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Outline 

• Introduction to  Visible Light Communications (VLC) 
and applications 

• Signal processing for VLC and the role of the 
reconfigurable photodetector 

• Transmit precoding (TPC) schemes based on Channel 
State Information (CSI)  for VLC 

• Blind Interference Alignment (BIA) for VLC 

• Conclusions 
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Why using Optical Spectrum? 

• Lots of available Unlicensed bandwidth 

• No interference with radio-frequency systems 

• Confined coverage over a small area - security 

• Good public acceptance 
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Not new: optical telegraph in 1792 … 
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Why now? LED lighting 
• Increasingly more extended and inexpensive 

• UE has banned the production of halogen lamps 

• Considerable reduction of the energy consumption 

 

 

 

 

 

 

 

• Reuse of lighting energy to provide communications 

• Affordable infrastructure often already deployed 

The increasing use if 
LED lighting 
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Applications 

• Device to device 

• Home / Office connectivity 

• Indoor localization 

• Street lamps 

• Vehicle to vehicle 

• Submarine communications  

• … 
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Standardization framework 
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Bandwidth of the LED technology 

• LED technology is the limiting factor for high-speed VLC 
communications 

LED/OLED Precoding Postcoding Modulation Bandwidth Rate (BER) 

White light LED - - OOK - PAM 2 MHz 
10 Mb/s 
(BER<10-6) 

White light LED RC - OOK - PAM 25 MHz 
40 Mb/s 
(BER<10-6) 

Blue light LED RC - OOK- PAM 45 MHz 
80 Mb/s 
(BER<10-6) 

Blue light LED - RC OOK-PAM 50 MHz 
80 Mb/s 
(BER<10-6) 

Blue light LED - - DMT-QAM 80 MHz  
1 Gb/s 
(BER<10-6) 

Blue light OLED - ZFE OOK-PAM 90 KHz 550 Kb/seg 
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Can we improve it with Signal Processing? 

• Multiple sources of lighting 

• Multi-user systems  

¿Can we implement the 

well-known schemes for 

achieving multiplexing 

gain?  

Zero-Forcing, MMSE, 

Interference Alignment… 

MIMO system 
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For the MIMO processing we need … 

• Coordination by a central control unit  

• Channel estimation, management of pilot transmission 

• Computation of the precoding matrix 

• Distribution of the precoder or precoded symbols /transmit signal 
to each transmitter 

• Backhaul links 

 

 

• Precoders: Non-negativity of the transmitted signal  

Rate Noise Complexity Cost 

Ethernet High Low Medium $$ 

PLC Medium High Low $ 

Fiber Very high Very low High $$$$ 

This is all achievable! 
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Correlation of the optical channel  

• Nearby photodiodes provide highly correlated 
channels 

• Nearby users obtain considerably correlated channel 

• Symmetrically placed users can have correlated 
channels 

Correlation of the channel matrix impacts on 

the efficiency of the precoding schemes 
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Reconfigurable photodetector 
• Multiple photodiodes providing distinct channel 

responses 
• Set of photodiodes connected to a single signal processing 

chain 

 

 

 

 

• Ca 

 

• Each photodiode provides a linearly independent channel 
response 

M. Morales-Céspedes, M. C. Paredes-Paredes, A. García Armada and L. Vandendorpe, "Aligning the Light 

Without Channel State Information for Visible Light Communications," in IEEE Journal on Selected Areas in 

Communications, vol. 36, no. 1, pp. 91-105, Jan. 2018. 
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Geometry 
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Possible geometries of the 
reconfigurable photodetector 
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Pyramidal / polyhedral distribution Hemispherical distribution 
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Optimized Zero Forcing precoder 

15 

Taesang Yoo and A. Goldsmith, "On the optimality of multiantenna broadcast scheduling using 

zero-forcing beamforming," in IEEE Journal on Selected Areas in Communications, vol. 24, 

no. 3, pp. 528-541, March 2006. 

Similar to multi-user scheduling to approach DPC capacity 
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Achievable sum-rate 
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ZF 
approaches 
DPC 

Máximo Morales-Cespedes, Ana García Armada, “On the Optimality of Multiple 

Photodiode Receivers Using Precoding Schemes for Visible Light Communications”, 

Global LiFi Congress, Paris, France, February 2018. 
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Variable ROA photodetector 
• Reconfigurable photodetector divides the area of 

detection in N small sections 

• Using a single small photodiode involves to underuse 
N-1 photodiodes 

• Solution. Variable Receiving Orientation Angle 
(vROA) 

• Giroscope +  servo-motor 

• Number of modes → Accuracy 

• Polar accuracy 

• Azimuthal accuracy 

• Number of modes: 

𝑁𝜈 =
360∘

Δ𝛼

180∘

Δ𝜃
 

Δ𝛼 

Δ𝜃 
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vROA just needs small accuracy 

Máximo Morales Céspedes, Ana García Armada, “Variable orientation photodiodes to 

approach capacity in MIMO VLC“, IEEE Communication Theory Workshop, Miramar 

Beach, FL, USA, May 2018. 
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Blind Interference Alignment (BIA) 
• Proposed in 2011 to avoid the need of CSIT 

• Exploits coherence blocks generated with 
reconfigurable antennas (RF) 

 

 

 

 

 

• Can we do the same in VLC? High SNR and Non-
negativity of the precoders granted 
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1 2 3 

User 1 h[1](1) h[1](2) h[1](1) 

User 2 h[2](1) h[2](1) h[2](2) 

M. Morales Céspedes, J. Plata-Chaves, D. Toumpakaris, S. A. Jafar, Ana García Armada, 

“Cognitive Blind Interference Alignment for Macro-Femto Networks”, IEEE Transactions on 

Signal Processing, vol. 65, no. 19, pp. 5121- 5136, October 2017. 
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Comparison BIA vs CSIT 

BIA CSIT-based 

CSIT: B. Li, J. Wang, R. Zhang, H. Shen, C. Zhao, and L. Hanzo, “Multiuser miso transceiver 

design for indoor downlink visible light communication under per-led optical power 

constraints,” IEEE Photonics Journal, vol. 7, no. 4, pp. 115,Aug 2015.  

M. Morales-Céspedes, M. C. Paredes-Paredes, A. García Armada and L. Vandendorpe, 

"Aligning the Light Without Channel State Information for Visible Light Communications," in 

IEEE Journal on Selected Areas in Communications, vol. 36, no. 1, pp. 91-105, Jan. 2018. 

Smaller peak throughput but higher fairness 
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Diversity: C. Chen, D. A. Basnayaka, and H. Haas, “Downlink performance of optical attocell 

networks,” Journal of Lightwave Technology, vol. 34, no. 1, pp. 137–156, Jan 2016.  

M. Morales-Céspedes, M. C. Paredes-Paredes, A. García Armada and L. Vandendorpe, 

"Aligning the Light Without Channel State Information for Visible Light Communications," 

in IEEE Journal on Selected Areas in Communications, vol. 36, no. 1, pp. 91-105, Jan. 2018. 

BIA Diversity 

Comparison BIA vs Diversity 

More uniform coverage 
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Conclusions 

• MIMO precoding schemes for VLC 

• With or without CSIT (large coherence period) 

• Non-negativity of the transmitted signal  

• Backhaul links 

• Channel correlation … 

• Management of the correlation  
• Reconfigurable and variable ROA photodectors 

• Considerable improvement of the performance of precoding 
schemes for VLC (ZF, BIA) 

• Massive MIMO for VLC subject to the density of 
light sources … 
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ACK: Máximo Morales Céspedes and the other co-authors 

Please check our new MSC ITN with open PhD positions! 
“New RAN TEchniques for 5G UltrA-dense Mobile networks” 
http://teamup5g.webs.tsc.uc3m.es/  
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