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Abstract

Nowadays, there are several different standardssfiecify what performance should expect
from a DVB (Digital Video Broadcasting) receiveryct as NorDig Unified, DTG D-Book
and EICTA MBRAI. These standards are complicated #rousands of measurements are
involved, so it would be very handy to repeat treasurements with an automatic tool. In this
thesis work, only NorDig Unified 2.1 is concerned.

Since the test cases in NorDig Unified requireménmtsntegrated receiver decoders are quite
similar and repeatable, the work efficiency to yudlvaluate the DVB performance could be

improved by an automatic application. It would Emse the test quality and decrease the
manual labor a lot for each product.

Implementation of the tool is the most important & this project. The application runs on a
computer with a user friendly graphical interfais. main task is to control the calibrated
signal generator (Rohde & Schwarz SFU) and testsettetop boxes (STB) in Motorola
product range. Besides, a database has been diksmrstore all these testing results, and
analysis on the data has been presented as well.

In this project, the automatic DVB performance nueasient tool is developed in Microsoft
Visual C++ 6.0 with an ODBC (Open Database Conmiyg}i driver connecting to the
database, and data presentation is done in Midr&sakl 2003 using VBA (Visual Basic for
Application).
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1. Introduction

1.1. Background

A set-top box (STB) is a simple computer speciaia¢ decoding video data streams and
displaying the content on a TV set. A particulandkiof set-top box is called IP-STB; it can

connect to a high speed IP-based network to red@Wwstreams instead of ordinary methods
like terrestrial, cable and satellite broadcastiBg. a two-way connection, operators can
provide a wide range of services for users, suchdamnced electronic program guide and
video on demand, which encourages a high levesef unteraction.

1.2. Problem description

In Europe, the DVB-C standard is used for cablebrdadcast, while the DVB-T standard is
used for terrestrial TV broadcast. Motorola devslegt-top boxes for IP-based infrastructures,
but some products support terrestrial and cableififkastructures as well. The frontends
(tuners) of DVB-C and DVB-T are complex RF-elecicsnwhich are very sensitive to noise.
Besides, the software that controls these partd bricarefully tuned in order to get good
performance. There are several different standtrds specify what performance should
expect from a DVB receiver, such as NorDig, DTG beB and EICTA MBRAI. These
standards are complicated and involve thousandsezsurements. It would become very
handy to repeat these tests with an automatic D&tBopnance measurement tool.

1.3. Purpose

The purpose in this project is to improve the wefkiciency to fully evaluate the DVB
performance according to the NorDig Unified 2.Indgi@d. Since the test cases in NorDig are
quite similar and repeatable, an automatic DVB grenbince measurement tool should
increase the test quality and decrease the developiimefor each product.

1.4. Method

This work consists of literature study, implemeistatand result analysis.

The literature study focuses on NorDig Unified regnents for integrated receiver decoders
and operating manual for Rohde & Schwarz SFU brastdiest system. NorDig Unified 2.1

specifies a set of equipment requirements for temepf DVB-based and related services
from cable, satellite and terrestrial broadcasivoets; in addition it includes requirements for
reception via IP-based networks. The operating rlanti SFU describes how to use this
signal generator both locally and by remote cortomhmands.

Implementation of DVB performance measurement teahe most important part in this
project, this application should run on a compwgh a friendly graphical user interface. Its
main task is to control the signal generator arstl tfee products in Motorola product range.
Besides, a database should be designed to stdestatlg results.

Results analysis mainly concentrates on preserdet@ in a suitable way and drawing
conclusions from data performance.



1.5. Structure

Chapter 1, “Introduction”, gives a brief introdwatiand puts up the objectives of this thesis.
Chapter 2, “Theoretical knowledge”, explains thehteécal knowledge needed for this project.
Chapter 3, “Motorola set-top boxes”, describesedéht products in the test.

Chapter 4, “R&S SFU broadcast test system”, focumessetting different arguments for
DVB-T and DVB-C environments.

Chapter 5, “Implementation”, is the most importgedart in this report, including the
measurement tool, database design and the remdrtltt@lso offers solutions in details for
each academic problem occurred during this period.

Chapter 6, “Results”, gives four different wayptesent data.

Chapter 7, “Conclusion and further developmenthtams guidelines on how to expand this
measurement tool in the future.

Chapter 8, “References”, holds a list of the docutmeeferenced to from the thesis.

1.6. Reading instructions

To get a brief overview of what this thesis repgerabout and what has been accomplished
read:

Chapter 1, “Introduction”.

Chapter 6, “Results”.

If there is an interest for technical details & firoject, read:
Chapter 4, “R&S SFU broadcast test system”.
Chapter 5, “Implementation”.

1.7. Glossary

BER
Bit Error Rate, it is the number of received bhstthave been altered due to noise,
interference and distortion, divided by the totahtber of transferred bits during a

time interval.
DVB
Digital Video Broadcasting is a suite of internatdly accepted open standards for
digital televisions.
DVB-C
DVB Cable broadcast, it uses a fixed coaxial cablenection.
DVB-T
DVB Terrestrial broadcast, it is a traditional nudhof television broadcast signal
delivery by radio waves.
DVB-S
DVB Satellite broadcast, it uses orbiting satedlit
GUI

Graphical User Interface, it is a type of user riistee item that allows people to
interact with programs in more ways than typing.
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Internet Protocol, it is the computer networkingtprcol used on the Internet.

IPTV
Internet Protocol Television, services are delidengsing the architecture and
networking methods of the Internet Protocol Suiteroa packet-switched network

infrastructure.

IRD
Integrated Receiver Decoder, it is an electroniciceto pick-up a radio-frequency
signal and convert digital information which isrsanitted in it, which is the same as
STB.

MPEG
Motion Picture Experts Group, it is the name ofddlection of standards used for
coding audio and visual information (like moviegjao and music) in a compressed
format. There are different revisions of the stadd&he revisions are denoted by
appending -1,-2, -3, or -4 to MPEG.

ODBC
Open Database Connectivity, it provides a standaftivare API for using database
management systems (DBMS).

QEF
Quasi Error Free equals to a BER of 2.0e-4 defineMorDig Unified, which is a
limit for users to get good TV performance.

STB
Set-Top Box, a multimedia device connected to #4138/ set that delivers analog or
digital TV transmissions, music, games and otheltimadia services to the user.

SFU
It is a broadcast test system, which can gene@tBdB signal of any kind with
option to adjust frequency, power level, noisejrfgcetc.

ucB

Un-Corrected Block. When the incoming BER is toghhierror correction algorithms
are not able to correct, and result in data lodss Ts typically seen as video
macroblocking defects.



2. Theoretical knowledge

2.1. TCP/IP model

2.1.1. Overview

The TCP/IP model, describes a set of guidelinesimpiementations of specific networking
protocols to make computers communicate over a or&twl CP/IP provides end-to-end
connectivity, it specifies how data should be fotted, addressed, transmitted and received.

2.1.2. Architecture

The TCP/IP model consists of four layers. From Ilsiwe highest, these are the link layer, the
Internet layer, the transport layer and the appbodayer [8] as shown in figure 1.

TCETE .
Tledel TCRTE Protocol Suite

Application Telnet FTF ST DS EIF SMNEP
Lavyer

Transport TCFE TTDF IGMEP ICHWE
Lavyer

Internet IF IFEEC
Lavyer

Link Ethernet Token Eing Frame Eelay ATM
Lavyer

Figure 1. The TCP/IP architecture and the other protocothénTCP/IP suite [1]

Application layer consists of application prograarsd user interfaces. In practice it sends
unbroken data stream to the transport layer. gpstts a number of protocols suchSMTP,
FTP and Telnet.

Transport layer provides data integrity and a highdliable communication service. This
layer accepts information to be transmitted ageast, and it also returns information to the
recipient as a stream. The main protocols thatuaesl in this layer include TCP, UDP and
RTP.



Internet layer is responsible for routing messdbgesugh internet. Here, data is packaged into
IP datagram, which contain the address of sourdedastination and checksum value. If the
receiver detects a transmission error by usingchiezksum value of the datagram, it simply
ignores the datagram without notifying the highegrer entity. The main protocols used in

this layer are IP, ICMP, ARP as well as RARP.

Link layer specifies how to send data through tleewvork physically. Unlike higher level
protocols, this layer must understand the detdilh® underlying physical network, such as
the packet structure, maximum frame size and thysipal address scheme. This makes the
data transmitted across the network correctly. @glpgxamples of protocols used throughout
this layer are the "Token Ring", "Ethernet" and HDD

2.1.3. TCP/IP socket

The IP layer sends information in small chunks atbdcalled packets. These packets have the
receiver’s IP address in the header. The infragtracf the network such as routers, switches
forwards the packet to the receiver one step furlhethe IP layer, there is no guarantee that

the packet has been transmitted successfully arder, so it needs other mechanism to

control the transmission — TCP layer.

The TCP layer makes all packets arrive at the vecen the same order as they were sent.
There is a unique id for each packet, and this lesateconstruction at the receiver’s side.
Each received message is confirmed with an ackmpmient (ACK). If a packet is lost,
either the original packet or its ACK, the sendél motice it with a timeout and invoke the IP
layer to resend the packet.

Once a TCP/IP socket is created, it is associaiddavport. This port is used together with
the IP address to start the connection [8].

2.2. DVB-T

DVB-T is an abbreviation for Digital Video Broadtiag-Terrestrial, which is the DVB
European consortium standard for the broadcassriresion of digital terrestrial television. It
transmits compressed digital audio, video and otfaa in an MPEG transport stream by
COFDM modulation.

Tablel. Parameter values for DVB-T environment

Arguments Value
Carrier 2K, 8K
Modulation QPSK, 16 QAM, 64 QAM
Channel bandwidth 6 MHz, 7 MHz, 8 MHz
Guard interval 1/4,1/8, 1/16, 1/32
Code rate 1/2, 2/3, 3/4, 5/6, 7/8




2.3. DVB-C

DVB-C stands for Digital Video Broadcasting-Cabledas the DVB European consortium
standard for the broadcast transmission of diggalvision over cable. It transmits an MPEG-
2 or MPEG-4 family digital audio/video stream b®AM modulation with channel coding.

Table2. Parameter values for DVB-C environment

Arguments Value
Symbol rate 0.1 MS/s to 8 MS/s
. 16 QAM, 32 QAM, 64 QAM,
Modulation 128 OAM. 256 QAM
2.4. DVB-S

DVB-S stands for Digital Video Broadcasting—Satellilt is suitable to use on different
satellite transponder bandwidths, and is compatibith MPEG-2 coded TV services.
Flexibility defined within the specification enabléhe transmission capacity to be used for a
variety of TV service configurations.

2.5. IPTV

Internet Protocol television (IPTV) is a systemg¢ anternet television services are delivered
by the architecture and networking methods of thierhet Protocol Suite over a packet-
switched network infrastructure.

IPTV services may be classified into three mainugso live television, time-shifted
programming and video on demand (VOD). Time-shifpedgramming makes users record
the TV programs and do other operations as fasvaia, rewind, pause, etc. Video on
demand allows users to select and watch/listemnd&oyaudio content as they like.



3. IP based set-top boxes

3.1. Overview

An I[P based set-top box is a specialized computéictw can decode audio/video
transmissions sent via an IP based network andigeanteraction to users. Each STB is
connected to a high speed network, and servetsismetwork provide the STB information.
To decrease the demands on the network’s bandwidihicast can be used to broadcast TV
channels. By doing this, each TV channel needtsemt out only once no matter how many
users are watching the channel and each channéishasn multicast address that the STBs
can listen.

A typical STB contains a CPU, a RAM, a flash memang an MPEG decoder. The MPEG
decoder is used to decompress digital TV transomssisince the decompression is a
complicated procedure, it is much better to haharaware dedicated to decode rather than a
fast CPU, then the main CPU only deals with GUtwaeking and other simpler tasks, where
a low cost one can be used.

3.2. Architecture

The STBs used in this project run on a GNU/Linweraping system, which is open source
and offers a familiar programming environment. Than layers of the STB architecture are
shown in the figure 2.

Portal/GTUL
. Javaserpt
" Interface
TV OD Lpplication . HTMLEVG
Browser
L
" Interface
Information Idedia Player Application
SEIVICE SEIVICE SErVICE
. Hardware
T Abstraction
Hardware Ahstraction Layer Interface
Linux Operating System
5TB Hardware

Figure 2. The architecture of the STB



3.3. Bootimage

A boot image is a file that contains all softwaaid is loaded into the STB when it boots up.
The boot image is distributed to all STBs by a makt server. This allows a scalable system
where it takes as long to send information to omB &s to two or even 1000 STBs. A boot

image can be stored in the STB or downloaded wherSTB powers on. In this project, the

boot image is downloaded every time when the ST&ap, this makes it much easier to
change a boot image.

3.4. Motorola products

There are many different types of STBs in Motonqmladuct range. The STBs to be tested in
this project are VIP1903T, VIP1963T, VIP1903C antP1863C. All these STBs include
Ethernet interface and DVB-T or DVB-C frontendsblea3 shows the different arguments
for the different STBs. Figure 3 is a picture oPIB63T.

Table3. Parameters for Motorola products

Product Product type Tuner type Hard disk
VIP1903T DVB-T Single Tuner No
VIP1963T DVB-T Dual Tuner Yes
VIP1903C DVB-C Single Tuner No
VIP1963C DVB-C Dual Tuner Yes

Figure 3. Motorola VIP1963T STB [2]



4. R&S® SFU broadcast test system

4.1. Overview

The R&S’ SFU is a test system which offers solutions foraldaast and mobile TV standards.
It has been designed as a platform for variousiegdmns, and is open for future options. It
provides easy remote access by general purposéaceebus (GPIB) and local area network
(LAN). Figure 4 is a picture in its front view.
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Figure 4. The front view of the SFU [3]

4.2. DVB-T environment settings

When testing a DVB-T set-top box, the standard kEhbe set DVB-T/H. According to the
different test cases, select the right option ifedent fields, frequency, power level, power
offset, FFT mode, channel bandwidth, constellatgumard interval, code rate, noise, fading
and etc.

Frequencies are divided into very high frequenciEY and ultra high frequency (UHF).
VHF starts from 30 MHz to 300 MHz, while UHF hagsange from 300 MHz to 3 GHz.
When testing VHF cases, choose channel bandwitthiZ and select 8 MHz for UHF cases.

FFT mode is short for fast fourier transform modghich can be 2K or 8K.

Constellation, it can be set to QPSK, 16 QAM oiBYM.

Phase-shift keying (PSK) is a digital modulatiohesoe that conveys data by changing the
phase of a reference signal. QPSK, Quadrature F3fafieKeying, uses four points on the

constellation diagram equispaced around a cirdeH8ach adjacent symbol only differs by
one bit just as the figure 5 shows.



o | e

Figure 5. Constellation for QPSK [5]

QAM, Quadrature Amplitude Modulation, it is both @malog and a digital modulation
scheme. It conveys two analog message signalsyadigital bit streams, by changing the
amplitudes of two carrier waves, using the ampétgdift keying (ASK) digital modulation
scheme or amplitude modulation (AM) analog modalascheme [9]. Figure 6 is an example
for 16 QAM.

|
Qa0 1) Q] 1100 1000
ool 010l 1101 1001
O O |0
|

O L

L
o1l 0111 1111 1011
oln oL10 1110 1010

Figure 6. Constellation for 16 QAM [6]

Guard interval is used to ensure that distinctamaissions do not interfere with one another,
and it can be set to 1/4, 1/8, 1/16, 1/32. Longerd period allows more distant echoes to be
tolerated, but it reduces the channel efficien@y. €&xample, 1/32 gives lowest protection but
the highest data rate. 1/4 results in the beseption but the lowest data rate.

Code rate, it is typically a fractional numberthHe code rate ik/n, for everyk bits of useful
information, the coder generates totalybits of data, of whicn-k are redundant. For
example, The code rate may typically be 1/2, 2/3, 8/6, 7/8, corresponding to that one
redundant bit is inserted after every single, sd¢ctnrd, fifth, seventh bit.

Noise, when it is on, the C/N value should be sewall.
C/N, Carrier to Noise ratio, is defined as theaaif the received modulated carrier signal

powerC to the received noise powdrafter the receive filters.

CNRZE
N
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CIN ratio is often specified in decibels (dB):
C
CNR =10log,, (N) = Cegm ~ Nggm

Fading, the R&S SFU allows the user to superimgadeng on the baseband signal at the
output of various baseband blocks in real-timethia project, 0 dB echo channel is the only
case to simulate, details about this setting isrigesd in 4.4.2.

4.3. DVB-C environment settings

In DVB-C environment, the standard should be sé&¥W®-C. According to the different test
cases, select the right option in different fielteguency, power level, power offset, noise,
constellation, symbol rate and etc.

Constellation, it can be set to 16 QAM, 32 QAM,BAM, 128 QAM or 256 QAM.

Symbol rate, is the number of symbol changes madkeet transmission medium per second.
It is measured in baud (Bd) or symbols/secondatit loe set in the range 0.1 MS/s to 8 MS/s
with a resolution of 1 Hz.

4.4. Remote control commands

The SFU can be controlled by remote commands, lencbst frequently used commands are
listed here.

4.4.1. Basic commands

Frequency: FREQ 474000000
Power level: POW -30

Power level offset: POW:OFFS -2
Standard: DM:TRAN DVBT|DVBC
Noise: NOIS OFF|ADD|ONLY
C/N: NOIS:CN 20

4.4.2. DVB-T commands

Channel bandwidth: DVBT:CHAN:BAND BW_7 |IBW_8

Constellation: DVBT:CONS T4|T16|T64

FFT mode: DVBT:FFT:MODE M2K|M8K

Guard interval: DVBT:GUAR:INT G1_4|G1_8|G1_16|G2_3

Code rate: DVBT:RATE R1_2|R2_3|R3_4|R5 6|R7_8

Fading state: FSIM ON|OFF

Fading path state: FSIM:DEL:GRO1:PATH1:STAT ON|OFF

Fading path profile: FSIM:DEL:GRO1:PATH1:PROF SHRDOP|RAYL|RICE
Basic delay: FSIM:DEL:GRO2:BDEL 1.95e-6

Additional delay: FSIM:DEL:GRO1:PATH1:ADEL O

Speed for moving receiver: FSIM:DEL:GRO1:PATH1:SPE

11



0 dB echo channel setting: FSIM:DEL:GRO1:PATH1:STAN
FSIM:DEL:GRO1:PATH1:PROF SPAT
FSIM:DEL:GRO1:PATH1:SPE O
FSIM:DEL:GRO1:PATH1:ADEL O
FSIM:DEL:GRO2:PATH1:STAT ON
FSIM:DEL:GRO2:PATH1:PROF SPAT
FSIM:DEL:GRO2:PATH1:SPE O
FSIM:DEL:GRO2:PATH1:ADEL O
FSIM:DEL:GROZ2:BDEL 1.95e-6

4.4.3. DVB-C commands

Constellation: DVBC:CONS C16|C32|C64|C128|C256
Symbol rate: DVBC:SYMB 6.9e6

12



5. Implementation

This project includes five modules, as figure 7vwfioThe central part is the windows PC
application called DVB measurement tool, which sedito connect the SFU and the STB by
socket communication. The main procedure of tessirigce this; the DVB measurement tool
loads the test session in the beginning, thenaggtsments in the signal generator (SFU) by
remote control commands. After the environmentbeen simulated, the tool makes the STB
tune to a certain frequency and records the stdhta from the STB, which focuses on
uncorrected block (UCB) and bit rate error (BER)uridg the recording period, the
application displays debug information in real tianed saves the results both in the log file
(*.txt file) and the database. When data collectisndone, the report tool gives out the
performance of each test case by analyzing thdtsdauhe database.

Ethernet SETT
Report Tool *| Signal Generator
2Rk Windows PC Application
a EF
DVE Measurement Tool Cable
F Y
¥ 20L ¥
Database = Motorola STR
* DVB-C or DVB-T
Ethernet

Figure 7. Modules for DVB measurement tool

From the programming point of view, there are fil@sses, which are called SFU, STB,
Database, CDVBTOOLDIg and CWorkerThread. The fumiof each class are detailed
described in the next few pages.

5.1. Connection between PC and SFU

The SFU class handles each operation related vmgh SFU, including initializing the
connection between the computer and the SFU, gettignal generator to a correct
environment and getting the status of differedtlBen the SFU.

Building a connection between the PC and the SHesren socket communication. A static
IP address is assigned for the SFU, and 5025 isdhitenumber for remote control as the SFU
manual has defined. After executing a connect fancprovided by the C++ library, the
computer and the SFU have built the connection.

The format of the connect function is like this.
int connect (SOCKETE, const struct sockaddname, int namelen); [13]

13



Sending and receiving strings are done by functmosided by the C++ library as well. The
formats of the two functions are as below.

int send (SOCKET, const charbuf, intlen, int flags); [13]

int recv (SOCKETSs, char *uf, intlen, intflags); [13]

Setting the SFU arguments and getting status oS#ig are simply done by sending remote
commands which are specified in Chapter 4.4. wétaits. For example, setting the power
offset -5.7dBm is by sending the string “POW:OFBS* to the SFU, and getting the status
of the power offset is by sending the string “POWEKS3?", replacing * -5.7" with *?".

The main methods of the SFU class are listed imgpendix.

5.2. Connection between PC and STB

The STB class deals with every operation with th&,Sncludes initializing the connection
between the computer and the STB, tuning the STBgetting stable quality of the STB.

Making a connection between the PC and the STB ralses on socket communication. A
static IP address is assigned for STB, and therportber 23 is used for remote control.

There are two tuning modes for STB, DVB-T and DVBTe arguments in DVB-T are

frequency, tuner interface, channel bandwidth. datgaments in DVB-C are frequency, tuner
interface, modulation and symbol rate. Two meth@usSTB class handle two tuning

procedures respectively.

The formats of the two tuning commands are like.thi
run.sh -t [type] -f [frequency] -i [instance] -bgdbdwidth]
run.sh -t [type] -f [frequency] -i [instance] -m pdulation] -s [symbol rate]

After tuning, the STB measures the quality of signeluding UCB, BER and other results.
Since UCB and BER are the most important, thereva#hods to extract them respectively.
Besides, the software in the STB that measuregquhbty outputs the result every second and
it needs some time to become stable, so a peri@@ séconds is chosen when testing.

The methods of the STB class are listed in the ragige

5.3. Graphical User Interface design

Two threads are used for GUI, the main thread dedtls all display operations, while the
worker thread handles all the measurements on TiBe Bhey communicate with each other
through message passing. The main thread makegotiker thread start or stop testing, while
the worker thread does the real test procedurefeedbacks both the results and current
progress to the main thread.

5.3.1. Main thread

The GUI for this project is shown in figure 8, whiis implemented by MFC. It contains three
parts: test control, test information and STB infation.
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In the Test Control part, there is a combo boxusers to select different test sessions, two
buttons to start and stop testing. Once a testosess selected, the Start button is enabled.
When Start is clicked, it turns to grey which megos can not enable the button unless the
test completes or stopped by the user.

In the STB Info part, there are six edit boxesusers to type in the information of different
STBs. The information is saved both in log file atatabase. The Debug window is a read-
only area; it outputs the real time results.

In the Test Info part, there are four read-onlyt édixes. When Start button is clicked, the
status becomes running. When the test is complétedanges to completed. When the Stop
button is clicked, the status turns to stopping:eoiine test is totally stopped, it sets to stopped.
Start/Completion time is the time when the testtsteompletes. Est. Duration is the period
that comes from a lot of old tests, so it seemsir@te somehow. Each test session has several
test cases; the Test Session Progress is the psofgrethe whole test session, while the Test
Case Progress is the progress for each test aase.the two progress bars and Est. duration,
it is obvious to see which step the test is run@ind when it is estimated to finish.

i
—5TB Info — Test Cantrol
Seral Mumber I Test Seszion
b odel I j
Cantral
dato Part Mumber I onie
Firrmware Yerzion I Start | Stop
Software Yerzion I TestInfo
Comments Status I
Start Tirne I
[ebug
d CompletionTime I
Ezt. Duration I

Test Seszion Progress I

Test Caze Progress I
<] e |

Figure 8. The GUI for DVB measurement tool

When this tool begins to run, it loads the initzalil file (*.ini file) to find the configurations
for the different devices. Here is the contentlisin the initialized file.

15



[Configuration]
LOG_DIR=D:\Dan\working\DVBTOOL\LOG\
SESSION_DIR=D:\Dan\working\DVBTOOL\SESSIONS
DEBUG_LEVEL=1

[SFU]

SFU_IP=192.168.1.84

SFU_PORT=5025

SFU_PAD_LOSS=-5.7

[STB]

STB IP=192.168.0.20
[DB]

DB_USE=1

DB_SERVER=server.com
DB_PORT=3306
DB_SOURCE=dvbtool
DB_USER=myuser
DB_PASSWORD=mypass
DB_DRIVER=MySQL ODBC 5.1 Driver

In the Configuration part, it contains the direasrof the logs and the test session files.
DEBUG_LEVEL is the argument which controls the autpontent in the log. When it equals
to 1, both the debug information and the resulésvaritten in the log. When it equals to O,
only the results are saved.

In the SFU part, it contains the IP address, the pomber and the insertion loss of the
matching pad used.

In the STB part, the IP address of the STB isdigdiere. For the Motorola products in this
project, the IP address is always the same.

In the DB part, DB_USE is the argument which detaas whether a database is used or not.
When it equals to 1, it uses the database. The imgmgaarguments are used to open
connection, including the server name, the port mennthe source name, the user id, the
password and the version of the database driver.

5.3.2. Worker thread

The worker thread does the test when the maindhasks it to do, and it handles both DVB-
T and DVB-C tests. First it reads the test sesBier(*.ses file) to find out which cases will
be tested, and then stores the arguments needeshdbr test case. There is an algorithm
designed for every test case. When running thegariims, the results are shown in the
debug window and saved in both the log file anddh&base as well. The worker thread can
be interrupted by the main thread with Stop butiiocked.

5.4. Test cases analysis

There are nine test cases in DVB-T and four cas&MB-C totally. The user can either run
the full test or partial test by modifying the tastssion file (*.ses file). These test cases are
derived from NorDig Unified 2.1 [7], which specifiea set of equipment requirements for
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reception of DVB-based and related services frorhlecasatellite, terrestrial broadcast
networks and IP-based networks.

5.4.1. DVB-T test cases

Test case 1. Center Frequencies

Purpose:

For supported frequency ranges, the frontend &igalible to tune to the center frequency fc
of the incoming DVB-T RF signal.

Description:
Change frequency to different values, and checlstime of UCB during a certain period.

Test parameters:

Power level: -60 dBm
Transmission mode: 8K
Constellation: 64 QAM

Code rate: 2/3

Guard interval: 1/8

Frequency: fc in the formula

7 MHz bandwidth: fc = (107.5 + L * 7) MHz, whereid an integer number from O to 27.
8 MHz bandwidth: fc = (114 +K * 8) MHz, where Kas integer number from 0O to 93.

Test case 2: Frequency Offset

Purpose:

The NorDig IRD should be able to receive signalthvain offset of 50 kHz from the normal
frequency.

Description:
Apply the first and the last frequencies to theeturiest the sum of UCB. Then shift the
frequency from its normal value by +/- 50 KHz, tdst sum of UCB again.

Test parameters:

Power level: -60 dBm

Transmission mode: 8K

Constellation: 64 QAM

Code rate: 2/3

Guard interval: 1/8

Frequency: 177.5 MHz and 226.5 MHz in VHF band

474 MHz and 858MHz in UHF band

Test case 3: Signal Bandwidths

Purpose:

For supported frequency rangers, the NorDig IRDclldould receive 7 MHz signals should
be able to receive 8 MHz signals as well. If 8 MHandwidth is supported, it shall
automatically detect which DVB-T signal bandwidghbieing used and it shall be possible to
receive the 8 MHz signals on the 7 MHz VHF charirexjuencies.

Description:
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For a special VHF band frequency, both 7 MHz badthvand 8 MHz bandwidth are applied
to the demodulator, and the sum of UCB is meastgggectively.

Test parameters:

Power level: -60 dBm

Transmission mode: 8K

Constellation: 64 QAM

Code rate: 2/3

Guard interval: 1/8

Frequency: 198.5 MHz both at 7 MHz and 8 MHadwidth.

Test case 4: Modes

Purpose:

The NorDig IRD should be able to correctly demotkulal non-hierarchical modes with any
combination of constellation (QPSK, 16 QAM, 64 QAMDde rate (1/2, 2/3, 3/4, 5/6, 7/8),
guard interval (1/4, 1/8, 1/16, 1/32) and transmissnode (2K, 8K).

Description:
A mode is a combination of constellation, code,rduaterval and transmission mode. For
each mode, 8 MHz signal is applied to the demodulaind the sum of UCB is measured.

Test parameters:

Frequency: 666 MHz

Power level: -60 dBm

Transmission mode: 2K, 8K

Constellation: QPSK, 16 QAM, 64 QAM
Code rate: 1/2, 2/3, 3/4, 5/6, 7/8
Guard interval: 1/4, 1/8, 1/16, 1/32

Test case 5: C/N Performance on Gaussian Channel

Purpose:

QEF is a constant with a value 2.0e-4, which israt for users to get good TV performance.
When bit error rate (BER) reaches QEF, it reachiemiaof good performance. The NorDig
IRD shall have at least the QEF performance foiGh ratios.

Description:
For each constellation and code rate, the C/N ratineasured to reach QEF. All frequencies
in both VHF and UHF bandwidth with different modiida and different code rate are tested.

Test parameters:

Power level: -50 dBm

Transmission mode: 8K

Guard interval: 1/4

Constellation: QPSK, 16 QAM, 64 QAM

Code rate: 1/2, 2/3, 3/4, 5/6, 7/8

Frequency: 177.5 MHz to 226.5 MHz in VHF band

474 MHz to 858 MHz in UHF band

Test case 6: C/N Performance on 0dB Echo Channel
Purpose:
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It is the same purpose as the test case 5.

Description:
This test is performed in various DVB-T modes witiB echo (delay 1.95 us), and the C/N
ratio is measured to reach QEF.

Test parameters:

Power level: -50 dBm

Transmission mode: 8K

Guard interval: 1/4

Constellation: QPSK, 16 QAM, 64 QAM

Code rate: 1/2, 2/3, 3/4

Frequency: 198.5 MHz in 7 MHz bandwidth

666 MHz in 8 MHz bandwidth

Test case 7: Minimum Input Level on Gaussian Channel

Purpose:

The NorDig IRD shall provide QEF reception for théimum signal levels in the supported
frequency ranges.

Description:
Measure the minimum input level without noise nektdereach QEF.

Test parameters:

Transmission mode: 8K

Guard interval: 1/4

Constellation: QPSK, 16 QAM, 64 QAM

Code rate: 1/2, 2/3, 3/4, 5/6, 7/8

Frequency: 177.5 MHz to 226.5 MHz in VHF band

474 MHz to 858 MHz in UHF band

Test case 8: Minimum Input Level on 0dB Echo Channel
Purpose:
It is the same purpose as the test case 7.

Description:
Measure the minimum input level needed to reach Qicthe 0dB echo profile without noise.
Vary the echo delay from 1.95 us to 212 us.

Test parameters:

Transmission mode: 8K
Guard interval: 1/4
Constellation: QPSK, 16 QAM, 64 QAM
Code rate: 1/2, 213, 3/4, 5/6, 7/8
Delay: 1.95 us, 10 us, 28 us, 56 us, 70 us
90 us, 105 us, 112.1 us, 170 us, 212 us
Frequency: 198.5 MHz in 7 MHz bandwidth

666 MHz in 8 MHz bandwidth
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Test case 9: Maximum Receiver Signal Input Level

Purpose:

The receiver should provide QEF reception for DVBidnals up to a power level -35 dBm.
Description:

For the stated DVB-T modes, verify that the QEF &Bi@B at different power levels.

Test parameters:

Frequency: 666 MHz

Transmission mode: 8K

Guard interval: 1/4, 1/8

Constellation: 64 QAM

Code rate: 2/3, 3/4

Power level: -35 dBm, -20 dBm, -10 dBm

5.4.2. DVB-C test cases

Test case 1. QEF Performance versus Frequency
Purpose:
The NorDig IRD shall have QEF performance at afiral frequencies.

Description:
Determine the minimum C/N for QEF performance blisted frequencies.
Test parameters:

Power level: -40 dBm

Constellation: 16 QAM, 64 QAM, 128 QAM, 256 QAM
Symbol rate: 6.9 Mbaud

Frequency: 106 MHz to 858 MHz

Test case 2: Minimum Input Level with NorDig Noise
Purpose:
The NorDig IRD shall be able to handle DVB-C signal low power levels.

Description:
Apply a signal with NorDig noise; find the minimumput level needed for QEF performance
at all frequencies and in different modes.

Test parameters:

Constellation: 16 QAM, 64 QAM, 128 QAM
Symbol rate: 6.9 Mbaud

Nodig Noise (C/N): 20.5 dB, 26.5 dBm, 29.5 dBm
Frequency: 106 MHz to 858 MHz

Test case 3: QEF Performance versus Symbol Rate

Purpose:

The NorDig IRD shall be able to handle DVB-C signat symbol rates between 3.0 and
7.0Mbaud, meanwhile the QEF performance shall bie me

Description:
Find lowest C/N to meet QEF performance with minimand maximum power level.
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Test parameters:

Frequency: 666 MHz

Power level: -38.8 dBm, -61.8 dBm

Constellation: 16 QAM, 32 QAM, 64 QAM, 128 QANS56 QAM
Symbol rate: 3.0 Mbaud, 3.5 Mbaud, 4.0 Mbaud,Mbaud,

5.0 Mbaud, 5.5 Mbaud, 6.0 Mbaud, 6.9 Mbaud
Test case 4: BER versus C/N
Purpose:
The NorDig IRD shall have a BER performance bdttan 2e-4 for the C/N ratios specified.

Description:
For each one of the constellations and symbol rateg C/N and record BER values.

Test parameters:

Frequency: 666 MHz

Power level: -40 dBm

Constellation: 16 QAM, 32 QAM, 64 QAM, 128 QANS56 QAM
Symbol rate: 3.0 Mbaud, 6.9 Mbaud

5.4.3. Test case example

The test case 7 in DVB-T is used as an exampleartdof the test session file (*.ses file) is
as follows.

TESTCASE7=TRUE
DESC7=Minimum Input Level on Gaussian Channel
TUNER7=SINGLE
CONSTELL7=T4
#CONSTELL7=T16
CONSTELL7=T64
CODERATE7=R1_2
#CODERATE7=R2_3
CODERATE7=R3_4
CODERATE7=R5_6
CODERATE7=R7_8
FREQ7VHF=177500000
#FREQ7VHF=198500000
FREQ7VHF=226500000
#FREQ7UHF=474000000
FREQ7UHF=522000000
#FREQ7UHF=570000000
FREQ7UHF=618000000
FREQ7UHF=666000000
#FREQ7UHF=714000000
FREQ7UHF=762000000
FREQ7UHF=810000000
FREQ7UHF=858000000
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With this file, it is quite convenient to configutiee test. The line is neglected if there is a “#”
character in front of the key word. In this case system will run through all combinations
of listed constellations, code rates and frequencidie example will result in 64 (2*4*8)
combinations of measurements.

5.4.4. Dual tuner problem

Since some of the set top boxes have two tuneestumer will infect the other when both
tuners work on similar frequency. This is calledwal tuner problem. In order to solve this,
make one tuner stay at a frequency that the otiienever use, and then do the test just the
same as the single tuner. For example, there aer tand 2 in the same STB; tuner 1 is
tuned to frequency 462 MHz, which is never usednduthe whole test. Then stop the tuning
procedure, tuner 1 will stay at 462 MHz. After thdd the test on tuner 2.

5.5. Database design

5.5.1. Entity-Relation diagram

In order to keep data safe, a database has begmekksAs shown in figure 9, there are three
entities in this database, TestSession, TestCatdranult. The primary key of each part is
StartedTime, Caseld and CurrentTime. Foreign kéyssult are StartedTime in TestSession
and Caseld in TestCase. The relations between #rges are quite obvious; a TestSession
has many Results, and such Results corresponcetdestCase.

In the TestSession entity, StatedTime and SessimeNae not null, while Model, Comment,
SerialNumber, MotoPartNumber, FirmwareVersion aoftivgareVersion can be filled in by
the user before clicking Start button; all thesguarents are inserted into database at the
beginning of the test. When the program completesectly, there will be a string formatted
time value in CompletedTime. If the program is gteg by the user, a value will be filled in
StoppedTime. These two values are updated intddsg¢auntil the test is finished or stopped.

In the TestCase entity, data in this table is ieskin advance, because each test case is
predefined, and no operations are done on theksstdbring testing period.

In the Result entity, data is inserted into thddamce there comes an item of result. From the
ER diagram, it is clear to see that there are fands of attributes, including common
attributes, DVB-T attributes, DVB-C attributes ai®TB attributes. Common attributes
contain CurrentTime, Frequency, PowerLevel and Chiifer to Noise ratio). STB attributes
have UCB, BER and Tuner (tuner instance, 0 forlsitigner, O for the first instance of dual
tuner, 1 for the second instance of dual tuner)BBElVattributes consists of ConstellationT,
ChannelBandwidth, FFTMode, CodeRate, Guardinteaval Delay. DVB-C attributes are
made up of ConstellationC and SymbolRate. For eiteny of Result, common attributes and
STB attributes are not null, either DVB-T or DVBafiributes are not null as well.
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Figure 9. E-R Diagram

5.5.2. Database connection

ODBC (Open Database Connectivity) provides a stahdaftware APl method for using
database management systems (DBMS). In this prdyge$QL ODBC 5.1 Driver is used;
meanwhile, MFC supports the CDatabase class, whigigs a lot of convenience. For
database connection, an OpenEx() method is chosam the library which throws
CDBException and CMemoryException. The input argotseare an ODBC connect string
and a connect option. The connect string inclubdegltiver type, server address, port number,
data source, user ID and password. A connect opsigelected by the user, and O is the
default value, which means database will be opeseshared with write access, the ODBC
Cursor Library DLL will not be loaded, and the ODRGnnection dialog box will display
only if there is not enough information to make to@nection [13].
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Here is an example in my program,

CDataBase m_db;

m_db.OpenEx("Driver=MySQL ODBC 5.1 Driver; Serveerger.database.com; Port=3306;
Database=dvb; UID=user; PWD=password");

5.5.3. Operations on database

In this database implementation, only two operatiare needed, update and insert. In the
beginning of the test, test session informatiomserted into TestSession table only once. At
the end of the whole test, either completion timstopped time is updated. During the test,
result is inserted into Result table once an itemes out.

The syntax for insert statement in SQL is like this

INSERT INTO [table name] < ([ columns list]) > VALUES ([ values list])

If values are provided for all columns in the taisiehevalue list, column names do not have
to be provided. However, if values in thaue list do not match the number of columns in
the table or if values in thealues list are to be placed in specific columns in the table,
column names must be explicitly stated in ¢bleimns_list [10].

The syntax for update statement in SQL is like.this
UPDATE [table name ] SET [column ] = [ value] < WHERE [where_condition ] >
This statement always contain a WHERE clause,| agieats in the table will be updated [10].

Moreover, there is a method called ExecuteSQL(pstipd by CDatabase class. It is very
convenient to use, one way is to make the SQL me&te in a CString format as an input
argument, and the other is to transmit a pointex twll-terminated string containing a valid
SQL command [11].

The methods of the Database class are listed iaghendix.

5.6. Data Presentation

Data presentation is done in Microsoft Excel 208%ha Visual Basic for Application. The
programs are written in Visual Basic, including ateise connection and report generator.
This report tool needs to extract data from datalaasl format it in a user friendly way.

The report tool is shown in Figure 10. There are bwttons to generate DVB-T and DVB-C
report respectively. The content in the first cotuis the index for the test case. The second
column is the session started time for single tumdhe first interface of the dual tuner. The
third column is the session start time for the sdcmterface of the dual tuner. The strings in
these two columns are the conditions of the SQLygu@nce the button is clicked, a report
(*.xIs file) is created, which retrieves data fralatabase and arranges them in a user friendly
way.

Figure 11 is the reference for different sheetentthis reference, it is quite easy for users to
find out the content in each sheet.
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Figure 10. The report tool
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6. Results

There are four ways to present data. Users cae\sg change of the SFU and the STB in
the debug window. All results and debug informatime written to a log file, and only results
are put into the database. After data collectios b@en done, the report tool formats data

automatically.

6.1.

Debug display window is used to see the resuleah time. It displays all the changes both in

Debug window

the SFU and the STB, so it is very convenient taudefrom this window.

Figure 12 is the snapshot of a running DVBTOOL.
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—5TH Infa

Serial Humber
tadel

Mata Part Hurnbier
Firmware Yersion
Software Wersion

Cormments

| 193286545

JHIFTSEAT

| EEECET]

EEEELTS

— Test Contral

Test Sezsion

lEh:u:ut Irage Erara

Sample |

Diebug

Tuner: Single

Tezt Caze b C/M Performances on Gaussiarﬂ

C/M 15.6 BER 1.241800=-05
£/ 15.5 BER 1.446000e-06
CiM 15.4 BER 1.732000e-08
£/ 153 BER 26921 00e-06
CAM 152 BER 4.383200e-06
C/M 15,1 BER 5.022400e-08
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Figure 12. The running DVB measurement tool
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6.2. Log file

The log file is created every time the Start buti®rlicked, its name is a format of system
time, so it will never be duplicated. In the iniitz file, the user can modify the place where
to put the log and choose whether or not debugnmdtion will be written to the log.

The log file is shown in figure 13.

!L 20100622154435.txt - Notepad

File Edit Format Wiew Help

Serial Mumber 1935265668 il
Model wIPL2O03T

Moto Part Mumber S70017-001-00

Firmware version

software Version

COmment s

start Time 2010506722 15:44:35

Test Case §5: /N Performances on Gaussian Channel

Tuner: single

Power Lewvel:-50

FFT Mode: MBE

Guard Interwval: Gl1_4

C/M 5.1 BER B.772260e-05
Z M BER 3.521200e-086
M BER 4.654800e-068
BER 7.3508002-06
BER 9.154400e-06
BER 1.313520e-05
BER 1.7418302-05
BER £.2945930e-05
BER 3.2794102-05
L207960e-05
LBB89330e-05
L. 9368350e-05
BER 1.032128e-04
BER 1.371200e-04
7 BER 1.747G37e-04
C/M 3.6 BER 2.3709%95e-04
Constell T4 Code rate R1_Z
CSM 3.7 BER 1.729677e-04
C/M 3.6 BER 2.25976%1le-04
Constell T4 Code Rate RI_2Z
CSM 3.7 BER 1.651633e-04

=10l x|

W mE e B o -] 00D
[, NN TR el e R R R =Y

g
4
4
d
4
4
M 4.
4
4
4
4
3.
3.
3.

Freq 177500000 C/N 3.7 BER 1.7349422-04

Freg 198500000 C/N 3.7 BER 1.735437e-04

/M 3.6 BER
Constell T4
/M 3.7 BER
—/ M 3.6 BER
/M 3.5 BER
Constell T4
/M 3.6 BER
/M 3.5 BER
Constell T4
/M 3.6 BER
/M 3.5 BER
Constell T4
/M 3.6 BER
/M 3.5 BER
Constell T4
/M 3.6 BER
/M 3.5 BER
Constell T4

2.145915e-04

Code Rate R1_2

1.349142e-04
1.763092e-04
2.3194032-04

Code Rate R1_Z

1.676981e-04
2.177736e-04

Code Rate R1_Z

1.717422e-04
2.198631e-04

Code Rate R1_Z

1.702573e-04
2.215747e-04

Code Rate R1_2

1.675102e-04
2.232495e-04

Freq

Freq

Freg

Freg

Freg

Code Rate R1_2 Freq

226500000 C/M

474000000 C/H

522000000 C/N

570000000 C/NM

618000000 /N

666000000 C/N

BER

BER

BEFR

BER

BER

BER

LB32516e-04

LFF3Ve-04
LG829586e-04
LB951538e-04
LB62214e-04

LB377ahe-04 ;I

Figure 10. The log file
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6.3. Database

Database is optional in this project, the user choose to use it or not. An argument
(DB_USE) is used to control the database connégtinithe initialize file (*.ini file). If this
value equals 0, database is not used, and if dledqa 1, the database is used.

The contents of the Result table in the databasslaywn in figure 14.

_| CurrentTime ‘| Frequency | Power| €N | Cons| Channe! FETH Guarci CodeF%E! | constell| Svm| Tuner| LCE | BER i SessionStartedTimei TestCaseld
3 |2DlUD?DZlDUll4 177500000 -50 36 T4 BW 7 MaK Gl 4 R1_2Z 0 HNULL 1} a i} 0.00016251583 20100702095241 TS
] 20100702100234 198500000 -50 36 T4 BW._F M3K Gl4 R1_Z 0 MNULL ] 0 1] 0.0001678758 20100702095241 TS
[ | 20100702100354 226500000 -50 36 T4 BW_ 7 MK Gl 4 RI_Z2 0 RNULL 1} a 1} 0.0001610375 20100702095241 TS
[ . Z0L00702100512 474000000 -50 36 T4 BW.S MIK Gl.4 R1Z 0 MNULL a 0 a 00001575163 20100702095241 TS
[ | 20100702100632 522000000 -50 36 T4 BW. S MK Gl 4 RI_2 0 HNULL 1} a i} 0.0001637357 20100702095241 75
o 20100702100752 570000000 -50 36 T4+ BW. & MK Gl 4 R1_2 0 HNULL 0 a 0 0.000161493  20100702095241 75
B | 2010070210091 618000000 -S0 36 T4 BW. S M3K Gl4 R1_Z2 0 MNULL a 0 1] 00001599033 20100702095241 TS
[ . 20100702101031 666000000 -50 36 T4 BW. S MK Gl 4 RI_Z 0 RNULL a a a 0.0001630902 20100702095241 TS
_I201EID?|32101150 714000000 -50 36 T4 BW. S MIK Gl.4 R1Z 0 MNULL a0 i} ] 00001738419 Z0100702095241 TS
= 20100702101310 762000000 -50 36 T+ BW. 3 MK Gl 4 RI_Z 0 NULL 0 a 0 0.0001665855 Z20100702095241 75
_I20100?02101430 10000000 -50 36 T+ BW. S MK Gl 4 R1_ 2 0 HNULL 0 a a 0.000164232 20100702095241 TS
[ . 20100702101548 858000000 -50 36 T4 BW.E M3K Gl4 R1Z 0 MULL a 0 a 00001534937 20100702095241 TS
[ | 20100702102422 177500000 -50 53 T4 BW_ 7 MaK Gl 4 RZ3 0 HNULL 1} a i} 0.0001541993 20100702095241 TS
B 20100702102541 198500000 -50 5.3 T4 BW_F M3K Gl.4 RZ3 0 MNULL ] 1} 1] 0.0001595281 20100702095241 TS
B | 20100702102701 226500000 -50 53 T+ BW_7 MaK Gl_4 RZ.3 0 NULL 1} a 1} 0.000156779  20100702095241 75
[ . 201007021025820 474000000 -50 53 T4 BW.S MK Gl 4 RZ3 0 MNULL a a a 0.00014598529 20100702095241 TS
B | 20100702102940 522000000 -50 53 T4 BW.SE MBK Gl4 RZE3 0 MNULL a i} a0 00001574244 20100702095241 TS
| 20100702103059 570000000 -50 53 T4+ BW._ & MK Gl 4 RZ_3 0 RNULL 0 a 0 0.0001538357 20100702095241 75
B | 20100702103219 618000000 -50 53 T4 BW_E M3K Gl4 RZ3 0 MNULL ] 0 1] 00001532393 2010070209524L TS
[ . 20100702103339 666000000 -50 53 T+ BW.3 MK Gl 4 RZ3 0 NULL a a a 0.00015595812 20100702095241 TS
B | 20100702103457 714000000 -50 53 T4 BW. S MK Gl 4 RE3 0 HNULL 0 a i} 0.0001680718 20100702095241 TS
] 20100702103617 762000000 -50 53 T4 BW. S MBK Gl4 RZ3 0 MNULL ] 0 1] 00001599775 20100702095241 TS
[ | 20100702103737 810000000 -50 53 T4  BW_ S MK Gl 4 RZ.3 0 HNULL 1} a 0 0.0001527716 20100702095241 TS
] 20100702103859 858000000 -50 53 T4 BW. S M3k Gl 4 RZ3 0 MNULL a a a 0.0001513112 20100702095241 TS
B i Z20100702104805 177500000 -50 62 T+ BW_ 7 MaK Gl 4 R34 0 NULL 1} a 1} 0.00017940355 Z20100702095241 TS
| 20100702104924 198500000 -50 6.2 T4 BW 7 M3k Gl 4 R34 0 HNULL 0 a 0 0.0001512336 20100702095241 75
B | 20100702108044 226500000 -50 62 T4 BW_ 7 M3K Gl.4 R34 0 HNULL a 0 1] 00001793464 20100702095241 TS
[ . 20100702105204 474000000 -50 6.2 T4 BW.8 Mdk Gl 4 R34 0 NULL a a a 0.0001749616 20100702095241 75
B | 20100702105323 522000000 -50 62 T4 BW & M3k Gl 4 R34 0 HNULL 1} a i} 0.0001754544 20100702095241 TS
] 20100702105443 570000000 -50 62 T+ BWw 3 MKk Gl 4 R34 0 NULL 0 a 0 0.0001752209 20100702095241 75
= | 20100702105602 618000000 -50 62 T4 BW & M3k Gl 4 R34 0 HNULL 1} a 0 0.0001756147 20100702095241 TS
[ . Z0L00702105722 606000000 -50 6.2 T4 BW.S M3IK Gl 4 R34 0 NULL a 0 a 00001521854 Z0100702095241 TS
[ | 20100702105841 714000000 -50 62 T4 BW. & MK Gl 4 R34 0 HNULL 1} a i} 0.0001857152 20100702095241 75

Figure 14. The contents in the Result table
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6.4. Reportin Excel

The report tool extracts data from database by §@ry and formats them in a very nice
way. The two pictures below show the differenceseqtlearly.

Figure 15 is an example that shows the data dyreettieved from database.

A [ B [ © [D]
1 |ConstellationT  CodeRate Frequency  CMN
2 T4 R1_2  [159@a00000 5.7
= T4 R1_2 BEE000000 . 5.5
4 T4 R2 3 193500000 9.7
& | T4 R2 3 BEE000000 9
B | T4 F3 4 195500000 12.7
7 T4 F3_ 4 BEEO000000 11.8
B | T16 R1 2 1935000000 11.2
a2 T16 R1 2 BEE000000. 11
10 T16 R2 3 1593500000 14.9
el T16 R2 3 | BEE000000 14.5
i T16 R3_4 193500000 158.2
e T16 R3 4 BEE000000 17.5
14 TE4 R1_2 198500000 159
= T4 RF1_ 2 BBEO00000 156
6 | TE4 R2 3 198500000 20
A7 Th4 F2 3 'BEEO00000 . 18.7
18] TG4 R3 4 193500000 23.1
19 Th4 R3 4 BEEO00000 225

F@re 15. The data in Excel before formatted

Figure 16 is the result after data is formatted.

Fiy | B | = | D | E |

1 TE C/M on 0B Echo Channel

2

3 Fower FFT Mode  Guard Interval | Delay

4 500 a1 G1 4 1.95E-06

5

B

7 (Y

o 7MHz-%HF | 8hHz-LIHF

4 | Constellation Code Rate Specification 193500000 B&E000000

10 T4 3 0.0 o7 0.8

11 T4 R2 3 13.7 a7 9

12 T4 R34 17.4 127 11.8
e T16 R1 2 13.3 1.2 11

14 T16 R2 3 17.9 149 144
Ezat T16 R34 22.1 18.2 1748

16 Thd R1 2 19 1549 156

17 TE4 2 3 232 20 19.7

18 Thd R34 2B 231 2240

Figure 116. The data in Excel after formatted
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7. Conclusion

In this project, the DVB measurement tool connetis SFU and the STB by socket
communication. In the beginning it loads the testsgon, then sets arguments in the SFU by
remote control commands. The output signal fromSk# is sent to the STB through an RF
cable. The software in the STB measures the quaflitge incoming signal and the DVB tool
records the stable data. During this period, thd@ieggion displays debug information in real
time and saves the results both in the log filéx{*file) and the database. When data
collection is done, the report tool extracts ananiats data automatically. The whole system
has resulted in a fully working and very usefulltoo

With this automatic DVB performance measurement, tdobecomes quite convenient to
repeat the measurements for different products.etedntrol of the computer, the output
signal from the SFU is more accurate, and no mdabal is wasted after the Start button has
been clicked. So this tool increases the measuremqmeity and decreases the development
time a lot.

Besides, all these test cases are configurableysioypmodifying the test session (*.ses file).

The user can run a full test session or some ofteabe cases automatically with different
modes for a large range of frequencies. But wheting manually in practice, one selects a
limited number of modes and frequencies due tonbik load. A typical problem is that the

performance is uneven over the whole frequencyeawgth an automatic tool, one can test
more frequencies than manually to find out problems

Further on, this system provides an easy way toencaknparison between the performances
of the STBs. Once there are results stored in #t@badse, the report tool can generate reports
for the products of any type. Especially during thevelopment phase of a product with
optimal performance, software and hardware is oftedated. The report tool helps to find
the performance difference after any change musterfahan if done manually.

Finally, the system can also be used to colletistitzal data for a product model. Test several
product individuals and make sure the results dtoréhe database. After all tests complete,
one can easily obtain the minimum value, the marinvalue, the mean value and standard
deviation from the database for any given pararmaeter

30



8. Further development

Currently only the test cases derived from NorDigifled 2.1 have been implemented,
however, the system can easily be extended to staedards.

In DVB-T and DVB-C environment, it always takes sotime for the STB to become stable,
but this period changes if different fields in #@vironment settings have changed. To make
this DVB measurement tool suitable for a high raofjproducts, longer time (26 seconds) is
selected in the project. However, the period cdddshorter according to specific settings
which would decrease the testing time a lot. Atsgduld be possible to write an algorithm to
determine suitable time for any mode of operation.

In this project, the STB should be tuned to differgequencies many times, before the next
turning procedure, a stop command is sent to thg 8uit the STB needs time to react. If it is
not in a real stop state, the next tuning procediitdail, and the whole test system will hang
in the middle. To deal with this, when the stop awend is sent, the system will wait two
seconds for the STB to react. But if it is not la@rgpugh, the whole test system hangs after all.
A solution is to improve the software in the STHjigh can provide more robust API. Once
the stop command is sent, a return value couldebd back. According to this value, it is
quite obvious to see whether the STB has stoppedtor

Although users can see the debug information froth the debug window and the log file, it
is better to have a debug class separately insgttachbedded in the CWorkerThread. This
class could be accessed by all classes in thegbr@ad then more information would be
displayed, which helps to find error much more §lyic

Further on, if a problem occurs in the STB, DVBTO®&uld not recover. One could add
problem detection and reboot function to resumeedbe
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Appendix

Here are the .h files used in this project, inahgdbFU.h, STB.h, Database.h,
CWorkerThread.h and CDVBTOOLDIg.h.

SFU.h file

#ifndef SFU H_
#define _SFU_H_

#include<Winsock2.h>
#include<string>
#include<iostream>
#include<vector>
#include<stdlib.h>
using namespace std;

class SFU{
private:

/[connection parameters
SOCKET PCsocket;
SOCKADDR_IN SFUaddr;
WSADATA wsaData;

/l common attributes
string frequency;
int freq;

string powlevel;
double pow;
string powoffset;
double offs;
string standard,;
string noise;
string noiseCN;
double noisCN;

/IDVBC attributes
string symbolrate;

int symrate;

string constellationC;

/[DVBT attributes

string channelbandwidth;
int channelband;

string fftmode;

string guardinterval;

33



string coderate;
string constellationT,;
string del;

double delay;

string state;

/lreceive data from SFU, frequency, pow, offsst.
string RecData();

//[send data from computer to set SFU parameters
void SendData(string da);

public:

/IDVBC constructor
SFU(string,string,string,string,string, stringiysgy, string);

/IDVBT constructor
SFU(string,string,string,string,string,stringysty, string, string,string,string);

/IDefault constructor DVBT mode
SFU();

void Stop();

/lInitialize, build connection
void SFUini(string s);

/[cast functions

const char* StringToChar(string ss);
string DoubleToString(double dou);
string IntToString(int i);

double StringToDouble(string ss);
int StringTolnt(string ss);

/l common functions

void SetFrequency(string f);
void SetFrequencyVal(int fv);
string GetFrequency();

int GetFrequencyVal();

void SetPowLevel(string p);

void SetPowLevelVal(double pv);
string GetPowLevel();

double GetPowLevelVal();

void SetPowOffset(string po);

void SetPowOffsetVal(double pov);
string GetPowOffset();

double GetPowOffsetVal();
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void SetStandard(string s);
string GetStandard();

void SetNoise(string n);
string GetNoise();

void SetNoiseCN(string ncn);

void SetNoiseCNVal(double ncnv);
string GetNoiseCN();

double GetNoiseCNVal();

//IDVBC function

void SetSymbolRate(string sr);
void SetSymbolRateVal(int srv);
string GetSymbolRate();

int GetSymbolRateVal();

void SetConstellationDVBC(string cc);

string GetConstellationDVBC();

/IDVBT functions

void SetChannelBand(string cb);
void SetChannelBandVal(int cbv);
string GetChannelBand();

int GetChannelBandVal();

void SetGuardInterval(string gi);
string GetGuardinterval();

void SetFftMode(string fm);
string GetFftMode();

void SetCodeRate(string cr);
string GetCodeRate();

void SetConstellationDVBT(string ct);
string GetConstellationDVBT();

void SetDelay(string s);
string GetDelay();

void SetState(string s);
string GetState();

|8

#endif
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STB.h file

#ifndef _STB_H_
#define _STB_H_

#include "stdafx.h"

#include<stdio.h>
#include<Winsock2.h>
#include<string>

#include<iostream>
#include<vector>

#include<math.h>

#include <stdlib.h>

using namespace std;

#pragma comment(lib,"WS2_32.LIB")

class STB
{

private:

double BERVal:;
double SNVal;
int UCBVal;

string quality;
string BER;
string SN;
string UCB;

double stableBERVal;
double stableSNVal;
int stableUCBVal;

string stablequality;
string stableBER,;
string stableSN;
string stableUCB;

vector<string> qualities;
int UCBSum;

SOCKET controlsocket;
SOCKADDR_IN STBaddr;

WSADATA wsaData;
int result;

public:

STB();



~STB();

void STBIni(string s);

void TuneDVBT(string f,string i,string b);

void TuneDVBC(string f,string i,string m,string; s
void Stop();

void RealStop();

string GetInstantQuality();
string GetStableQuality(int second);

string GetBER();
string GetSN();
string GetUCB();

double GetBERVal();
double GetSNVal();

int GetUCBVal();

string GetStableBER();
string GetStableSN();
string GetStableUCB();
double GetStableBERVal();
double GetStableSNVal();
int GetStableUCBVal();

int GetStableUCBSum();

double StringToDouble(string ss);
int StringTolnt(string ss);

void reboot();

|8

#endif
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Database.h file

#ifndef _DATABASE_H_
#define _DATABASE_H_

#include "stdafx.h"
#include "sqglext.h"
#include<string>
#include<Winsock2.h>
#include<string>
#include<iostream>
#include<vector>
#include<stdlib.h>
using namespace std;

class DataBase

{

private:
CDatabase m_db;
public:

/[Test Session Attributes
string StartTime;
string CompleteTime;
string StopTime;
string SFUOffs;
string SessName;
string Mod;

string Comm,;

string SerialNo;
string MotoPartNo;
string FirmwareV;
string SoftwareV,

/IResult Attributes

string CurrTime;

string SessStartedTime;
string TCaseld;

int Freque;

double PowerLev;
double CtoN;

string ConstellT,;
string ChannelBand;
string FFTM,;

string Guardinterv;
string CodingRate;
double Del,
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string ConstellC;
double SymRate;

int TunerNo;
int UCBsum;
double BERval;

DataBase();

bool DataBaselni();

bool UpdateTestSession();
bool InsertTestSession();
bool InsertDVBCResult();
bool InsertDVBTResult();
void Close();

|8

#endif



CWorkerThread.h file

#if defined(AFX_WORKERTHREAD H 90395F70 9AE7_ 4D8E95 BCC513FAD4D
7__INCLUDED )

#define
AFX_WORKERTHREAD_H__ 90395F70 9AE7_4D8E_9395 BCCHABED7__ INCLU
DED

#if _MSC_VER > 1000
#pragma once

#endif // _MSC_VER > 1000
/I WorkerThread.h : header file
I

#include "STB.h";

#include "SFU.h"

#include "DataBase.h"
#include <string>

#include <vector>
#include<map>
#include<sstream>
#include<fstream>
#include<iostream>

using namespace std;

#define WM_INI WM_USER+1
#define WM_STOPPING WM_USER+2

M| |
/| CWorkerThread thread

class CWorkerThread : public CWinThread

{
DECLARE_DYNCREATE(CWorkerThread)
protected:
CWorkerThread(); /I protected constructeed by dynamic creation

/I Attributes
public:

SFU sfu;
STB stb;
DataBase db;

char dvbtype;

int estl;
int est2;
int est3;
int est4;
long est5;

40



long est6;
long est7;
long est8;
int est9;

long cestl;
long cest2;
int cest3;
int cest4;

int testcases[9];
int casesize[9];
int tuner[9];

int ctestcases[4];
int ccasesize[4];
int ctuner[4];

/I DVBT test cases

/] Test case 1 parameters, center frequencies
vector<string> vec_freql_vhf;

vector<string> vec_freql uhf;

string static_powerl;

string static_FFTmodel;

string static_guardintervall;

string static_constell1;

string static_coderatel,

/[Test case 2 paremeters, frequency offset
vector<string> vec_freq2_vhf;
vector<string> vec_freq2_uhf;

string static_freqoffset;

string static_power2;

string static_ FFTmode2;

string static_guardinterval2;

string static_constell2;

string static_coderate2,;

/[Test case 3 paremeters, frequency offset
vector<string> vec_freq3_vhf;
vector<string> vec_freq3_uhf;

string static_power3;

string static_ FFTmode3;

string static_guardinterval3;

string static_constell3;

string static_coderate3;

/[Test case 4 parameters, modes
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string static_freq4_uhf;

string static_power4;
vector<string> vec_FFTmode4;
vector<string> vec_constell4;
vector<string> vec_guardinterval4;
vector<string> vec_coderate4;

/[Test case 5 parameters, C/N performance ond@au€hannel
string static_power5;

string static_ FFTmode5;

string static_guardinterval5;

vector<string> vec_constell5;

vector<string> vec_coderate5;

vector<string> vec_freq5_vhf;

vector<string> vec_freq5_uhf;

double std5_all[15];

map<string,int> map_std5;

/[Test case 6 parameters, C/N performance on €hdBnel
string static_power6;

string static_FFTmode6;
string del®6;

double delays6;

string static_guardinterval6;
vector<string> vec_constell6;
vector<string> vec_coderate6;
string static_freq6_vhf;

string static_freq6_uhf;

double std6_all[9];
map<string,int> map_std6;

/[Test case 7 parameters, minimum input on ganssiannel
string static_FFTmode7;

string static_guardinterval7;
vector<string> vec_constell7;
vector<string> vec_coderate7,;
vector<string> vec_freq7_vhf;
vector<string> vec_freq7_uhf;
double std7_vhf[15];

double std7_uhf[15];
map<string,int> map_std7_vhf;
map<string,int> map_std7_uhf;

/[Test case 8 parameters, minimum input on Oldicel
string static_FFTmode8;

string static_guardinterval8;

vector<string> vec_constell8;

vector<string> vec_coderate8;

vector<string> vec_del8;

string static_freq8_vhf;
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string static_freq8_uhf;

double std8_vhf[9];

double std8_uhf[9];
map<string,int> map_std8_vhf;
map<string,int> map_std8_uhf;

/[Test case 9 parameters, maximum receiver sigpat level
string static_FFTmode9;

string static_constell9;

string static_freq9_uhf;

vector<string> vec_pow9;

/I DVBC test cases

/IDVBC testcase 1
vector<string> vec_cfreql,;
vector<string> vec_cconstelll,;
string static_symratel,;

string static_cpowl,;

double cstd1[4];
map<string,int> map_cstd1;

/IDVBC testcase 2
vector<string> vec_cfreq2;
vector<string> vec_cconstell2;
string static_symrate2;

double cstd2[4];
map<string,int> map_cstd2;
double cpow2[4];
map<string,int> map_cpow2;

//DVBC testcase 3
vector<string> vec_cconstell3;
string static_cfreq3;
vector<string> vec_symrates3;
double static_cmaxpow3;
double cminpow3[5];
map<string,int> map_cminpow3;
double ccn3[5];

map<string,int> map_ccn3;

/IDVBC testcase4

string static_cfreg4;

string static_cpow4;
vector<string> vec_symrate4;
vector<string> vec_cconstell4;
double ccn4[5];
map<string,int> map_ccn4;
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/I Operations
public:

/I Overrides
/I ClassWizard generated virtual function overside
I{{AFX_VIRTUAL(CWorkerThread)
public:
virtual BOOL Initinstance();
virtual int Exitinstance();
IMAFX_VIRTUAL

/I Implementation
protected:
virtual ~CWorkerThread();
/I Generated message map functions
I{{AFX_MSG(CWorkerThread)
I NOTE - the ClassWizard will add and remove rhenfunctions here.
IMAFX_MSG
afx_msg LONG Onlnitialize(WPARAM wParam,LONG IRan);
afx_msg LONG OnStopping(UINT wParam,LONG IParam);

void ReadSessionFile();
void DebugDisplay(string s);

/l data coversions

double StringToDouble(string ss);
int StringTolnt(string ss);

string IntToString(int i);

string DoubleToString(double dou);

//DVBT functions

bool ExeTestCasel(string s);
bool ExeTestCase2(string S);
bool ExeTestCase3(string s);
bool ExeTestCase4(string s);

bool ExeTestCase5(string s);
void Caseblinitialize();

bool ExeTestCase6(string s);
void Case6lnitialize();

bool ExeTestCase7(string S);
void Case7Initialize();

bool ExeTestCase8(string s);
void Case8lnitialize();
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bool ExeTestCase9(string s);

// DVBC functions
bool ExeDVBCTestCasel(string s);
void CCasellnitialize();

bool ExeDVBCTestCase2(string s);
void CCaseZInitialize();

bool ExeDVBCTestCase3(string s);
void CCase3lnitialize();

bool ExeDVBCTestCase4(string s);
void CCase4lnitialize();

DECLARE_MESSAGE_MAP()
|

T T o

I{{AFX_INSERT_LOCATION}}
/I Microsoft Visual C++ will insert additional defations immediately before the previous
line.

#endif

/] 'defined(AFX_WORKERTHREAD H__ 90395F70 9AE7 4D&B95 BCC513FAD4D7
__INCLUDED )
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CDVBTOOLDIg.h file
// DVBTOOLDIg.h : header file

#if 1defined(AFX_DVBTOOLDLG_H___6DB23458 C805_4F29%BA_ BA1CFF825D4B _
_INCLUDED )

#define
AFX_DVBTOOLDLG_H__6DB23458 C805_4F29 B6BA_BA1CFF&8_INCLUDE
D

#if _MSC_VER > 1000

#pragma once

#endif // _MSC_VER > 1000

T |
/[ CDVBTOOLDIg dialog

#include "WorkerThread.h"

#define WM_DISPLAY WM_USER+3
#define WM_STOPPED WM_USER+4
#define WM_SESS PROC WM_USER+5
#define WM_CASE_PROC WM_USER+6
#define WM_EST_TIME WM_USER+7

class CDVBTOOLDIg : public CDialog
{
/I Construction
public:
CDVBTOOLDIg(CWnd* pParent = NULL); // standard cgiructor

CWorkerThread* m_pWorkerThread;

// Dialog Data
I{{AFX_DATA(CDVBTOOLDIg)
enum { IDD = IDD_DVBTOOL_DIALOG },
CEdit m_est;

CProgressCtrl m_bar_case_proc;
CEdit m_case_proc;

CEdit m_sess_proc;
CProgressCtrl m_bar_sess_proc;
CEdit m_debug;

CEdit m_sn;

CEdit m_model;

CEdit m_mpn;

CEdit m_sv;

CEdit m_fv;

CEdit m_completiontime;
CButton m__stop;

CButton m_start;
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CEdit m_starttime;

CEdit m_status;

CEdit m_comments;

CComboBox m_combo_testsession;
CString m_getstring;
INAFX_DATA

/I ClassWizard generated virtual function overside
I{{AFX_VIRTUAL(CDVBTOOLDIg)

protected:

virtual void DoDataExchange(CDataExchange* pDX); / DDX/DDV support
IMAFX_VIRTUAL

/I Implementation
protected:
HICON m_hlcon;
void LoadIniFile();
void ListSessionFiles();
string IntToString(int i);

/I Generated message map functions
I{{AFX_MSG(CDVBTOOLDIg)

virtual BOOL OnlnitDialog();

afx_msg void OnSysCommand(UINT nID, LPARAM IParam)
afx_msg void OnPaint();

afx_msg HCURSOR OnQueryDraglcon();
afx_msg void OnButtonStart();

afx_msg void OnButtonPause();

afx_msg void OnButtonStop();

afx_msg void OnSelchangeComboTestsession();
IPAFX_MSG

afx_msg LRESULT OnDisplay(UINT wParam, LONG |IPaa

afx_msg LRESULT OnStopped(WPARAM wParam,LONG Hpay;
afx_msg LRESULT OnSessionProcess(WPARAM wParamGOParam);
afx_msg LRESULT OnCaseProcess(WPARAM wParam,LOR&Bam);
afx_msg LRESULT OnEstTime(WPARAM wParam,LONG |&ai);

DECLARE_MESSAGE_MAP()
|

I{{AFX_INSERT_LOCATION}}
/I Microsoft Visual C++ will insert additional defations immediately before the previous
line.

#endif

/] 'defined(AFX_DVBTOOLDLG_H__6DB23458_C805_4F29 BS BA1CFF825D4B |
NCLUDED )
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