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Abstract 
 
All digital-TV receivers that are existent on the market today include some sort of a 
multiplexer which filters the data, the sound and the picture from the digital stream. 
These de-multiplexers are rather complex and general. The purpose of this Master Thesis 
is to develop a de-multiplexer which would solely filter one specific type of information 
out of the data stream, in our case the name of the network. 
 
The main task of this project contains a close study of MPEG2 and the transport streams 
in order to find a solution and create a static de-multiplexer. Another part of this project 
is to choose an adequate method for the control and data communication. We will study 
the bus protocols I2C and SPI. 
 
Finally we will construct the entire circuit after having chosen the Development 
Environment, DE and considered all the different circuit designs suitable for our task as 
well as the working at a low production cost, which is of course an important factor and 
challenge.  The first part of construction will be made in Very High Speed Integrated 
Circuit Hardware Description Language, VHDL, and once the program is tested and 
working we will implement it and build the circuit. We will run a test of the final circuit 
test by filtering a near satellite signal and get the name of the aimed network. 
 
 

Sammanfattning 
 
I alla digital-TV mottagare som är ute på marknaden idag finns en multiplexer som 
filtrerar data, ljud och bild ur den digitala strömmen. Dessa demultiplexers är ganska 
komplexa och generella. Detta examensarbete går ut på att skapa en demultiplexer som 
endast filtrerar ut en specifik del ur dataströmmen, i detta fall nätverksnamnet. 
 
En viktig del av uppgiften är en studie av protokollen MPEG2 och transportströmmar för 
att finna en lämplig lösning på hur man kan konstruera en statisk demultiplexer. Under 
projektets gång undersökte vi olika metoder för hämtning och kontroll av data och valde 
att koncentrera oss på två buss protokoll I2C och SPI.  
 
Slutligen ingår själva konstruktionen av kretsen samt val av utvecklingsmiljö och även 
framställningen av själva kretsen, priset är naturligtvis en viktig faktor och även en del av 
utmaningen. Konstruktionens första del görs i Very High Speed Integrated Circuit 
Hardware Description Language, VHDL, och så när som programmet fungerar 
implementas den och kretsen är redo att byggas. Den slutliga versionen av kretsen testas 
genom att vi filtrerar en satellitsignal och får fram namnet på det efterfrågade nätverket. 
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1  Introduction 
 
Zenterio AB is a Swedish IT company that develops innovative solutions and 
technologies for digital-TV and mobile phones. They create the entire system, custom 
made for a specific client, producing both the software and the hardware. One of their 
latest orders is a digital TV set-top box measurement device. Their task is to create a 
solution for a client who whishes to enhance the quality of this product with additional 
services. 
 
The purpose of this thesis work involves an upgrading of that unit. We were asked to 
design a hardware integrated circuit that gives out information about the network 
supplier, in our case the network name.  
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2 Problem and purpose 
 
Here is a brief presentation of the problem and the improvements which shall be done to 
the target device in this project. 
 

2.1 Problem 

 
Television signals are communicated by a satellite antenna to a client via a number of 
steps. The signal consists of audio, video and data information. In order to measure 
different parameters that are transmitted, one can use a device to set and read values such 
as the frequency and its signal to noise ratio. The measurement device allows the client to 
set the frequency and read the signal from any specific satellite, see figure 2.1. 
 

 
 

Figure 2.1 Relation between the measurement device and the satellite. 

 
 
Among the features that are included in the measurement device in question, an 
additional service is desired, the name of the emitting operator. In order to get the name, 
a table called Network Information Table, NIT, must be filtered. The problem of this 
project is how to get this table.  
 
 

2.2 Purpose 

 
The main purpose of this solution is to enable further access for the client. From the NIT, 
the client may read the name of the operator among other network information. Apart 
from the network name you can also find orbital position, polarization, modulation and a 
few other parameters which are included but will not be discussed further in this project.  
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3 Overview of the system 
 

The figure 3.1 shows the flow of the satellite signal to the target device. The satellite 
signal will be transformed in the receiver circuit to the transport stream packets with 188 
data bytes each. The data packets arrive at the FPGA and one specific packet will be 
filtered out and stored in a buffer. The main processor, ARM7, in the target device will 
address the FPGA via the I²C communication bus and receive all stored data bytes of the 
packet. 

 
Figure 3.1 Overview of the system. 

 

The development of the system design was done in both a software and hardware 
environment. Both segments are necessary throughout the entire process. As they 
complement each other, they help to insure a complete successful functionality of the 
final product.  
 

3.1 Software 

 
The programmable logic unit that was employed had to be programmed in a hardware 
descriptive language, Very high speed integrated circuit Hardware Description Language, 
VHDL. For a closer insight and for purpose of learning the descriptive language two 
modern textbooks were used [1, 2]. In addition to the books a tutorial found on the web 
was very useful for design exercise [35].  
 
The most convenient solution found was Xilinx ISE™ WebPACK™. It proved to be both 
user-friendly and without any charges. The entire package is free for download on 
Xilinx’s website. The environment supports both the chosen processor and the language 
[27].   
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Creation of the complete hardware description was done solely with use of Xilinx ISE™ 
WebPACK™. This tool is vital for FPGA and CPLD design. 

3.2 Hardware 

 
After synthesizing the written VHDL application in a software environment, the program 
needed to be tested on an electronic device. The simplest thing to do was to find an 
existing development board which could run all mandatory tests. 
 
This is why Spartan™-3E FPGA Starter Kit was used, see figure 3.2. The kit was fully 
equipped which make the prototype VHDL design possible to be tested, while instantly 
showing the results from the tests [28]. 
 
 

 
 

Figure 3.2 Spartan™-3E FPGA Starter Kit. 

 
During the development process there was a need for a few more hardware devices. All 
of them were necessary, with the Starter Kit Board playing the key role.  
 
The receiver circuit transformed the satellite signal to the transport stream and fed it to 
the Starter Kit Board. Another device generated an I2C communication to the main board. 
The target device was the one that captured the satellite signals. 
 



 
 

 
To verify that the whole process and design 
were stored in the RAM component
 
In the Spartan-3E Starter Kit Board there are four slide switches and four push buttons. 
These buttons were used as the 8 
RAM component. The output of the specific data byte, pointed out by the add
was directed to the board’s 8 LED. Any single 
light up the corresponding LED.
 
By the address signals, with the range from 0 to 255, the data bytes
one by one in the RAM, startin
presented in the table shown in figure 
 
Since every network operator has its own frequency, the aim was to try three
frequencies taken from the website lyngsat [27]. 
BetaDigital, Astra and Satmode Demo. 
 
However, only BetaDigital with the corresponding NIT 
document. 

Starter Kit Board
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Figure 3.3 Evaluation board with I²C. 

To verify that the whole process and design were working properly, 
stored in the RAM component had to be confirmed.  

3E Starter Kit Board there are four slide switches and four push buttons. 
used as the 8 bit address signals accessing the data bytes stored in the 

RAM component. The output of the specific data byte, pointed out by the add
to the board’s 8 LED. Any single data bit of the output with a ‘1’ is able to

light up the corresponding LED. 

By the address signals, with the range from 0 to 255, the data bytes were passed through 
starting with the address 0 up to the maximum 183. The result is 

the table shown in figure 5.2. 

Since every network operator has its own frequency, the aim was to try three
frequencies taken from the website lyngsat [27]. The retrieved net

Astra and Satmode Demo.  

ital with the corresponding NIT has been reported in this 

Starter Kit Board 
I2C

TS 

 

, the data bytes that 

3E Starter Kit Board there are four slide switches and four push buttons. 
the data bytes stored in the 

RAM component. The output of the specific data byte, pointed out by the address signal, 
data bit of the output with a ‘1’ is able to 

were passed through 
the maximum 183. The result is 

Since every network operator has its own frequency, the aim was to try three different 
he retrieved network names were 

has been reported in this 

Target device 
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3.3 FPGA or CPLD 

 
Architectural comprehension of a processor is mandatory when working on a system 
design of the type applied in this project. There is a constant tug of war between two 
equally strong factors: money and quality. Both need to be taken in consideration when 
deciding which unit is most accurate for the final product. Manufacturers Xilinx, Altera, 
Actel propose several possibilities. Their solutions of the central units differ, sometime 
significantly, in both price and architecture of the core. 
 
An FPGA circuit has been chosen by both technical and economical reasons. An FPGA 
can work much faster than a CPU. If a CPU is to be chosen, it would have to be a latter 
model, that is at least a Pentium class CPU to handle the amount and speed of data in this 
project. The size of the Pentium CPU will be nearly half the size of the target device and 
the target device has only a few square centimeters left to be used. Apart from technical 
reasons, an FPGA cost less than a Pentium. Altogether, an FPGA is more favorable. 
 

3.4 FPGA  

 
The acronym stands for Field Programmable Gate Array and designates an assembly of 
semiconductor devices containing programmable logic components and programmable 
interconnects [24]. Built as an array matrix, its architecture reveals an array of 
configurable logic blocks, CLBs, which are partially made of multiplexers. There are 
several routing channels (wires) that manage signal communication for both internal as 
well as external connection [24, 25]. The meaning of the name Field programmable 
points out that this unit opens a possibility of re-design and re-programming after the 
manufacturing process, leaving it to the customer or the designer to create any desirable 
logical function.  
 

 

 

Figure 3.4 Overview of inner design of FPGA. 
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As seen in figure 3.4 the FPGA are composed of two dimensional arrays of logic blocks 
and flip-flops. Generally, the logic blocks contain 4 look-up tables (LUT) and memory 
[24]. The figure also shows how a simple flip-flop may be used as memory device. It is 
possible to use entire blocks of memories if needed [25]. Logic blocks are implemented 
using multiple levels of low number of inputs of electronic logic gates. The I/O blocks 
are simply input and output communication entries, while the interconnections are 
composed by electrically programmable switches. 
 

3.4.1 Advantage/Disadvantage 

 
FPGAs have shorter time to market as well as lower non-recurring engineering thanks to 
the ability of reprogramming. This leads to cheaper products and a possibility to upgrade 
or fix bugs on the “gadget” after manufacturing. They also include special hardware 
circuitry, e.g. digital signal processing (DSP) blocks with functionalities like multiply and 
accumulate but also phase-locked loops (PLLs) that support complex clocking schemes. 
Unfortunately they draw more power why it is important to respect the heating 
development of the chip. 
 
Another drawback is that the FPGA can’t handle complex designs and they tend to be 
slower than application specific integrated circuits, ASICs. 
 

3.5 CPLD 

 
Complex programmable logic device, CPLD, illustrated in figure 3.5, is an alternative to 
FPGA. As the name gives it out, it is more complex and packed with handy functions 
[26]. PLDs are placed at the low spectrum of logic devices. They consist of a set of fully 
connected macrocell logic and flip-flops and are basically a collection of multiple PLDs 
in a single chip. This conveys more logic design and facilitates the more complicated 
concepts. Unfortunately, unlike in PLDs the interconnecting wires within CPLD aren’t 
necessarily completely connected to the switch matrix. This makes it hard to put to use 
the entire macrocell capacity since some logic blocks aren’t able to share a 
communication channel as the connection may be or may not be existent, if it isn’t 
supported within the CPLD. 
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Figure 3.5 Overview of inner design of CPLD. 

 
These devices are suitable for high performance control logic or complex finite state 
machines. Due to an elevated number of gates, the CPLD and FPGA can achieve similar 
or even same applications. Considering the project specification one of the units that met 
the requirements was Xilinx Coolrunner-II CPLD Family, reasonable in both assets and 
within the budget. 
 

3.6 Conclusion  

 
With an FPGA, the designer programs electrical logic blocks to work as logical gates e.g. 
AND, OR, XOR. The logic functions are to be employed in a specific application. This 
project specification involves a decoder and a de-multiplexer. Before employing the 
FPGA, the designer writes a design in a descriptive language defining all logic 
connections inside the circuit. (This way it is possible to avoid mass manufacturing and  
obtain the desired function.)  
 
This is one of the main reasons as to why FPGAs are most often used for prototyping and 
why it would be an optimal decision for us to work with it. Another fitting asset is the 
ability to re-configure the integrated circuit after it has been manufactured. It can be 
interesting to know that today’s development is focused on reduction of heat by lowering 
the voltage.  
 
On the other hand, a CPLD brings fast results and comes with features such as high speed 
and low power use. Either component would be a good fit for us. In the specification it is 
required to create a prototype of the system. Among with this and the desire to fix 
eventual bugs after manufacturing it appears that FPGA Spartan-3E is the most suitable. 
The study of both units shows that it is the cheapest chip and most relevant for mass 
production 
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4 Background of Digital-TV 
 
Digital television (DTV) is a familiar notion that is daily employed in the increasingly 
modern society of today, yet still vaguely understood by most people. The concept is 
based on a telecommunication system for purpose of broadcast and reception of moving 
pictures and sound.  
 
In order to comprehend some of the profits that come along with digital-TV an 
introduction of its precursor, the analog-TV, must be presented.  
 

4.1 Analog-TV versus Digital-TV 

 
The basic idea behind analog television is to manipulate the encoded broadcasted signal 
by varying its amplitude and frequency [31]. This process continuously repeats the re-
drawing of the picture which is emitted on the television screen as the image changes. 
The moving picture requires an entire frame for each picture whether a movement 
appears in the film or not.  
 
This procedure was very efficient and ensured good quality due to the physical 
characteristics of a sinusoid. Its properties allowed a broad band of informative prospects 
to cover any sum in the set of values that a harmonic signal may be composed of. The 
analog system is very correct and accurate. However, the drawback of such a system is its 
lack of service diversity. Today an important need of a wide signal band is present 
requiring a technology that can ensure it.  
 
Opposite to the analog-TV, digital systems receive binary signals in form of ones and 
zeros. The signal simplicity is bound to use lesser space leaving more room for additional 
data services as well as new, free channels [13]. Digital-TV enables possibilities 
including e.g. further interactivity, a program guide and enhanced text-TV. Terrestrial 
network enables beside the national channels SVT1, SVT2 and TV4 new channels such 
as for e.g. TV6 and SVT24 [16]. 
 
Along with all of the above mentioned digital-TV it also includes economical and 
environmental advantages thanks to a reduced electrical consumption which is estimated 
to be only one tenth of the consumption necessary for employment of analog television. 
Within a few years everybody will watch television broadcasted in digital form and 
analog television will fade out. Although traditional analog signals provide good quality 
of the image, the benefits of digital television are far more attractive. For additional 
information on the digital-TV please refer to M. Röjnes textbook DIGITAL-TV VIA MARK, 

SATELIT OCH KABEL [3]. 
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4.2 The DVB-protocol 

 
All digital-TV information is transmitted in streams of MPEG-2 format with a few 
additional constraints which lead to the creation of a new system, the Digital Video 
Broadcasting (DVB). 
 
This open standard protocol was developed for digital television in order to work as a 
compatible and common standard for all digital video transmission [12]. The protocol 
was primarily aimed for European broadcast but its practical and efficient design allowed 
it to be used in the rest of the world. Only two countries, U.S.A. and Japan apply other 
systems. 
 
These standards define the physical layer and data link layer of the distribution system 
[12]. Devices interact with the physical layer via a synchronous parallel interface (SPI), 
synchronous serial interface (SSI), or asynchronous serial interface (ASI). The 
transmission of MPEG-2 streams over the data link can be communicated in three ways, 
all fundamental [3].  
 

1. Terrestrial 
2. Satellite 
3. Cable -TV - network 

 
DVB systems distribute information using a variety of approaches presented here below: 
 

4.2.1 DVB-T  

 
Terrestrial DVB was designed for terrestrial data distribution of a compressed digital 
audio/video stream [6, 23]. While using Orthogonal Frequency Division Multiplexing 
(OFDM) modulation with a concentrated channel coding i.e. Coded OFDM (COFDM) 
the applied source methods for coding are MPEG-2 and since recently also H.264. For 
further details see European Telecommunications Standards Institute (ETSI) publications 
or following references [3, 6, 12, 21, 22, 31]. 
 
There exist a few other areas of applications for which specific protocols were created to 
be adjusted to the employment such as DVB-H [7]. It is based on the DVB-T standard 
permitting specific requirements of handheld to be met as well as battery-powered 
receivers. 
 

4.2.2 DVB-S 

 
Along with the improved version S2, S is used for transport of data via satellite. New 
features of S2 include cheap to implementation, forward error correction and generic 
stream design [5, 23]. It uses Quaternary Phase Shift Keying (QPSK), 16-Quadrature-
Amplitude Modulation (16-QAM) and Phase Shift Keying (PSK) as methods of 
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modulation [3, 5, 12, 31]. The source can contain one or more MPEG-2 transport streams 
as well as other packet streams such as MPEG-4 and H.264 which are also valid in the 
application. 
 

4.2.3 DVB-C  

 
This protocol is used for cable-TV where data is communicated in an MPEG-2 digital 
audio/video stream, using Quadrature Amplitude Modulation (QAM) with channel 
coding [3, 8, 23]. QAM is a modulation form that transfers data through modulation of 
some parts of the carrier signal in response to the data signal [17]. 
 

4.3 MPEG 

 
Moving Pictures Expert Group or MPEG is an ISO/IEC, an international group for 
standard setting of various national bodies [21, 31]. The team working on MPEG 
specializes in communication protocols, producing industrial and commercial standards 
world wide. 
 
The focus is on development of video and audio encoding standards e.g. efficient 
compression of moving pictures [3, 31]. The MPEG norm encodes video and audio data 
in a generic fashion. The main aim of this method is to cut down on the quantity of data 
in the video and audio information as much as possible with use of a specific data 
package formula. 
 
This system is convenient for both output-synchronization and good performance in 
digital data-multiplexing [18]. Without user’s notion of a reduced quality in the picture 
and sound, the protocol overcomes this problem and the data loss remains invisible. The 
client is not supposed to experience any damage in the aired program compared to a 
program emitted via analog-TV. 
 
High compression of digital-TV information is inevitable in digital communication 
because the rate of data necessary for a TV-image transfer with analog fashion is 
unreasonably high. Being of order 100 Mbit/s it becomes to overwhelming to be sent via 
satellite- or terrestrial sender. MPEGs essential task is to transfer images instantaneously 
in the exact shape in which they appear at the instant they are sent. Transmission of 
analog TV always guaranties a 5 MHz bandwidth for an image regardless its appearance. 
 
Opposite to analog communication, a colorful and detailed image demands a higher 
transfer-rate while for a monochromatic image a lower rate is sufficient. 
 
Another important method for compression of moving pictures is transfer of the 
difference of two images that follow each other. 
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Compression of moving pictures according to the MPEG standard consists of two 
separate coding methods [3]. These methods are: 
 

1. Spatial encoding 
2. Temporal encoding 

 
In the first technique the focus is set on the similarities within a given picture [3]. One 
delimited area may contain a single color and the task of the method is to compare this 
area to the neighboring pixels. This way it can adjust the picture elements.  
 
The temporal encoding receives a set of images and looks through them. The data that 
will be sent for further transmission is the difference between the images [3]. 
 
As a conclusion of this section, it is needless to point out that MPEG-2 is the most 
popular standard. It is the most applied standard world wide, employed in several 
domains e.g. for digital video discs, DVDs, digital TV transmission but also for high 
definition TV (HDTV).  
 

4.3.1 MPEG-1 

 
The first standard, MPEG-1, was sort of a generic code developed to suit different 
purposes. Unfortunately its drawback, a slow data rate meant that the system could only 
reach up to 2 Mbit/s. Today this standard is employed for transmission of movies with a 
low definition. 
 

4.3.2 MPEG-2  

 
The second generation helps avoid the problem of higher data rate and is more suitable 
for normal TV-transmission. Among some new benefits there are the “interlaced 
scanning” which signify that the picture is drawn in several fragments. More details 
around this protocol come further in the text.  

4.3.3 MPEG-3  

 
This protocol was intended for high definition television, HDTV, but soon a discovery 
was made that the previous protocol already covered all requirements a standard of this 
form should pass. 
 

4.3.4 MPEG-4  

 
Last to be developed was the flexible norm MPEG-4. It was aimed to be a standard with 
the same compression as for previous norms, with the ability to manage all forms of data 
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communication, TV-, radio-, and telecommunication. This design handles transmission of 
both sound and TV-image while respecting the data quality which may vary a lot.  
 

4.4 Transport Stream 

 
In an attempt to explain the transmission of digital television programs, this chapter will 
focus on demonstration and clarification of how digital television programs are sent to a 
client. To do that, new terminology will be introduced such as program stream, transport 
stream and multiplexing. They designate protocols applied in communication channels 
for audio, video and data signal-transmission [3]. 
 
The Transport Stream (TS) was at first designed for communication and storing of one or 
more programs of coded data according to ETSI and International Organization for 
Standardization (ISO) standards [11, 12]. It has proved to be very useful when 
communicating other data in environments in which significant errors may appear in 
forms of packet loss or bit value errors. TS streams can be either of fixed or variable rate.  
 
TS is a generic protocol. This ability enables activity of several operations with minimum 
effort [11]. On the other hand, the TS streams comprise an occurrence of difficulties with 
constructing and delivering streams which involve multiple programs with independent 
time bases and which imply that the overall bit rate appears as variable. 
 
In this project the task was to retrieve specific data within the TS, decode it and present 
the results. 
 
All signals that reach the client are in a compressed form [3]. This implies that in most 
cases the information flow is unpredictable in data type due to signal alternation from 
audio- to video- and then to control- or user data [4]. All multimedia information is 
specified in MPEG-2 format according to ISO/IEC standard [11], thanks to which the 
data rate may be lowered. Each data element is packed in a specific part of the stream. 
The standard defines the appropriate combination of all pieces of information into a 
single synchronous transmission bit stream. Merging of streams in this manner is known 
as multiplexing. This type of method of data package is convenient for output-
synchronization and good performance in digital data-multiplexing. 
 
An MPEG encoded stream of data can be multiplexed either as a program stream (PS) or 
a TS. Elementary Stream (ES) which derives from an MPEG-encoder is the raw data, 
which only includes the information necessary for future image and sound re-creation [3]. 
Once ES is obtained, the video and audio data is put together into a data stream until the 
endless data flow is packed into a reasonable size called Packetized Elementary Bit 
Stream (PES) followed by another packaging step. The package is re-wrapped to be even 
smaller and the outcome of this procedure is a transportation stream packet, TS-packet.  
 
Program stream is a term that defines a group of tightly coupled PES packets referenced 
to the same time base [12]. Such streams are perfect for transmission in an environment 
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with rare error occurrence where they permit easy software processing of the received 
data. This form of multiplexing is used for video playback and for some network 
applications.  
 
MPEG TS are built up by PES packets. For explicit description please refer to the article 
of Dr. Gorry Fairhurs which explains the consistency of MPEG Transport Streams [4]. 
Each and every one of the PES elements are broken into fixed-sized TS packet forming a 
general purpose of combining one or more streams, possibly with independent time bases 
[4, 12]. This is suited for transmission in which packet loss is possible and where 
corruption in the data may occur due to provocations from noise, but also where there is a 
need to send more than one program at a time. 
 
To get an overview of how the previously mentioned multiplexing and packet techniques 
are connected to each other, a television program or a DVD will be used as an example 
They contain information about video, audio and subtitles among other information. Each 
sort has its own ES like: 
 

• One ES for digital audio (sampled and compressed) 
• One ES for digital video (sampled and compressed) 
• One ES for digital data (synchronous, or asynchronous) 

 
Each of the ES with variable sizes will then be broken down into smaller blocks, taking 
the form of a PES packet mentioned above. However, a PES packet can have a fixed or 
variable block size with a maximum of 65536 bytes per block including a 6 byte protocol 
header. The PES packet will then transformed into TS and PS with its equivalent packets, 
see figure 4.1. 
 
 

 
Figure 4.1 Data flow from DVD to transport stream. 

 
TS includes several benefits e.g. error correction during transportation over unreliable 
media. TS applications that are used for broadcast come in form of DVB, ATSC which is 
mainly used in United States and ISDB which are used in Japan.  
 
The figure 4.2 illustrates the different fields an MPEG-2 Transport Stream consists of. 
The details of some of the fields which are of relevance in the thesis will be presented 
further in the report. 
 

DVD 

ES audio 

ES video 

ES data 

PES audio 

PES video 

PES data 
TS 

PS 
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Figure 4.2 Complete view of packet mapping. 

 

4.4.1 Packet 

 
What is a packet and why must it be mentioned? 
 
The most basic unit in the TS is the packet. Figure 4.2 shows a set of boxes, also called 
MPEG-2 Transport Stream, further information can be found in [3, 12, 33]. The boxes are 
in fact packets which consist of three elements. The header marks the start of the packet, 
followed by the payload which holds information that is to be carried in the packet. The 
last element signals the end of the packet and is called a trailer. The header starts with a 
sync byte, whose value is 0x47, followed by three one-bit flags and a 13-bit Packet 
Identifier (PID). This is followed by two 2-bit flag control and a 4-bit continuity counter, 
which usually increments with each subsequent packet of a frame, and can be used to 
detect missing packets. Additional optional transport fields may succeed and also another 
optional adaptation field may be used to detect their presence. The rest of the packet is 
basically of payload consistency.  
 
The packet size decreases the risk of corrupted or lost data which might be transmitted by 
the delivery network [3, 33]. Another technique that proves to be useful in error-prone 
environments is intermixing of particular streams within the multiplex reducing the 
impact of unpredictable errors on individual streams. The set-top box itself features the 
ability to manage and conceal or at least minimize errors noticeable by the user. Since the 
error handling isn’t specified by the MPEG-2 specification, each manufacturer works out 
a personal error management system. 
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Usually MPEG-2 stream packets are of order 188 bytes consisting of a 4 byte prefix, the 
header, followed by 184 bytes of payload data [3]. Some transport streams include as 
much as 204 byte packets. This is due to addition of 16 bytes of Reed-Solomon error 
correction data in one of the first stages of the DVB modulator [31].  Because of 
compatibility reasons with asynchronous transfer mode (ATM) systems, the 188-byte 
was originally chosen as the official packet size. ATM shares the similarity of a packet 
structure with the TS. Its length is 53 bytes long, with a 5 byte header and 48 bytes of 
payload. This way it is possible to transfer 188 bytes of useful information with 4 ATM 
packets. 
 
The header contains information about the rest of the package [3]. MTS stream is 
multiplexed retaining parallel video- and audio channels that are identified and sorted out 
based on the information withheld by the header.  The task is to de-multiplex, that is to 
filter, the right information from the stream in an efficient and economical manner.  
 
Apart from the data that is desirable to filter from the TS, the packet might also carry raw 
material, system data, or both. The system data can be e.g. a system clock like a Program 
Reference Clock (PCR) placed for time sampling of the media flow. This way both the 
client and the server have a possibility to synchronize their buffers. 
 
Today, the existent raw material for video and audio is most likely, although not 
necessarily, in PES format enabling further configuration of the system data and of 
synchronization of the decoders. System data includes two time stamps, one time display, 
(DTS) and another for time presentation (PTS). Both can control the way the decoder 
receives information as well as what to expect as result and after how much time. When 
synchronizing the program stream data flow the System Clock Reference (SCR) comes to 
use, which is almost identical to transport streams PCR in functionality except the 
maximum interval allowed for each clock redundancy (CR). SCR has an interval of 
700ms while PCRs is 100ms. 
 

4.4.2 Header 

 
 
Why is the TS header important?  
 

 

Figure 4.3 Overview of the TS package. 

 
Header retrieval is an inevitable step in this solution. As previously mentioned it is 
through the header all key data is received, for further information see [12]. The four byte 
long prefix withholds all necessary information about the remaining 184 bytes of the TS 
packet, figure 4.3. 
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4.4.3 Semantic definition of fields in the header 

 
Figure 4.4 illustrates all the fields in a TS-packet header. A short description of the fields 
is presented. For those who are interested in details please refer to the ISO/IEC standard 
[11]. 
 

Description of a TS-packet 
header 

Number of 
bits 

Sync_byte 8 

Transport_error_indicator 1 

Payload_unit_start_indicator 1 

Transport_priority 1 

PID 13 

Transport_scrambling_control 2 

Adaption_field_control 2 

Continuity_counter 4 

 
Figure 4.4 Header contents. 

 
Sync_byte: Has a fixed value 0x47, in binary 01000111, which indicating the start of a 
new TS-packet. 
 
Transport_error_indicator: One bit flag, when set to 1 it indicates at least one 
uncorrectable error exist in the packet. 
 
Payload_unit start_indicator: One bit flag, indicating whether the packet contains the 
start byte of the first section of PES data or PSI data. PSI is presented in more detail in 
the chapter Program Specific Information - PSI. 
 
If the flag is set to 1, then the packet contains the first byte of a PES packet and only one 
PES packet starts within this TS-packet.  
 
However, if the flag is set to 1 and the TS-packet contains PSI data instead, then the flag 
indicates that the first byte of the payload carries the pointer field. The pointer field is an 
integer value telling the number of bytes between the pointer field and the start of the first 
PSI section. Although several PSI sections can exist in a single TS-packet, the pointer 
field gives only the direction to the first byte of the first section. 
 
Transport_priority: One bit flag, when set to 1 it indicates this TS-packet has higher 
priority compared to other TS-packet with the same PID if theirs equivalent flag is set to 
0. The priority may be used in the transport mechanism to differentiate data packets 
within an elementary stream. 
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PID: A 13 bit long field stating the type of the content in the packet payload. For a brief 
description of the different tables please refer to the section 4.5 Program Specific 
Information PSI. 

Value Description 

0x0000 Program Association Table 
0x0001 Conditional Access Table 
0x0002 – 0x000F Reserved 
0x00010 May be assigned as network PID, 
… program map PID, elementary PID,  

or  
0x1FFE for other pupose 
0x1FFF Null packet 

 
Figure 4.5 PID table. 

 
Transport_scrambling_control: 2 bit flag indicating the scrambling mode of the TS-
packet payload, where 00 defining not scrambled and the remaining three is user defined. 
Scrambling is an encryption algorithm to prevent unauthorized use of the satellite data 
streams.  
 
Adaption_field_control: 2 bit flag indicating the existence of the adaption field, see 
figure 4.6. 
 
 

Value Description 

00 Reserved for future use by ISO / IEC 
01 No adaption field, payload only 
10 Adaption field only, no payload 
11 Adaption field followed by payload 

 
Figure 4.6 Adaption field table. 

 
Continuity_counter: 4 bit incrementing field counter for the packets with the same PID. 
When reaching the maximum value it turns around and starts from 0. The continuity 
counter increases only if the adaption field is 01 or 11. 
 

4.5 Program Specific Information – PSI 

 
The decoder unpacks and attaches the incoming TS packets in a certain order to ensure 
that the client receives the chosen channel [12]. The PID discerns the contents of the data 
that TS is composed by using Program Specific Information tables, also known as PSI 
tables [11]. There exists four PSI tables and they are carried in TS. 
 

• Program Association Table (PAT) serves as correspondent between a 

program_number and the PID of the TS packets that carry the definition of the 

program (the PMT_PID) [12]. Each PAT may be segmented into 255 sections 

before packed into TS packets. This way every section transfers a part of overall 
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PAT and thereby minimizing data loss in error conditions. If a bit error would be 

found or a packet lost, the damage would be localized. Since the sections are 

rather small, other sections might still be decoded correctly thanks to reception of 

error free segments. The PAT is not transmitted with encryption. 

 

• Program Map Table (PMT) is a systematic description between a program 

number and the program elements [12]. TS packets can contain one or more 

privately-selected PID values, where they can hold other private structures 

according to the definition in the table_id field. Two things important to note 

about this table is that transmission of information on events in private descriptors 

are possible if sent within TS_program_map_section. The other thing worth 

noting is that the TS packets including PMT are transmitted without encryption. 

 

• Conditional Access Table (CAT) associates one or more CA systems, their EMM 

streams and parameters associated to them [12]. The private contents of the TS 

packets, including CA and EMM parameters will be scrambled. 

 

• Network Information Table (NIT) is discussed in further detail in section 4.5.1 

NIT. 

These tables are sufficient and necessary for the de-multiplexing and presentation of 
programs. The most important to us is the NIT [12]. For brief presentation of what they 
can hold as information refer to the PMT table in the European Telecommunications 
Standards Institute (ETSI) publications. This table specifies which elementary streams 
are associated to form each program and also indicates the PID of the TS packets 
carrying the PCR for each program [11]. The Conditional Access Table, CAT, is useful 
when scrambling employed.  
 
The illustration 4.7 shows the relation between the PAT and the PMT in a TS [4]. 
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Figure 4.7 Relation between PMT and PAT.  

4.5.1 NIT 

 
The location of the NIT is defined to meet the ISO/IEC specification [11, 12]. The table 
is emitted by the operator to the clients. The NIT provides information about the physical 
organization of the multiplexes and TS that are carried through a given network and the 
services characterizing it. In other words, reading of the table allows the digital terminal 
to be configured automatically. If the NIT was to be absent, it would be the user’s 
responsibility to manually configure the terminal by means of validation of symbol rate 
(SR) and PIDs [12].  
 
Each TS can be described as a combination of different sets of identity values, IDs. 
Combination of the original_network_id with the transport_stream_id results in a unique 
identity code. Each network is assigned an individual network_id value also to serve as 
identity code. If it would occur that the NIT should be transmitted on a network on which 
the TS originated then the network_id and the original_network_id shall have the same 
value. All id-codes are allocated in the tables.  
 
By ETSI [12] the table_id 0x40 defines the network information section of the actual 
network. The connection between the PID and the NIT is that, any section of the network 
information constituting a part of a NIT shall be transmitted in packets of transmission 
stream with a PID value of 0x0010.  
 
In general, the contents of the NIT are private. Most often it contains mappings of user-
selected services with e.g. transport_stream_id, channel frequencies, etc. 
  

61 V 61 V 0 PAT 25 PMT 61 V 61 V 61 V 

TS-packet with different PID 

V : Video                
A : Audio          
O:Otherpacket 

PAT list PIDs for PMTs                   
NIT = 10                                        
Prog 1 = 25                                
Prog 2 = 233                                                
Prog 3 = 376                                                   
etc 

PMT list PIDs for Prog 1                                                         
Video = 61                                    
Audio ( eng ) = 64                                                
Audio ( fr ) = 76                                                   
Subtitle = 142                   
etc 

Programme guides                   
Subtitles                                          
Multilmedia data                                    
Audio ( eng ) = 64                                                
Audio ( fr ) = 76                                                   
Subtitle = 142                   
etc 

64 A 25 O 
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4.5.2 Semantics for the network information section 

 
Figure 4.8 presents the semantics of the network information section. For details please 
refer to ETSI standard [12]. 
 
 

Syntax Number of bits 

Table_id 8 

Section_syntax_indicator 1 

Reserved_future_use 1 

Reserved 2 

Section_length 12 

Network_id 16 

Reserved 2 

Version_number 5 

Current_next_indicator 1 

Section_number 8 

Last_section_number 8 

Reserved_future_use 4 

Network_descriptors_length 12 

for ( i=0;i<N,i++){ 
descriptor() 
} 

See section 4.6 
descriptors  

Reserved_future_use 4 

Transport_stream_loop_length 12 

For( i=0; i<N,i++){  

     Transport_stream_id 16 

     Original_network_id 16 

     Reserved_future_use 4 

     Transport_descriptors_length 12 

     for(j=0;j<N,j++){ 
          descriptor() 
     } 

 

}  

CRC_32 32 

 
Figure 4.8 Network information section. 

 

 
Table_id: Within the NIT, there exist other tables having different table_id and carrying 
different data information. 
 
Section_syntax_indicator: 1 bit flag which shall be set to ‘1’. 
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Section_length: A 12 bit long field of which the first 2 bit shall set to ‘00’. It defines the 
length of the section, which has a maximum value of 1024 bytes including the Cyclic 
Redundancy Check (CRC) which is function that takes as input a data stream of 
unlimited length and returns an output value of a certain fixed size. 
 
Network_id: 16 bit long field identifying the delivery system. 
 
Version_number: A 5 bit long field that indicates the version number of the subtable. 
The value will increase by one when updates in the data information occur. The version 
number wraps around to 0 when the maximum number 31 is reached. 
 
Current_next_indicator: 1 bit flag, when set to ‘0’ is indicating the current subtable is 
not valid. When set to ‘1’, the sub-table is applicable. 
 
Section_number: Indicates the number of this section. The first section starts with the 
first value, 0x00. 
 
Last_section_number: Returns the highest section value of the. 
 
Network_descriptor_length: Returns the total number of bytes that describes the 
following network descriptors. 
 
Transport_stream_loop_length: Returns the number of bytes that describes the 
following TS loops. 
 
Transport_stream_id: A label which identifies specific TS from other TS within the 
same delivery system. 
 
Original_network_id: A label that identifies the network_id of the originating delivery 
system. 
 
Transport_descriptors_length: Returns the total number of bytes that describes the 
following TS descriptors. 
 

4.6 Descriptors 

 
The for loop iterates as many times as there are i number descriptors in the network 
specific NIT. 
 

4.6.1 Network descriptors 

 
The network_descriptors contains the information about the network, please refer to the 
DVB specification [12]. There exist many different network_descriptors that describe 
different parts of the network. When only looking at the NIT, there are about 14 different 
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descriptors covering network_name and satellite_delivery_system to frequency_list and 
terrestrial_delivery_ system. Apart from the NIT, there are other tables such e.g. the PMT 
table that has other descriptors. 
 
The table below, figure 4.9, presents a list of the different descriptors described in the 
DVB specification [12]. For the complete list please refer to the ETSI standard [12, part 
6]. 
 

Descriptor Tag value 

Network_name_descriptor 0x40 
Service_list_descriptor 0x41 
Stuffing_descriptor 0x42 
Satellite_delivery_system_descriptor 0x43 
Cable_delivery_system_descriptor 0x44 
Linkage_descriptor 0x4A 
Terrestrial_delivery_system_descriptor 0x5A 
Multilingual_network_name_descriptor 0x5B 
Private_data_specifier_descriptor 0x5F 
Frequency_list_descriptor 0x62 
Cell_list_descriptor 0x6C 
Cell_frequency_link_descriptor 0x6D 
Default_authority_descriptor 0x73 
Time_slice_fec_identifier_descriptor 0x77 

 
Figure 4.9 NIT descriptors.  

 
Since this thesis work is about retrieving the TS-packet that contains the network_ 
name_descriptor, other descriptors will not be discussed further. 
 

4.6.2 Semantics for the network_name_descriptor 

 
The network_name_descriptor presents the name of the network in text form [12]. Figure 
4.10 presents the semantics for the network_name_descriptor. 
 

Syntax Number of bits 

Network_name_descriptor(){  
     Descriptor_tag 8 
     Descriptor_length 8 
     For(i=0; i<N;i++){  
          char 8 
     }  
}  

 
Figure 4.10 Network_name_ descriptor. 

 
Descriptor_tag: the tag value for this descriptor is 0x40 [12]. 
 
Descriptor_length: The total number of bytes in this descriptor [12]. 
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Char: A string of characters that reveal the name of the delivery system [12, part Annex 
A]. The coding of the text characters is specified and standardized. 
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5 Finding the NIT 
 

5.1 Using the TS-packet header 

 
The main task in this thesis work is to filter the TS-packet which contains the part of 
interest of the NIT. The first thing that must be done is to locate the beginning of the TS-
packet which is the sync_byte with the value 0x47. Further on, the 
payload_unit_start_indicator should be set to ‘1’. The next step is to determine what PID-
value the NIT is assigned. By the specification [12], the NIT has PID-value of 0x0010 in 
the TS-packet header. The following step is to decide whether the TS-packet has payload 
only or if the adaption field is also present. The first case to be presented below is 
payload only followed by a presentation of what occurs with presence of an adaption 
field. 
 

5.1.1 Payload only 

 
In this case only payload is obtained, which occurs when the adaption_field_control is 
‘01’. The following step is to to locate the pointer_field in the payload [11]. It is placed in 
the first byte in the payload section of the TS-packet. The pointer_field marks where the 
first byte of the first section in the NIT starts. To verify that the NIT was found, the 
table_id value must be 0x40. Finally, the last condition that has to be met before storing 
the TS-packet is to validate the section_number. In order to start storing the TS-packet, 
the section_number was set to be 0x00. Once all the conditions are met, the NIT may be 
found, withholding the network name in the network_ name_descriptor. 
 
The conditions that have to be met from start to end are: 
 

1. Sync_byte = 0x47 

2. Payload_unit_start_indicator = 0x1 

3. PID = 0x0010 

4. Adaption_field_control = 0x1 

5. Pointer_field = the number of bytes before the first section starts. 

6. Table_id = 0x40 

7. Section_number = 0x00 

The figure 5.1 illustrates a TS-packet with the pointer_field chosen to be 0x07 for 
illustration purposes. 
 
 
 

 

Figure 5.1 A TS-packet with header and payload only. 

 

0x47…0x1…0x0010…0x1 0x07   1 B 1 B   1 B   1 B   1 B   1 B   1 B   0x40…0x00   …  
…… 
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The number of bytes in the payload, when the adaption field is absent:  
B = bytes 
188 B – 4 B header – 1 B pointer_field = 183 B. 
 
Figure 5.2 illustrates a TS-packet that has been filtered out. 
 
 
Row 
nr 

Bytes 

1 40 F3 1F 00 85 CD 00 00 F0 69 40 0B 42 65 74 61 
2 44 69 67 69 74 61 6C 4A 07 04 57 00 01 00 00 01 
3 4A 07 04 54 00 01 00 00 01 4A 08 00 01 00 85 00 
4 00 0A 02 4A 07 00 11 00 85 0F 84 F2 4A 07 04 54 
5 00 01 00 00 04 4A 07 04 57 00 01 00 00 04 4A 08 
6 00 11 00 85 00 00 0A 02 4A 07 00 02 00 85 0F 80 
7 F0 4A 07 00 03 00 85 00 64 90 4A 07 00 04 00 85 
8 0A 83 81 F2 A9 00 06 00 85 F0 18 41 06 00 81 19 
9 00 82 19 43 0B 01 19 14 50 01 92 85 02 75 00 09 
A 79 01 00 00 02 00 85 F0 21 41 12 00 0A 01 00 0B 
B 01 00 2B 01 00 09 01 00 10 01 00 17 01 43 0B 01 
C 17 97 50 01 92 81 02          

 
Figure 5.2 Filtered TS-packet. 

 

5.1.2 Adaption field present 

 
If the adaption_field_control values are ‘11’, then the TS-packet contains an adaption 
field [11]. The adaption field is not of interest in this implementation and is ignored. 
Therefore the adaption_field_length must be obtained to know how many adaption field 
bytes shall be disregarded before encounting the pointer_field. The steps that follow are 
exactly the same as mentioned above. 
 
The conditions that have to be met from start to end are: 

1. Sync_byte = 0x47 

2. Payload_unit_start_indicator = 0x1 

3. PID = 0x0010 

4. Adaption_field_control = 0x3 

5. Adaption_field_length = the number of bytes before pointer_field starts. 

6. Pointer_field = the number of bytes before the first section starts. 

7. Table_id = 0x40 

8. Section_number = 0x00 
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If all the conditions are met then the TS-packet is stored. A TS-packet with table_id 0x40 
indicates a network_information_section, the actual network in the NIT. Within this 
packet other descriptors than the network_name_descriptor may be presented. The work 
to explicitly sort out the network_name_descriptor with the tag_value 0x40 is beyond this 
thesis project. Instead it will be done in the ARM7 processor in the target device. 
 
The network name can, in this case, be retrieved by decoding the character bytes in the 
network_name_decriptor using ASCII codes, see figure 5.3. 
 

42 65 74 61 44 69 67 69 74 61 6C 
B e t A D i g i t A l 

 
Figure 5.3 The filtered network name. 

 

5.2 VHDL design 

 
The hardware development environment that was employed was the Spartan-3E Starter 
Kit Board from Xilinx. The transport stream passes through the Starter Kit Board’s 
expansion connector port and flows directly to the FPGA. The transport stream that 
comes into the FPGA has four additional signals that control the data flow [29]. 
 
MOCLK: MPEG clock output at the data byte rate which is 5 MHz or 200 ns per period. 
 
MOSTRT: MPEG output start signal. The signal goes high to mark the first byte of a 
packet and is low for the rest of the time. 
 
MOVAL: MPEG data output valid. The signal stays high during the MOCLK cycles 
when valid data bytes are being output. 
 
BKERRB: Active low uncorrectable block indicator or no-signal indicator. 
 
In the FPGA there are three components instantiated, see figure 5.4. Each component has 
its own functions and they are connected to each other to retrieve and store the target TS-
packet. 
 
Component PID: The TS is directed to this component after passing the connector port. 
This component works like a filter. It uses the control signals MOVAL, MOSTRT and 
BKERRB to check if the TS is error free and valid. Then it start to filter out the NIT 
using the steps described in the Finding the NIT section above. 
 
It stores the four bytes from the TS-packet header in a register for easy access when 
filtering.  
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The first criteria that has to be fulfilled is to check if the TS packet has the right PID 
value and the payload_unit_start_indicator is set to one. Then it uses two “if” statements 
to determine whether the TS-packet has payload only or includes the adaption field. 
 
In each case, there are equivalent “if” statements implemented to filter the TS packet. 
 
When the desired NIT with table_id 0x40 is found then the PID component starts to 
initiates the RAM address counter and set the write RAM enable signal to ‘1’. The 
address value is incremented by one, starting from 0x00, for each data byte that has to be 
stored. 
 
Component vippa_MDO_w_addr: Works like a flip flop. It waits for the signals to be 
stable before driving it out to the next instance when the clock flank goes from low to 
high. 
 
The signals are TS data bytes, the RAM address and the write enable signal to the RAM 
component 
 
Component RAM: In the FPGA a RAM component has been created to store the data 
bytes immediately after the NIT has been identified. Since only a single TS packet with 
the size of 188 bytes has to be stored, no external memories like Flash are needed. The 
RAM component needed for storage was chosen to have the size of 256 bytes. 

 
 

Figure 5.4 Block schematic of the 3 components. 
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31 

The figure 5.4 illustrates the relation between the three components after synthesizing in 
the ISE WebPACK application. 
 
This version will only filter the NIT and store it in the RAM component. The data stored 
in the RAM component has to be transferred to the ARM7 processor via I²C 
communication. 
 

5.3 Intern communication 

 
In intern communication the information exchange is the core of telecommunications, 
computer science and a lot of other technologies available today. 
 
Data communication in an integrated circuit runs through a system called a computer bus. 
It is a necessary subsystem in the architecture of a computer since it transfers all internal 
and external information while also serving as power supply between components inside 
the processor and/or between them. There are about a dozen different communication 
interfaces integrated in microcontrollers today. While being manufactured to execute the 
same purpose they are bound to handle almost any communication task. 
 
First a distinction must be made between a serial and a parallel link. Computers in 
communication can either transmit several streams of data along multiple channels 
(wires, optical fibers, etc.), as is done in a parallel link, or send as a single stream of data 
in a serial fashion.  
 

5.3.1 SPI 

 
As a partial task in the project a comparison between existing bus solutions was involved. 
After looking at the design requirements it has been noticed that both the Serial 
Peripheral Interface Bus (SPI) and the Inter-Integrated Circuit (I²C) fit the application in 
question. The study was focused on characteristics such as speed, flexibility and utility of 
the bus.  
 
SPI was developed by Motorola, consisting of four logical signals. 
 

• SCLK  
• MOSI  
• MISO 
• SS 

 
The first signal represents a simple clock which acts as a control line and regulates the 
flow of data bits. As demonstrated in figure 5.5 this is provided by the master device. The 
second signal represents the Master Out Slave In line and is thereby given the acronym 
MOSI. MISO stands for Master In Slave Out.  During transmission only one slave is 
allowed to send data during a specific moment of transfer. The last signal is Slave Select 
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and this basically means that when it is “active low”, the output is given by the master via 
the control line. This enables switching of slaves from on to off by the use of a control 
device. 
 
 
 
 
 

 

 

 

 
Figure 5.5 Overview model of an SPI bus-system. 

 
As the communication is established and running, the master unit pulls down the select 
line to low on any desired chip. In case some waiting time is needed the master will be 
obliged to wait until the entire time period runs out before trying out again. As previously 
mentioned in the report, the clock frequency is generated by the master and it is lower or 
as high as the maximal frequency supported by the slave. This is something that must be 
re-configured for every transmission. The full duplex transmission occurs during one 
clock generator. 
 
Besides controlling up the clock frequency the master can alternatively set the clock 
polarity and phase according to the data which is being sent. 
 
The use of the MOSI and MISO lines are very simple. MOSI is used by the master when 
it needs to send data to the slave and the slave uses it to read data communicated by the 
master. MISO has the opposite task, where the slave sends data over to the master for him 
to read. 

Figure 5.6 The SPI protocol 
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The most important advantage of SPI is its full duplex characteristic. This property is 
very useful in the design process and specifically when dealing with a higher throughput, 
which is normally higher than for I²C. There is also no need for an addressing device 
since SPI mainly consists of an 8-bit serial shift register. For master devices a 
programmable shift clock is used. This way the protocol, figure 5.6, remains simple and 
beneficial in a system where a microcontroller acts as master unit communicating 
information to the display driver which will read it and perform as the slave.  
 
The simplicity is the SPI protocols asset but also the disadvantage. The system does not 
include any process that handles the data rate management between two nodes. There is 
no possibility for the master to be reassured that a communication was ever established 
due acknowledgement from slave is none existent. This basically means that the master 
has no response from the slave assuring the communication was performed successfully. 
Another set of deficiencies are present in this protocol.  
 
Worth mentioning is that it is not a multi-master bus and the property of no addressing 
requires chip select (CS) functionality. In case of use of the half duplex bus this type 
would demand one pin less. 
 

5.3.2 I²C 

 
Philips developed in early 1980s a multi master serial computer bus called I²C. The name 
stands for inter-integrated circuit and its functionality is based on a multi-master protocol 
implying that this system is more complex than SPI which only works with one master. It 
is mainly implemented in communications between low-speed peripherals and cellular 
phones, motherboards and embedded systems. 
 
There are two bidirectional open-drain lines. The signals consists of serial data (SDA) 
and serial clock (SCL) which are pulled up with resistors. Most voltages lie around +5 V 
or +3.3 V although solutions with higher or lower voltages are permitted. The protocol 
has a reference design containing a 7-bit address space with 16 reserved addresses and 
typical bus modes are the 100kbit/s Standard mode and the 10kbit/s Low-Speed mode. 
Clock frequencies are permitted to go down to zero. Today there are versions of higher 
modes such as the Fast mode, 400kbit/s and the High-Speed mode, 3.4 Mbit/s supporting 
extra features like 10-bit addressing. The only limitations are the maximal bus 
capacitance which is about 400 pF and the address place. 
 
The reference design is a bus with clock (SCL) and data lines (SDA) with 7-bit 
addressing consisting of two sorts of nodes named masters and slaves. Overall the system 
can obtain four different modes on a bus: master transmitter, master receiver, slave 
transmitter, slave receiver. The master node is in charge of the control over the clock line.  
 
Multi master buses involve a presence of more than one master which also enables the 
slaves to be masters and inversely the masters to act as slaves. When a master is in 
transmission it starts by sending a start bit accompanied by the 7-bit address of the slave. 
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This is ultimately followed by a bit stating whether master aimed to write or read from 
the slave. The address and data bytes are transmitted with the most significant bit first. To 
know if the transmission was successful the master must wait to receive an acknowledge 
bit (ACK). If the master found the slave on the bus and communicated with it, the latter 
will send back an ACK to the master as a response.  
 

 
Figure 5.7 The I²C protocol with start condition, slave addressing, 

 data transfer and stop condition. 

 
Indication of the start is done, as mentioned above, by sending a start bit, see figure 5.7. 
This is done by switching the SDA line from high to low while SCL stays in a high 
mode. If the inverse happens for SDA, it would imply a change of mode from low to high 
obtaining the stop bit. When the master wants to write to a slave it repeatedly transmits a 
byte and the slave responses with an ACK bit for each byte received. This time it is the 
master who sends an ACK bit after each received byte. In case of a new transfer the 
master must regain control of the bus and send a new start bit. At last the transmission is 
ended with a stop bit.  
 

5.4 Communication difficulties 

 
After succeeding storing of the TS-packet in the RAM component, time came for transfer 
of the data bytes to ARM7 processor in the target device. The desired communication bus 
was chosen to be I²C due to compatibility reasons. 
 
During the design and tool study, a professionally written I²C VHDL design was found in 
the Xilinx homepage. It was only natural to try to make a use of it.  
 
It can both act as a master or slave. In the actual case, it is only needed as a slave. Those 
who wish to get better knowledge of the application, please refer to the Xilinx website 
where more documentation exists [30]. 
 

R/W ACK ACK … … A7 A1 D7 D0 SDA 

… … SCL 

Start bit Stop bit 



 
 

35 

 
 

Figure 5.8 Block schematic of the FPGA design with the µc and I²C. 

 

The application needs a microcontroller, µc. It is intended to act as an interface to the rest 
of the FPGA components described earlier. The µc waits for the control signals from the 
I²C application and then requesting data from the RAM component. The data is then 
passed to the SDA wire through the I²C application. The simulation of the whole process, 
from the first byte coming in to the RAM component to the last byte leaving it through 
the I²C was successful. 
 
However, when the VHDL design was tested on the µc together with the hardware, the 
final results were disappointing. 
 
The I²C emulator, who acts as the master, gets the acknowledge signal from the slave 
after addressing it. The following should happen: the slave should keep sending data and 
receive an ACK from the master for every byte sent until the last byte is transferred. Then 
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it should stop sending data. Unfortunately this is not the case. The master receives mostly 
0xFF and sometimes 0x00 mixed with other values. From time to time the master do not 
receive any acknowledge signal at all from the slave after addressing it. 
 
Hours have been spent to find out the reasons that cause such an erroneous behavior of 
the I²C communication. 
 
An effort has been made to locate the error by disconnecting the µc from the RAM 
component and then try to only sending a constant, 0xAB, to the master. The result is 
almost the same as described previously. The master receives the acknowledge signal but 
not the constant 0xAB. 
 
Another effort to make the I²C bus to function properly was to rebuild the µc VHDL 
application with a new approach in the finite state machine (FSM). The outcome was 
disappointing like before.  
 
Due to the fact that the project approached the end and the main task was achieved, the 
I²C communication was abandoned. 
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6 Conclusion and outlook 

6.1 Result 

 
The choice of the Starter Kit Board from Xilinx, which includes the FPGA device 
XC3S500E with the package FG320, was very useful. The FPGA could accomplish the 
tasks of retrieving and storing the TS packet. However, the target device will most likely 
to have the device XC3S100E instead. This device has much fewer system gates and 
logic cells compared to the one in the Starter Kit Board. Nevertheless, the result implies 
that with the capability of the XC3S500E, it is over dimensioned for this kind of task. 
The XC3S100E device with its 100 000 system gates, 2 160 logic cells and 72 000 block 
RAM bits [34, module 1] will be sufficient. Another reason is it is cheaper compared to 
XC3S500E. 
 

6.2 TS-packet filtering 

 
As described previously, the NIT table is standardized by the ETSI [12] and to retrieve 
the whole table requires TS-packet filtering. To build up the NIT requires a huge number 
of TS-packet. However within this project, only a fraction of the whole NIT was needed. 
A single TS-packet was filtered out and stored if it contained the 
network_name_descriptor. 
 
Since a TS-packet is 188 bytes large, then a RAM component with 256 bytes is 
instantiated in the FPGA to store the whole packet. However, this is not the desired 
solution. The filtered TS-packet contains, apart from the network_name_descriptor, also 
other descriptor that are not of interest in this project. A better approach is to only store 
the character bytes in the network_name_descriptor.  
 
To achieve that requires further filtering of the TS-packet. The solution in this project 
stops filtering at the point when the right table_id and the section_number are found. The 
VHDL code in the PID component never goes into the for loops that describes the 
different descriptor. But if it does and start storing the data bytes when the tag_value 
0x40, which identifies the network_name_descriptor, is found the storing capacity could 
be a fraction of the presented solution. The reason is that the number of character that 
specifies the name of the delivery system is seldom more than 16 bytes in the western 
world. 
 
 

6.3 I²C to SPI 

 
The use of the I²C has not been satisfactory since the implementation of the µc is not 
working with the hardware. The errors has not been identified, hence there are space to 
make improvements. 
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Instead of continuing with the I²C to make it work, there is an alternative. The SPI choice 
may be suites better and easier to implement. The decision has to be made in the future 
together with the project leader in the company 
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Appendix  
 

Abbreviations 

 
ACK  Acknowledge 
ATM  Asynchronous Transfer Mode 
CA  Conditional Access 
CAT  Conditional Access Table 
COFDM Coded Orthogonal Frequency Division Multiplex 
CR  Clock Redundancy 
CRC  Cyclic Redundancy Check 
DTS  Decoding Time Stamp 
DTV  Digital Television 
DVB  Digital Video Broadcasting 
IEC  International Electro-technical Commission  
ISO  International Organization for Standardization 
MPEG  Moving Pictures Expert Group 
NIT  Network Information Table 
OFDM  Orthogonal Frequency Division Multiplex 
QAM  Quadrature Amplitude Mode 
PAT  Program Association Table 
PCR  Program Clock Reference 
PES  Packetized Elementary Stream 
PID  Packet Identifier 
PMT  Program Specific Table 
PSI  Program Map Table 
SCL  Serial Clock 
SDA  Serial Data 
SR  Symbol Rate 
STB  Set Top Box 
TS  Transport Stream 
µc  Microcontroller 
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