
 

Discrete multitone for novel application areas of optical
communications
Citation for published version (APA):
Lee, S. C. J., Walewski, J., Randel, S., Breyer, F., Boom, van den, H. P. A., & Koonen, A. M. J. (2008). Discrete
multitone for novel application areas of optical communications. In Digest of the IEEE/LEOS Summer Topical
Meetings, 21-23 July 2008, Acapulco, Mexico (pp. 163-164). Institute of Electrical and Electronics Engineers.
https://doi.org/10.1109/LEOSST.2008.4590540

DOI:
10.1109/LEOSST.2008.4590540

Document status and date:
Published: 01/01/2008

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 24. May. 2023

https://doi.org/10.1109/LEOSST.2008.4590540
https://doi.org/10.1109/LEOSST.2008.4590540
https://research.tue.nl/en/publications/86c0bd5c-b54f-48a9-a997-7c4aa372b06d


Discrete Multitone for Novel Application Areas of 
Optical Communications 

 
S. C. J. Lee1, J. W. Walewski2, S. Randel2, F. Breyer3, H.P.A. van den Boom1, A. M. J. Koonen1 

(1) COBRA Research Institute, Technical University of Eindhoven, P.O. Box 513, 5600 MB, Eindhoven, the Netherlands. 
(2) Siemens AG, Corporate Technology, Information & Communications, Otto-Hahn-Ring 6, 81739, Munich, Germany. 

(3) Institute for Communications Engineering, Technische Universität München, Arcisstrasse 21, 80290, Munich, Germany. 
 

 
Abstract-Discrete multitone (DMT) is a spectral-efficient 

multicarrier modulation technique, derived from the more 
general orthogonal frequency division multiplexing. In this paper, 
the use of DMT in novel optical communication applications such 
as wireless visible light communication and plastic optical fiber 
links is presented and discussed. 

I. INTRODUCTION 

Short-range optical data transmission is gaining more and 
more interest in fast-growing markets such as industry 
automation, in-car communication, and home networking. Two 
promising technologies are wireless visible light 
communication (VLC) [1] and 1-mm step-index plastic optical 
fibers (POF) [2,3]. For both technologies, the use of light-
emitting diodes (LED) is preferred above laser diodes, due to 
advantages such as lower cost, relaxed eye-safety regulations, 
high reliability and robustness, longer lifetime, and less 
sensitivity to temperature variations. However, the use of 
LEDs introduces a major disadvantage: low bandwidth. 

By use of DMT, it has been shown that such bandwidth 
limitations can be overcome [1-4], resulting in data 
transmission rates of up to four times the system’s -3dB 
bandwidth. Widespread adoption in wireless local area 
networks (WiFi), digital terrestrial video broadcasting 
(DVB-T), and digital subscriber lines (xDSL) proves that it can 
be realized for mass-markets at low-costs. 

As white-light LEDs are expected to become a major player 
in the future lighting market due to their high efficiency and 
long lifetime, VLC using such LED lamps can be envisaged. 
The main advantages would be low investment and 
maintenance costs due to the dual-use scenario of illumination 
and data transmission (see Fig. 1), virtually zero interference 
with radio-frequency wireless communication systems, and the 
potential to spatially recycle the modulation bandwidth in pico 
and femto-cells. 

Figure 1. Dual-use scenario of a white-light LED lamp for both illumination 
and data transmission. 

 
Figure 2. Experimental setup for visible light communication and POF 

transmission. DAC: Digital-to-analog converter; PD: Si-photodiode with 
transimpedance amplifier; ADC: Analog-to-digital converter. 

 
In the case of POF, benefits such as robustness to 

electromagnetic interference and mechanical stress, ease of 
installation and connection, low weight, as well as low price 
have already established its use in industry automation and 
automobile networks. Further research should enable Gigabit 
Ethernet transmission using conventional LEDs for POF [3]. 
 

II. EXPERIMENTAL RESULTS 

A. Visible Light Communication using White-LED Lamp 
In [1], we presented first experimental results of VLC using 

a single white-light LED. In the experiment, 100-Mbit/s 
transmission was achieved by a combination of blue optical 
filtering (passband 300-500 nm) and DMT modulation. In this 
paper, further investigations have been carried out using a LED 
lamp, consisting of an array of 20 white-light LEDs. 

Fig. 2 shows a schematic representation of the experimental 
setup. An arbitrary waveform generator (ARB) is used to 
output a software-generated, random DMT sequence consisting 
of 32 subcarriers. After addition of a DC-bias, this electrical 
signal is used to directly modulate the LED lamp. A 
photodetector (1-mm active diameter, blue optical filter [1]), 
equipped with a coupling lens, is placed at a distance of 0.75 m 
from the transmitting LED lamp. The illuminance at the 
photodetector, measured before the coupling lens and optical 
filter, is approximately 200 lux. This value lies at the bottom 
range of 200-800 lux for office areas, stipulated by standard [5]. 
The received electrical DMT signal from the photodetector is 
then captured by a digital storage oscilloscope  
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Figure 3. Measurement results for white-light LED lamp (20 LEDs) at a 
distance of 0.75 m. (a) Received electrical DMT signal spectrum. (b) Allocated 

number of bits per subcarrier. (c) Evaluated BER per subcarrier, no errors 
detected for subcarriers w/o dots. (d) Received constellations of all subcarriers. 

(DSO) and demodulated using offline processing. The 
sampling rates of the ARB and DSO are both set at 100 MS/s 
(4x oversampling), equaling a transmission rate of 90 Mbit/s. 
After deduction of 6.25 % of cyclic prefix, 5 % of pilot 
symbols, and 7 % of forward error correction (FEC) overhead, 
the net transmission rate equals 74 Mbit/s. 

The measurement results are depicted in Fig. 3. In Fig. 3a, 
the received DMT signal spectrum is shown. It can be seen that 
the signal bandwidth is 25 MHz. The -3dB bandwidth of the 
entire transmission system is 12 MHz. Fig. 3b depicts the 
allocated number of bits per subcarrier, as a result of adaptive 
constellation mapping. This method adapts the constellation 
size of each subcarrier to the signal-to-noise ratio at the 
corresponding subcarrier frequency, thereby maximizing 
system throughput. Fig. 3c shows the BER results per 
subcarrier. Because serial data is transmitted in parallel using 
subcarriers with DMT, the total BER of the received data 
should be averaged from all subcarriers used and is calculated 
to be 4.5 · 10-4. By employing FEC coding, error-free 
transmission can be achieved. Finally, the received 
constellation diagrams are shown in Fig. 3d. In this case, 
constellations ranging from 4 to 128-QAM are used. 

B. Plastic Optical Fiber Communication using Red LED 
By using the same setup as depicted in Fig. 2 and replacing 

the white-light LED lamp and photodetector (including 
coupling lens) with a 650-nm resonant-cavity LED and a 
higher-bandwidth photodetector (0.8-mm active diameter, no 
coupling lens), the performance of DMT transmission over a 
50-m POF link has been investigated. It should be noted that 
the POF was cut to the desired length with a simple razor blade 
and coupled to the LED without any polishing. 

Figure 4. Measurement results for 50-m POF link using a red LED. (a) 
Transmitted and received electrical DMT spectra together with applied 

adaptive constellation mapping. (b) Evaluated BER per subcarrier. 

The ARB and DSO sampling rates in the measurement setup 
are now set to 1 GS/s, enabling a total DMT transmission rate 
of 1106 Mbit/s. After deduction of 3.125 % of cyclic prefix, 
1 % of pilot symbols, and 7 % of FEC overhead, the net 
transmission rate equals 993 Mbit/s. Further measurement 
details are discussed in [3]. 

 The main results of this measurement are shown in Fig. 4. It 
can be seen that although the -3dB bandwidth of the 
LED-based system with 50 m of POF is about 50 MHz (see 
Fig. 4a), 1-Gbit/s transmission can nevertheless be realized 
using DMT. Fig. 4b depicts the measured BER per subcarrier, 
after transmission over 50 m of POF. The total averaged BER 
(before FEC coding) is calculated to be 4 · 10-4. 
 

III. CONCLUSIONS 

We have experimentally demonstrated 90-Mbit/s wireless 
visible light transmission over a distance of 0.75 m using a 
white-light LED lamp and 1-Gbit/s transmission over 50 m of 
POF using a red LED. The combination of DMT with optical 
transmission proves to be an interesting solution, leading to 
fully adaptive, robust, and low-cost optical communication 
systems for the mass-market, based on commercial LEDs. 
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