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Abstract  

In this document, the Omega PLC demonstration and the results obtained with it are presented. Demonstration is 
composed by two parts: the PLC transmitter-receiver boards and the channel emulator. Elements of estimated 
cost for the future Omega chipset are also given. 
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Executive Summary 
 

In this document, the Omega PLC demonstration and the results obtained with it are presented. Demonstration is 
composed by two parts: the PLC transmitter-receiver boards and the channel emulator. 

The PLC transmitter-receiver boards is first described, showing the analog front end part enabling that 
transmitted signal is satisfying regulation constraints. Physical layer digital part is then described as it was 
implemented into PLC demonstrator, as well as the board architecture and a description of the main software 
functions that are needed to pilot PLC boards. 

The PLC channel emulator is presented including a hardware and analog architecture description and showing 
the main functionalities offered by this prototype implementation. 

The Omega PLC performances are then evaluated connecting together the PLC transmitter-receiver boards and 
the channel emulator, results are given for the set of channel classes as previously defined in Omega deliverable 
D3.2 �[5]. 

Finally, using the PLC board implementation work, the estimated cost of the future Omega chipset is given. 

  

 



ICT-213311, OMEGA                                                                                                                                                                 15 April 2011 

D3.7: PLC final evaluation results Page 3 (40) 

List of Authors 
 

 

First name Last name Beneficiary Email address 

Olivier ISSON SPiDCOM Olivier.Isson@spidcom.com 

Martin RENARD SPiDCOM Martin.Renard@spidcom.com 

Philippe BONNAZ SPiDCOM Philippe.Bonnaz@spidcom.com 

Mouhamadou SECK SPiDCOM Mouhamadou.Seck@spidcom.com 

Frederic GARNIER SPiDCOM Frederic.Garnier@spidcom.com 

Pascal PAGANI France Telecom pascal.pagani@orange-ftgroup.com 

Mohamed TLICH France Telecom mtlich.ext@orange-ftgroup.com 



ICT-213311, OMEGA                                                                                                                                                                 15 April 2011 

D3.7: PLC final evaluation results Page 4 (40) 

List of Acronyms 
 

Acronym Meaning 

AFE Analog Front-End 

AWGN Additive White Gaussian Noise 

BLE Bit Loading Estimate 

CIR Channel Impulse Response 

CP Cyclic Prefix 

CSI Channel State Information 

CSMA Carrier Sense Multiple Access 

CSPEC Connection SPECification 

DAC Digital to Analog Converter 

FMT Filtered MultiTone  

ENOB Effective Number Of Bits 

HPAV HomePlug  AV 

IEEE Institute of Electrical and Electronic Engineers 

ITU International Telecommunications Union 

MAC Medium Access Control 

MC Multi Carrier 

MM  Management Message 

OFDM Orthogonal Frequency Division Multiplexing 

OMEGA Home Gigabit Access 

PAR Peak to Average Ratio 

PHY Physical  

PLC Power Line Communication 

QAM Quadrature Amplitude Modulation 

QoS Quality of Service 

SNR Signal to Noise Ratio 

 



ICT-213311, OMEGA                                                                                                                                                                 15 April 2011 

D3.7: PLC final evaluation results Page 5 (40) 

Table of contents 

1 Introduction ........................................................................................................................ 7 

2 PLC physical layer .............................................................................................................. 8 

2.1 Analog Front-End ................................................................................................................... 8 

2.1 Digital domain signal definition ............................................................................................. 9 

3 Demonstrator architecture ............................................................................................... 10 

3.1 Physical layer oriented demonstrator ................................................................................. 10 
3.1.1 Overview ....................................................................................................................................... 10 
3.1.2 Package of functions modelling a PHY system............................................................................. 12 
3.1.3 Typical tasks for simulation and evaluation of a PHY system ...................................................... 14 

4 PLC channel emulator ..................................................................................................... 15 

5 Performance results .......................................................................................................... 20 

5.1 Transmit PSD ........................................................................................................................ 21 

5.2 Constant Noise + variable attenuation with TX filter on .................................................. 22 
5.2.1 0dB attenuation ............................................................................................................................. 22 
5.2.2 20dB attenuation ........................................................................................................................... 26 
5.2.3 40dB attenuation ........................................................................................................................... 28 

5.3 Emulated PLC channel ........................................................................................................ 30 
5.3.1 Channel 3 ...................................................................................................................................... 30 
5.3.2 Channel 4 ...................................................................................................................................... 31 
5.3.3 Channel 5 ...................................................................................................................................... 32 
5.3.4 Channel 6 ...................................................................................................................................... 33 
5.3.5 Channel 7 ...................................................................................................................................... 34 
5.3.6 Channel 8 ...................................................................................................................................... 35 
5.3.7 Channel 9 ...................................................................................................................................... 36 

6 Cost estimation .................................................................................................................. 38 

6.1 Analog Front End ................................................................................................................. 38 

6.1 Digital part............................................................................................................................. 38 

7 Conclusion ........................................................................................................................ 39 

8 References ......................................................................................................................... 40 



ICT-213311, OMEGA                                                                                                                                                                 15 April 2011 

D3.7: PLC final evaluation results Page 6 (40) 

 

List of Figures 
 

Figure 1: transmit power spectral density limit ................................................................................................. 8 

Figure 2: Omega AFE block diagram ................................................................................................................. 9 

Figure 3: OFDM symbol timing ........................................................................................................................... 9 

Figure 4: Omega physical layer block doagram ............................................................................................... 10 

Figure 6: phy demonstrator overview ............................................................................................................... 11 

Figure 5: phy demonstrator overview .......................................................................... Erreur ! Signet non défini. 

Figure 7: phy demonstrator equipment ............................................................................................................ 12 

Figure 8: PLC communication setup with phy layer prototype ...................................................................... 14 

Figure 9: PLC channel emulator process .......................................................................................................... 15 

Figure 10: Channel emulator architecture ....................................................................................................... 16 

Figure 11: x5-400m evaluation platform – Innovative Integration ................................................................ 16 

Figure 12: Chassis 3U 8-Slot Smart PXI ........................................................................................................... 16 

Figure 13: Channel emulator graphical interface ............................................................................................ 19 

Figure 14: Channel Transfer Function exemple (class 7) ................................................................................ 20 

Figure 15: test bench setup ................................................................................................................................. 21 

Figure 16: Measured transmit power spectral density .................................................................................... 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ICT-213311, OMEGA                                                                                                                                                                 15 April 2011 

D3.7: PLC final evaluation results Page 7 (40) 

1 Introduction 

 

In first studies of Omega PLC work packages work �[5]�[8], it was shown that data rate of existing PLC products 
can be strongly increase in most of PLC channels. In addition to theoretical studies and simulation, one 
important part of the Omega project is to demonstrate the feasibility such improvements. 

This document presents the prototype implementation of the Omega PLC demonstrator using a [0-100] MHz 
frequency band and satisfying regulation constraints as it was defined in Omega �[6]. It also shows how the PLC 
prototypes were tested to give performance results in realistic PLC environment. 

Finally, it gives a cost estimation of the future Omega PLC chipset. 
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2 PLC physical layer 

Current most widely deployed PLC products are compliant with HomePlug AV standard �[7] that uses [0-30] 
MHz band. The goal of Omega physical layer for PLC is to improve the achievable data rate by enlarging the 
frequency band to [0-100] MHz and optimizing modulation parameters while keeping backward compatibility 
with HomePlug standard. The following sections describe the Analog Front-End part and the physical layer 
digital signal generation. 

2.1 Analog Front-End  

When transmit power constraints have to be satisfied, it is necessary to design an Analog Front-End (AFE) part 
that will allow to respect these constraints while satisfying a good signal quality. In Figure 1 the transmit power 
spectral density is represented when the limitation is set at -55 dBm/Hz from 0 to 30 MHz and at -85 dBm/Hz 
for the higher frequencies. This constraint is made to satisfy main PLC standards and also EMC regulation rules 
as depicted in �[6]. The low-band limitation allows to be compatible with HomePlug AV standard �[7], which is a 
requirement of PLC work package within Omega. Note that the [0-30] MHz band will include several notches as 
depicted in �[7], even if this does not appear in Figure 1.  

 

The psd limit values -55 and -85 dBm/Hz are expressed with quasi-peak settings. It is generally admitted that a 7 
dB margin must be subtracted to these values to have RMS values, giving -62 and -92 dBm/Hz.    
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Figure 1: transmit power spectral density limit 

 
 
In Figure 2, a block diagram of the Analog Front-End (AFE) is shown for both transmission and reception part. 
It is a baseband architecture including Digital to Analog Converter (DAC) at the transmission and an Analogue 
to Digital Converter (ADC) at the receiver side, each of them working at 200 MHz sampling clock with 12 bits 
resolution. 
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Figure 2: Omega AFE block diagram 

 
 

2.1 Digital domain signal definition  

As one of the target is to satisfy HomePlug compatibility, the modulation selected for signal generation will be 
OFDM with pulse shaping in the same sense it is defined into HomePlug  AV specification �[7], with the main 
parameters: 

·  B = 100 MHz: the maximum frequency 

·  N = 8192 the FFT size: 4096 carriers are used in the [0-100] MHz band 

·  � f = 100e6 / 4096 = 24.4141 kHz, the carrier spacing 

·  GI = 1112 or 1512 or 9424 samples, the guard interval 

·  RI = 992 samples 

·  Mapping: QAM constellations are used with 0, 1, 2, 3, 4, 6, 8, 10, 12, 14 bits, allowing up to QAM-16384 
constellation use. 

These parameters allow to be fully compatible with HomePlug  AV by switching off carriers above 30 MHz. The 
symbol period obtained is N+GI (c.f. Figure 3).  

��� �
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Figure 3: OFDM symbol timing 

 
As in HomePlug  AV, each frame in made of a preamble, a frame control and a payload symbol, which enable 
AV frame encoding & decoding. The FEC is a turbo code, taken from HomePlug  AV specification. 
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Figure 4: Omega physical layer block doagram 

 

 

3 Demonstrator architecture  

For the second generation of the PLC prototype, a physical layer oriented demonstrator will be developed to 
demonstrate the feasibility of a high rate transmission over PLC network. 

 

3.1 Physical layer oriented demonstrator 

3.1.1 Overview  

This prototype aims to demonstrate the feasibility of Gigabit/s bitrate in the physical layer. A description is 
shown in Figure 5: a PC is used to host a prototyping board and software pre and post processing. Main 
functionalities can be divided into three parts: 

·  An Analogue Front End board: a base band architecture will be used at the sampling frequency of 
200MHz. This board is configurable in Tx or Rx direction in a half duplex mode, meaning that Tx and 
Rx are not used simultaneously. It contains also Tx and Rx filters and programmable gain amplifiers. 

·  An FPGA board containing  

o A sample memory where Tx or Rx samples are stored and linked with software pre & post 
processing.  

o Automatic Gain Controller (AGC) used in Rx mode 

o Detection & synchronization used to trigger Rx signal start 
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·  Used components 

o The prototyping platform is a 7002k10MEG board from Dini Group combined with daughter 
cards. PAMELA is a daughter card and is the AFE board made by Spidcom that is connected 
to A0. 

o 7002k10MEG board includes an ALTERA StratixIV FPGA (EP4SE530F43C3ES). 
o StratixIV is used to prototype the Omega project. 
o The platform can be used standalone or connected to an host PC using USB. After poweron, 

7002K10 board is configured (StratixIV FPGA+clock frequency) using a compact flash card. 
Compact flash board can be rewritten using a USB peripheral connected to a PC. 

o When connected to the PC using USB, 7002K10 board could be also configured using DINI 
GROUP official software: “Dini Product USB controller”. 
 

·  Software pre & post processing (Matlab or C code) 

o In Tx mode, pre processing is used to convert bit stream into time domain signal which is 
stored into the sample memory 

o In Rx mode, post processing is used to decode data from the time domain samples coming 
from FPGA sample memory. 

o Some SPIDCOM TCL scripts could also be used to control the board (Reset, Enable FPGA 
communication with host PC) and to have RW access to an internal bus of the prototype. 

 

These prototypes combine a real-time part (AFE, FPGA boards) and a non-real-time part for the software pre 
and post processing. The partitioning envisaged between these two parts corresponds to what is shown in Figure 
5 but can be slightly modified depending on FPGA capacity. This gives an important flexibility in what can be 
demonstrated for the physical layer domain: several modulation schemes can be implemented and evaluated by 
changing software processing. 

 

Figure 5: phy demonstrator overview 

 
A picture of the prototype is shown in Figure 6. 
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Figure 6: phy demonstrator equipment 

 
 

3.1.2 Package of functions modelling a PHY system   

The ambition of this prototype is to propose a flexible framework for evaluation and comparison of different 
proposed PHY systems. A PHY system is modelled by a Matlab package of functions, expected to be inserted in 
the Software Pre and Post processing.  The different PHY system packages have to be interchangeable and must 
work in the same software platform. So the common format of PHY system packages will be defined.  

A PHY system package is composed of four Matlab functions whose interfaces are specified below. For 
readability, each function name should satisfy the format “Object_SystemName”, where “SystemName” is the 
name of the proposed PHY system and “Object” referred to the function object, e.g.  “Tx”, “Rx”, “BitLoading”.  

·  Tx_SystemName 

o Usage:              

              [TxSig , TxEncPacket] = Tx_SystemName (PLDPacket, PBSize, FECRate, ToneMask, 
ToneMap)        

o Description: 

              The transmission function defines the Tx signal from payload data bit stream. Physical 
Blocks (PB) are encoded and concatenated to give TxEncPacket.     

o Inputs :   

[PLDPacket]: A one-column vector of payload data bits. A packet is composed of a 
integer number of Physical Blocks (PB).  

[PBsize]:  A scalar indicating PB size. Admissible PB sizes are 136 octets and 520 octets.   

[FECRate]:  A scalar indicating the Forward Error Correction (FEC) coding rate. 
Admissible FEC rates are 16/21 and 1/2.     

 [ToneMask]: A one-column vector indicating (un)masked carriers. ToneMask(k) = 1 if 
carrier k is masked and 0 otherwise.  

[ToneMap]: A one-column vector whose k-th component is the number of bits to be 
mapped on carrier k.  

o Output :  
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[TxSig]: A one-column vector storing samples of Tx signal corresponding to the packet to 
be transmitted.       

[TxEncPacket]: A one-column vector representing FEC-encoded packet of data bits.  

·  Rx_SystemName 

o Usages:              

              [1] [RxDecPacket, RxEncPacket] = Rx_SystemName (RxSig, ToneMask, ToneMap, 
NPBs, PBSize, FECRate)        

              [2] [RxDecPacket, RxEncPacket] = Rx_SystemName (RxSig, ToneMask, ToneMap, 
NPBs,  PBSize, FECRate, Delta)        

o Description: 

              The reception function gives bits received packets of data bits before and after FEC 
decoding, using received signal.  

o Inputs :   

[RxSig]:  A one-column vector storing samples of received signal.  

[PBsize]:  A scalar indicating PB size. Admissible PB sizes are 136 octets and 520 octets.   

[FECRate]: A scalar indicating the Forward Error Correction (FEC) coding rate. 
Admissible FEC rates are 16/21 and 1/2.     

[ToneMask]: A one-column vector indicating (un)masked carriers. ToneMask(k) = 1 if 
carrier k is masked and 0 otherwise.  

[ToneMap]: A one-column vector whose k-th component is the number of bits to be 
mapped on carrier k.  

 [Delta] (Optional): A scalar variable indicating the Sampling Period Offset (SPO) of the 
receiver with regard to the emitter.  

o Output :  

[RxDecPacket]: A one-column vector representing received packet of data bits, after FEC 
decoding.  

[RxEncPacket]: A one-column vector representing received packet of data bits, before 
FEC decoding.   

·  BitLoading_SystemName  

o Usage:              

              [1] ToneMap = BitLoading_SystemName (RxSoundSig, ToneMask, ToneMap, NPBs, 
PBSize, FECRate, PBERMax)        

              [2] ToneMap = BitLoading_SystemName (RxSoundSig, ToneMask, ToneMap, NPBs, 
PBSize, FECRate, PBERMax, Delta)        

o Description: 

              This function aims at finding the best number of bits to be mapped on each carrier, which 
leads to a PB error rate (PBER) not exceeding a fixed maximum value.             

o Inputs :   

[RxSoundSig]:  One-column vector storing samples of received sound signal.  

[Delta] (Optional): A scalar variable indicating the Sampling Period Offset (SPO) of the 
receiver with regard to the emitter.  

[SoundPacket]:  A one-column vector of sound data bits emitted by RxSoundSig.  

[ToneMask]: A one-column vector indicating (un)masked carriers. ToneMask(k) = 1 if 
carrier k is masked and 0 otherwise.  

[PBsize]:  A scalar indicating PB size. Admissible PB sizes are 136 octets and 520 octets.   

[FECRate]: A scalar indicating the Forward Error Correction (FEC) coding rate. 
Admissible FEC rates are 16/21 and 1/2.     
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[PBERMax]: Maximum tolerated PBER.  

o Output :  

[ToneMap]: A one-column vector whose k-th component is the proposed best number of 
bits to be mapped on carrier k, satisfying a PBER not exceeding PBERMax.  

3.1.3 Typical tasks for simulation and evaluation of a PHY system 

Performances of a PHY system are evaluated in a basic point to point communication. Namely, as shown in 
Figure 7, two modems using the same PHY system, linked by a PLC channel are engaged, the first one 
configured in TX mode and the second one is configured in RX mode.  

 

Figure 7: PLC communication setup with phy layer prototype 

 

 

 

Two typical tasks are considered:  

·  Bit loading  

The transmitter sends sound signals corresponding to sound packets of data bits known by the 
receiver. Using the received sound signal from channel and the emitted packet of data bits, the 
receiver estimates the best number of bits to be mapped on each carrier, such that the PBER do not 
exceed a fixed tolerated threshold.  

In the bit loading configuration, the tone mask should be the default one (to be defined) and the 
tone map consists of a QPSK modulation for all unmasked carriers. Payload sound packets are 
generated using a pseudo-random generator with a fixed sound seed known by all PHY systems (to 
be defined. 

The different steps of the bit loading task are:  

1. MATLAB configures the Rx proto for detection, localization (symbol synchronization) 
and clock synchronization (sampling frequency alignment)  of the received sound signal 

2. Matlab prepare Tx signal and send the command for sending 

a. MATLAB generates payload sound packet of data bits.   

b. MATLAB generates the sound signal using the”Tx_SystemName” function.  

c. MATLAB configure the Tx proto for transmission of the sound signal over the 
channel.  

3. Signal is sent through the line 

4. Signal reception and post processing 

a. The Rx proto detects the received sound signal and stores its samples. 

b. MATLAB estimates the best tone map using the “BitLoading_SystemName” 
function.  

                            



ICT-213311, OMEGA                                                                                                                                                                 15 April 2011 

D3.7: PLC final evaluation results Page 15 (40) 

·  Performance measurements 

Using the tone map estimated in a bit loading phase, the transmitter sends signals corresponding to 
packets of data bits unknown by the receiver. The receiver decodes the received signal and gives 
decoded packets of data bits before and after FEC decoding. In this task, the measured 
performances are:  

�  BER before FEC decoding 

�  BER after  FEC decoding 

�  PBER after FEC decoding 

�  Bit Rate 

The different steps of the performance measurements task are:  

1. MATLAB configures the Rx proto for detection, localization (symbol synchronization) 
and clock synchronization (sampling frequency alignment)  of the received data signal 

2. Matlab prepare Tx signal and send the command for sending 

a. MATLAB generates payload packet of data bits.   

b. MATLAB generates the Tx signal using the ”Tx_SystemName” function.  

c. MATLAB configure the Tx proto for Tx signal transmission over the channel.  

3. Signal is sent through the line 

4. Signal reception and post processing 

a. The Rx proto detects the received signal and stores its samples.  

b. MATLAB decodes the received signal using the “Rx_SystemName” function.  

c. MATLAB computes performance measurements.  

                     

Bit loading and performance evaluation can be repeated for different levels of SNR and different types of 
channel   

 

4 PLC channel emulator 

To perform performance tests we want to emulate a real multipath PLC channel using the channel 
characterization done in Omega work �[5]. For this purpose a PLC channel emulator was developed to be able to 
take as an input the analogue PLC signal in the [0-100] MHz band, add PLC impairments (signal filtering by the 
multipath channel and additive noise) and output an analogue signal that will be the input of Rx PLC card 
(Figure below). 
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Figure 8: PLC channel emulator process 

 

The architecture of the channel emulator is described bellow in Figure 9. It is composed by an Analogue to 
Digital Converter working at 250 MHz, followed by a filtering process and a noise addition implemented in 
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FPGA at 250 MHz frequency. After PLC impairments addition, the resulting numerical signal is then converted 
to an analogue output signal using a 250 MHz Digital to Analogue Converter. 

 

MMI

DAC2ADC1 H(f) +

N(f)

FPGA

Virtex X5-400M Card 

@250 MHz @250 MHz

Input Analog Signal Output AnalogSignal

 

Figure 9: Channel emulator architecture 

 

This architecture consists of three main elements, an analog stage including a digital part embedded on a x5-
400m evalution card (see Figure 10), and a User Interface (UI), developed on PC in order to control noise and 
load transmission channels. 
 

  
Figure 10: x5-400m evaluation platform – Innovative Integration 

 
More technical specifications are: 

·  FPGA Virtex 5, 
·  Sampling: ADC 14 bits, fs = 400 MHz , DAC 16 bits, fs = 250 MHz, 
·  SMA 50 Ohm connectors, 
·  PCI express communication (UI, modules management), 
·  Integrated chassis 3U 8-Slot Smart PXI (see Figure 11). 

  
Figure 11: Chassis 3U 8-Slot Smart PXI 
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This channel emulator card is embedded in a PC that allows to setup by software the PLC noise environment. 
Before a test run, the channel emulator must be setup to select the type of PLC channel and the additive noise, 
using a graphical interface shown bellow.  

 

Host PC functions and the user interface (UI) are developed on Malibu and Microsoft Visual C++. Malibu is an 
Innovative Integration-authored component suite, which combines with the Microsoft Visual C++ compiler and 
IDE to support programming of Innovative hardware products under Windows. Malibu supports high-speed data 
streaming between the DSP and the Host PC, plus a wealth of Host functions to visualize and post-process data 
received from or to be sent to the target FPGA. 
 
The developed UI consists in the 4 main forms below: configure, setup, stream, and eeprom. 
 

 
 
In the configure form the target device is loaded and the stream is connected through the “Open” button. 
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In the setup from are fixed the emulation setup parameters: the sampling frequency origin and value, the 
enable/disable of the ADCs, the enable/disable of the synchronous impulsive noise, the white noise level, and the 
channel transfer function magnitude (original or rose to 0dB). 
 

 
 
In the stream form the emulation process is run or stopped. Are also given the white noise levels in dBm/Hz. 
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In the Eeprom form is realized the ADC calibration processes. 
 

 

 

Figure 12: Channel emulator graphical interface 
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After the setup phase, the channel emulator reproduces the 9 classes of channel developed within the Omega 
project and described in the deliverable �[5]. An exemple of channel transfer function is given in Figure 13 for a 
class 7 channel type. 
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Figure 13: Channel Transfer Function exemple (class 7) 

 

The following section describes the results obtained using this PLC channel emulator together with Tx and Rx 
PLC boards. 

5 Performance results 

We will focus on several aspects to evaluate the performances of the transmission: 

·  Estimated SNR per carrier: the SNR averaged on the several sound frames sent during the channel 
estimation. It is used as input for bit allocation algorithm. 

·  Calculated Tonemap: gives the number of bits allocated on each sub-carrier during the bit allocation 
process. The tonemap determines the output bitrate 

·  Input BER: BER at FEC input 

·  Output PBER: PB re emission ratio at FEC output, affects the bitrate. 

·  Output Bitrate: physical layer bitrate, in Mbps, it depends on the number of bits allocated, the FECrate, 
the PBER, and the symbol period. It is given by the formula: 

Bitrate = (NbAllocatedBits * FECrate * (1-PBER)) / Tsymb 

 

We will study the performance results in two different channel noise configurations: 

·  Constant noise level and variable attenuation with TX filter on 

·  Real PLC channel using channel emulator 

Figure 14 shows the setup of the test bench corresponding to the following steps: 
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1. Sound frames (or Data frames) are generated by software using MATLAB. 
2. The generated frames are sent to the TX proto for DAC @ 200MHz. 
3. The analog frames pass through either the attenuator or the PLC channel emulator. 
4. Then sent to the RX proto for ADC, detection, AGC and synchronisation. 
5. Then sent back to the computer for data analysis with MATLAB  (frequency domain DSP, BER calculation, 

Bitloading, figure display...) 
 

Data Data

Channel EmulatorPLC - Tx PLC - Rx

• Software processing
• Prototype control
• Display

1

5

432
 

Figure 14: test bench setup 

 

5.1 Transmit PSD 

The required value of the transmit power spectral density was depicted in Figure 1, where it is shown that the 
transmit PSD must not exceed the value of -55 dBm/Hz quasi-peak in the [0-30] MHz band, which correspond to 
a value of -62 dBm/Hz RMS and of a value of -92 dBm/Hz in the [30-100] MHz band. Figure 15 shows the 
effective PSD obtained with a spectrum analyser measurement with RMS settings. We can see that the transmit 
signal PSD is under the regulatory limit: about 5 dB lower. Note that this 5 dB margin has to be taken because of 
the maximum signal value accepted at the channel emulator input for saturation level matters. 

We can see the presence of the 30 dB step between high and low band and also the notches in the [0-30] MHz 
band. The frequency mask effectively uses [2-28] MHz band with 917 switched on carriers in the low band and 
[30-87] MHz band in the high band, the FM band being switched off. 
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30 dB step -97.38 dBm/Hz

PSD limit : -62 dBm/Hz in [0-30] MHz

 

Figure 15: Measured transmit power spectral density 

 

 

5.2 Constant Noise + variable attenuation with TX filter on 

In this setup we attenuate the TX signal using a set of attenuators, and add a constant -140dBm/Hz AWGN to the 
attenuated signal using a signal generator. 

5.2.1 0dB attenuation 

The next figure shows the SNR per carrier in dB, averaged on the sound frames sent for channel estimation. 
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SNRdB per carrier 

SNR is between 40 and 50dB in the low band (0-30MHz i.e. carrier 1-1200), and between 22 and 35dB on the 
high band (30-100MHz i.e. carrier 1200-4096) 
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This SNR is used as input of our bitloading algorithm. We generate two tonemaps, one OMEGA tonemap and 
one HPAV tonemap to compare the obtained bitrate. 

 
OMEGA & HPAV tonemaps 

HPAV tonemap is at its maximum: 10 bits allocated (1024QAM) on every sub-carrier 

OMEGA tonemap is at its maximum on the low band , 14 bits allocated (16kQAM) on every subcarrier. On the 
high band, repartition of 8,10 and 12 bits modulation (256QAM, 1024QAM and 4096QAM). 

On the next figure, we see the evolution of the BER/PBER on the first 3 frames 

 

BER & PBER on the first 3 frames 

We respect the BER target of 2.6% (BER in = 2.7%), we have a 7.7% PBER 
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On the next figure we see the evolution of the bitrate on the first 3 frames 

 

Bitrate on the first 3 frames 

 

·  OMEGA output bitrate:  

37742 allocated bits with code rate 16/21  

Achieved bitrate of 570.6Mbps (including retransmission) 

·  HPAV output bitrate: 

 9170 allocated bits with code rate 16/21 

Achieved bitrate of  150.2Mbps (maximum HPAV bitrate) 
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5.2.2 20dB attenuation 

 

 
SNRdB per carrier 

SNR is between 40 and 45dB in the low band (0-30MHz i.e. carrier 1-1200), and between 17 and 25dB on the 
high band (30-100MHz i.e. carrier 1200-4096) 
 

 
OMEGA & HPAV tonemaps 

HPAV tonemap is at its maximum: 10 bits allocated (1024QAM) on every sub-carrier 

OMEGA tonemap is at its maximum on the low band , 14 bits allocated (16kQAM) on every subcarrier. On the 
high band, repartition of 6,8 and 10 bits modulation (64QAM, 256QAM and 1024QAM). 

 
 



ICT-213311, OMEGA                                                                                                                                                                 15 April 2011 

D3.7: PLC final evaluation results Page 27 (40) 

·  OMEGA output bitrate:  

31720 allocated bits with code rate 16/21  

Achieved bitrate of 513.6Mbps (including retransmission) 

·  HPAV output bitrate: 

 9170 allocated bits with code rate 16/21 

Achieved bitrate of  150.2Mbps (maximum HPAV bitrate) 
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5.2.3 40dB attenuation 

 

SNRdB per carrier 

SNR is between 25 and 28dB in the low band (0-30MHz i.e. carrier 1-1200), and between -5 and 7dB on the 
high band (30-100MHz i.e. carrier 1200-4096) 
 

 

OMEGA & HPAV tonemaps 

HPAV tonemap is a repartition of 256QAM and 1024QAM 

OMEGA tonemap is a repartition of  256QAM and 1024QAM on the low band. On the high band, repartition of 
BPSK and QPSK modulations. 

 



ICT-213311, OMEGA                                                                                                                                                                 15 April 2011 

D3.7: PLC final evaluation results Page 29 (40) 

·  OMEGA output bitrate:  

10935 allocated bits with code rate 16/21  

Achieved bitrate of 179.1Mbps (including retransmission) 

·  HPAV output bitrate: 

 7670 allocated bits with code rate 16/21 

Achieved bitrate of  125.6Mbps 

 

Here is an overview of the achieved bitrate versus attenuation: 

 

OMEGA & HPAV bitrate 
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5.3 Emulated PLC channel 

In this part we use the PLC channel emulator between the TX and RX prototypes. We tested all channnesl 
between channel 3 and channel 9 included. The PLC channel emulator white noise is enabled at a level of -
140dBm/Hz. 

5.3.1 Channel 3 

 

SNRdB per carrier 

 
OMEGA & HPAV tonemaps 

 
·  OMEGA output bitrate:  

5757 allocated bits with code rate 16/21  

Achieved bitrate of 94.3Mbps (including retransmission) 

·  HPAV output bitrate: 

 5163 allocated bits with code rate 16/21 

Achieved bitrate of  84.6Mbps 
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5.3.2 Channel 4 

 

SNRdB per carrier 

 
OMEGA & HPAV Tonemaps 

·  OMEGA output bitrate:  

10273 allocated bits with code rate 16/21  

Achieved bitrate of 162.5Mbps (including retransmission) 

·  HPAV output bitrate:  

8401 allocated bits with code rate 16/21 

Achieved bitrate of  137.6Mbps 
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5.3.3 Channel 5 

 

SNRdB per carrier 

 
OMEGA & HPAV tonemaps 

·  OMEGA output bitrate:  

11570 allocated bits with code rate 16/21  

Achieved bitrate of 187.7Mbps (including retransmission) 

·  HPAV output bitrate:  

8553 allocated bits with code rate 16/21 

Achieved bitrate of  140.1Mbps 
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5.3.4 Channel 6 

 

SNRdB per carrier 

 
·  OMEGA output bitrate:  

13826 allocated bits with code rate 16/21  

Achieved bitrate of 226.4Mbps (including retransmission) 

·  HPAV output bitrate:  

9085 allocated bits with code rate 16/21 

Achieved bitrate of 148.8Mbps 
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5.3.5 Channel 7 

 

SNRdB per carrier 

 
OMEGA & HPAV tonemaps 

·  OMEGA output bitrate:  

13826 allocated bits with code rate 16/21  

Achieved bitrate of 304.7Mbps (including retransmission) 

·  HPAV output bitrate:  

9085 allocated bits with code rate 16/21 

Achieved bitrate of 149.8Mbps 
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5.3.6 Channel 8 

 

SNRdB per carrier 

 
OMEGA & HPAV tonemaps 

·  OMEGA output bitrate:  

22973 allocated bits with code rate 16/21  

Achieved bitrate of 376.3Mbps (including retransmission) 

·  HPAV output bitrate:  

9130 allocated bits with code rate 16/21 

Achieved bitrate of 149.5Mbps 
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5.3.7 Channel 9 

 

SNRdB per carrier 

 
OMEGA & HPAV tonemaps 

·  OMEGA output bitrate:  

22040 allocated bits with code rate 16/21  

Achieved bitrate of 355.1Mbps (including retransmission) 

·  HPAV output bitrate:  

9170 allocated bits with code rate 16/21 

Achieved bitrate of 150.2Mbps (maximum HPAV bitrate) 
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We can see in this last figure that the bitrate improvement obtained with Omega PLC boards are very significant 
for channel classes 5 to 9, which represents in practice more than  50% of the PLC channels, with in particular 
100% improvement for channel class 7. However, transmit PSD level is very conservative due to implementation 
limitation, we can estimate that real improvements of Omega PLC products will be much more important than 
what is shown here. 
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6 Cost estimation 

In this section, we verify that choices made during the Omega project do not impact the cost of an 
implementation to the extent that it will prevent or limit its possible adoption. Complexity/cost are given 
relatively to HomePlug AV chipset currently available from several providers.  

Costs of prototypes provide some hints but are not relevant for volume manufacturing 

6.1 Analog Front End 

As detailed in section 3, the AFE mainly consists in filters, A/D and D/A converters and PGA.  

Main requirements for Omega technology are relative to data converters, requiring a 200 MHz sampling 
frequency and around 12 bits resolution (compared to 75 MHz and 10 bits for a typical HomePlug AV 
implementation). 

AFE prototype boards were built using separate components, at a cost around 3 times higher than an equivalent 
HomePlugAV board. This demonstrates the feasibility and mainly reflects the absence of a more integrated 
device. 

Integration on today silicon technology is possible and performances are achievable without need for exotic 
technology or costly calibration process.  

As a consequence, we estimate that the cost of an Omega AFE is very similar to the cost of an HomePlug AFE. 

6.1 Digital part 

Again, with respect to the bloc diagram of section 3, the complexity of implementation for an Omega chipset is 
higher than the one for an HomePlugAV chipset. This increase in complexity is due to three main factors : 

·  Higher bandwidth (100 MHz for Omega technology versus 75 MHz for Homeplug AV) and higher 
number of carriers (4096 versus 1536) 

·  Higher throughput to be supported: maximum bit-rate is around 800 Mbps at physical layer for Omega 
technology versus 150 Mbps for Homeplug AV 

·  Higher SNR that can be exploited 

Estimation of the complexity increase is roughly around 80%. Progress in silicon technology, now allows 
implementing more logic at a lower price so that the complexity increase of the digital part can easily be 
absorbed. 

 

As a consequence, analog and digital components analysis shows that a future Omega-PLC chipset is feasible at 
a competitive price. This result was recently discussed and agreed into ongoing Homeplug AV 2 standard that 
led to the same conclusions and the same physical layer parameters definition (e.g. bandwidth, inter-carrier 
spacing). 
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7 Conclusion  

In this document, the Omega PLC demonstration and the results obtained with it were presented. Demonstration 
is composed by two parts: the PLC transmitter-receiver boards and the channel emulator, both of them using the 
results that were obtained by the PLC work package during Omega project. 

The PLC transmitter-receiver boards were described, showing the analog front end part that fulfil the PSD limit 
as it was defined in Omega deliverable D3.3 �[6], showing that transmitted signal will satisfy regulation 
constraints. Physical layer uses OFDM modulation with the same carrier spacing than HomePlug  AV and 1901 
standard �[7], �[3] with an extension to [0-86] MHz band, which guaranty backward compatibility to these 
standards. Cost estimation led to a global increase of the chipset price of about two times the price of today PLC 
chips, but if we anticipate a techno shrink and an integration of ADC and DAC, it gives a final price comparable 
to existing PLC products.  

Today, a new HomePlug  AV2 standard is under construction (first draft planned for June 2011). From what we 
see at the moment, the physical layer developed in this working group is mainly the same than the one which is 
described in this document and used for this PLC demonstrator.  

The PLC channel emulator that was developed for demonstration uses the channel characterization studies done 
presented in �[5] and allows to be connected to the two PLC boards to emulate a PLC communication through 
realistic PLC channels. 

Finally, the performance results presented in this document show significant bitrate improvement, but limited by 
the fact that the transmit power has to be reduced by 6 dB due to channel emulator input level limitation. 
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