. 

7.1 Hardware  
For the demo four different readers was purchased. It was two barcode readers and two RFID 
readers (figure 11). Three of the readers had a batch mode (could store barcodes/tags in a 
memory) and three of the readers was Bluetooth enabled and the last one was connected to the 
USB port. Due to the Bluetooth readers a Bluetooth dongle also was purchased. 
 

 
Figure 11.  The four readers, the Bluetooth dongle and some RFID tags. 

7.2 Hardware configuration 
The hardware was tested on two different computers, an ordinary PC with Microsoft 
Windows 2000 SP 4 and an Interactor 600 with Microsoft Windows XP Embedded SP2. On 
the PC it was necessary to install the Bluetooth drivers. Windows XP SP2 already contains 
Bluetooth drivers but in the Interactor they have been removed because they are unnecessary 
and therefore the Bluetooth drivers for XP SP2 were installed again. 
 
Before the Bluetooth readers could be used, the Bluetooth devices had to be paired together 
with the dongle. All readers use a serial port to communicate with the host and when a reader 
is paired with the host a virtual serial port is created and assigned for the reader device. Once 
the host and reader device is paired it does not have to be done again. 
 
For the USB reader the drivers was installed and later also an application called scanner 
wedge. 

7.3 Software 
To communicate with the readers a software application was written in asp.net c#. The 
software could connect to a serial port and exchange information with the readers with some 
limitations. When testing the communication with the readers on the PC with Microsoft 
Windows 2000 the RFID readers worked well but together with the Interactor only one of the 
readers worked. It showed up that the reader that did not work opened the serial port before 
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the application and then the port was inaccessible for the application. To solve this problem 
an application that handles the Bluetooth need to be implemented or installed on the system. 
Another possible solution is to open the serial port as a virtual port. In .net 2 there is a port 
class which can handle virtual ports but in .net 1 which this application was written in there is 
no support for serial ports at all. Therefore a commercial library was used but it had no 
support for virtual ports. Because of this one reader was not able to be used with the 
Interactor. 
 
The barcode readers were also a little tricky to use. They required an acknowledge (ACK) 
after each transmission or else they would send the information again. They also used an 
encoding that the producer had not specified. When contacting the retailer with this problem 
the retailer thought this was solved with a software development kit (SDK) for implementing 
the reader. Since the SDK would make the system nondependent of the hardware it was not 
interesting for the demo. Instead a wedge reader was installed. The wedge reader is an 
application from the producer that handles the communication with the reader and translates 
the barcode into key presses from a virtual keyboard. Then the demo application could read 
the key presses.  
 
The wedge reader made that the batch mode also could be used for these readers. The last 
batch reader could not be used in batch mode because the demo application was unable to 
send the “empty your memory”-command. This was not possible to implement because the 
command is specific for each reader. 
 
When the demo application (figure 12) could receive tags/barcodes the ids (barcodes/tags) 
had to be connected to an order. This demo assumed that the id was the same as the order 
number. This is not realistic but the purpose of the demo was to show that the technique 
worked. When the correct order was found the user had to choose the status of the order. The 
possible next statuses for a status are defined in the xml configuration file for order support. 
When a status had been chosen the status was set in order support. The source code for 
finding an order from an id and change the status of the order is shown in Appendix B and C. 
 



  29 

 
Figure 12. The demo application. 

7.4 Software configuration 
To get the demo application work properly with serial communication some settings must be 
set first. This is done when the demo application is opened. First a serial port is chosen and 
then connected to. When a reader is connected a known tag/barcode is read and imported to 
the application. The application shows different suggestions and the user can chose which 
suggestion that is the correct one. The user is also able to remove some characters at the 
beginning and at the end of the tag/barcode. This option exists because some readers add 
some info or uses a start and stop character when transmitting the id/barcode. When the 
id/barcode has been set the application will sort out unnecessary information and only deliver 
the id/barcode. 

7.3 Differences from the suggested system 
The biggest difference between the suggested system and the demo implementation is that the 
demo assumes that the barcode/id is the order number. In a realistic situation one order often 
consists of several items. Order Support must know every barcode/id on each item in an 
order. If Order Support does not know all barcodes/ids the driver of the vehicle must connect 
the read barcode/id to an order. 
 
The demo implementation also has all configuration parameters in the same screen as the 
information from the readings and statuses. In a real implementation this would be separated. 
The driver of the vehicle should not be able to change the configuration parameters. 
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8 Conclusions 
To implement a support for barcode readers and RFID readers in Order Support will make the 
Interactor more competitive. The support will attract new customers who today uses barcodes 
or RFID as goods labelling. 
 
To implement barcode support in Order Support the easiest way is to let the user install 
drivers for the reader and a wedge application. The wedge application handles the connection 
with the reader and converts the barcode to key presses from a virtual keyboard. On the 
Interactor 500/600 the installation will not be any problem but on the Interactor 300 the user 
is not allowed to install any own applications. To solve this Scania could preinstall drivers 
and wedge applications from the largest actors on the barcode reader market. 
 
The RFID reader support is not as urgent as the support for barcode readers. Smart labels are 
an RFID tag with a barcode printed on it and therefore the user probably can be satisfied with 
a barcode reader support. If Scania wants to implement support for RFID readers Scania 
should develop an own RFID application that handles the communication with the RFID 
reader. Probably the EPC standard for RFID will grow and this is the standard that should be 
implemented. The EPC standard defines a standard to communicate with RFID readers. 
 
In a heavy vehicle it probably will be useful with a cordless reader. To support this Scania 
should add Bluetooth to the Interactor. This can be done in several ways, integrated or via 
USB. 
 
The demo implementation shows that Order Support can be affected from another application 
and visualizes a possible workflow.  

8.1 Future work 
One important thing that must be decided is if Scania will use a wedge application or develop 
an own application that handles the communication with the readers.  
 
If a wedge solution is chosen Scania should collect drivers and wedge applications from the 
largest actors on the barcode market to preinstall these. Then a way of activating and 
configuring a reader must be implemented, as a suggestion in the Interactor Configuration 
tool. 
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Appendix A – Use case model for a barcode reader or  an 
RFID reader with Order Support 
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Appendix B – Source code for finding an order and t he 
possible next statuses to that specific order 

 
private  void  connectToOrder( string  id) 
{ 

try 
 { 
            listBox1.Items.Clear(); 
  //get the full dataset of orders 

ds = 
Scania.FleetManagement.Applications.OrderSupport.Se rv
iceFacade.OrderSupportFacade.GetFullOrderDataSet();  

    
  int  PrimaryKey = -1; 
 

foreach  
(Scania.FleetManagement.Applications.OrderSupport.C or
e.DataAccess.OrderSupportDataSet.OSOrder osOrder in  
ds.OSOrderCollection) 

  { 
//if the order id from a reading equals an 
order number get the key to the order 

   if  (osOrder.Ordernumber.Equals(id)) 
   { 
    PrimaryKey = osOrder.PrimaryKey; 
   }   
  } 
 

//if the order was not found, ask the user to pick an 
order from the list 

  if  (PrimaryKey<0) 
  { 
   //*************************** 
   //För orderlista att välja i 

 
Scania.FleetManagement.Applications.OrderS
upport.UserInterface.Process.ClientControl
ler client = 
Scania.FleetManagement.Applications.OrderS
upport.UserInterface.Process.ClientControl
ler.Instance; 

 
   OrderEventArgs orderInfo = null ; 

 
DialogResult res = 
client.PickOrderByOrderType(1,"Order: " +  
id + " okänd. Välj en order.", out  
orderInfo); 

   if  (res.Equals(DialogResult.OK)) 
    PrimaryKey = orderInfo.Key; 
  
   //******************************** 
 
  } 
 
  //if an order is found/chosen by the user 
  if  (PrimaryKey>0){ 
   orderKey = PrimaryKey; 
   //save the key globally 
   //get the order with the order key 

Order order = 
Scania.FleetManagement.Applications.OrderS
upport.ServiceFacade.OrderSupportFacade.Ge
tOrder(PrimaryKey); 
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   //if the order exists 
   if  (order!= null ) 
   { 

//tell order support that this 
is the chosen order 
Scania.FleetManagement.Applicati
ons.OrderSupport.UserInterface.P
rocess.State.Instance.ClientOrde
r = order; 

 
//display the current status of 
the order 
 
label2.Text = 
order.Status.ToString(); 

      
    //clear the status list 
    listBox1.Items.Clear(); 
      

//get the status list of 
possible next statuses 

    IList list =  
Scania.FleetManagement.Applicati
ons.OrderSupport.Configuration.C
onfigRepository.GetNextStatuses(
order.OrderTypeDescriptor, 
order.Status); 

 
    //add the statuses to the list 

foreach  
(Scania.FleetManagement.Applicat
ions.OrderSupport.Configuration.
StatusDefinition 
nextStatusDefinition in  list) 

    { 
string  ss =  
(nextStatusDefinition
.MappingValue.ToStrin
g()); 

      
    listBox1.Items.Add(ss); 
    } 
 

//if any statuses shown in the 
list, enable the list and the 
"change status" button 

    if  (listBox1.Items.Count > 0) 
    { 

listBox1.Enabled = 
true ; 
button5.Enabled = 
true ; 

    } 
    else  //shouldn't happend 
    { 

MessageBox.Show("Inga 
statusar att ändra 
till!"); 

    } 
   } 
  } 
 } 
 catch (Exception e) 
 { 

MessageBox.Show(e.Message + "\n\n" + e.StackTrace +  
"\n\n" + e.Source); 

 } 
} 
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Appendix C – Source code for changing a status on a n 
order 
private  void  button5_Click( object  sender, System.EventArgs e) 
{ 

//get an order support client 
 
Scania.FleetManagement.Applications.OrderSupport.Us erInterface.P
rocess.ClientController client =  
 
Scania.FleetManagement.Applications.OrderSupport.Us erInterface.P
rocess.ClientController.Instance; 

   
 try 
 { 
  listBox1.Enabled = false ; 
  button5.Enabled = false ; 
 
  // get the status (chosen from the list) as an int 

int  status = 
StatusControl.getIntStatus(listBox1.SelectedItem.To St
ring()); //FIXA PÅ BÄTTRE SÄTT 

 
  //set the order status 
  client.SetOrderStatus(orderKey, status); 

 
//send the order (all the updates in ordersupport i s 
done here) 

  client.SendOrder(orderKey); 
   

//SendOrder throws an exception when updating the 
order list view.  
//The update is done but not displayd for the user 
until the user updates it manually, 
//(chosing another tab and the baack to the order 
list view). 

 } 
 //catch the exception from SendOrder and ignore it 
 catch (Exception ex) 
 { 

//MessageBox.Show(ex.Message + "\n\n" + 
ex.StackTrace); 

 } 
 //do this allways 
 finally 
 { 
  listBox1.Items.Clear(); 
  label2.Text=""; 
      
  listBox2.Items.Remove(listBox2.SelectedItem); 
  //base.Hide(); 
 } 
} 
 
 
 


