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1. Introduction
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 Infrared (IR) optical communication is a good candidate for indoor 
wireless communications: 

 large bandwidth available
 confined to the room where they are operated: advantage for secure 

communications
 less influence on the human body than RF technologies

 We are involved in the Aircraft Light Communication (ALC) Cleansky2 
H2020 project:

Goal: design of a secured and performant wireless connection based 
on light (LiFi) for Electronic Flight Bag (EFB), headset and other pilot 
connected devices.
Need for a flexible IR transceiver to help for the design of efficient 
transmission schemes

Software Defined Radio provides great flexibility for 
evaluating different optical wireless schemes. We therefore 
decided to design infrared optical front-ends for Ettus USRP 
radios. 
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2. Design of 10MHz IR frontends for USRP radios
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Design choices

 A transmission bandwidth of 10MHz
 An IR link works in baseband with 0Hz (LED and Photodiode perform
up/down conversion to the IR wavelength)
 LFTX and LFRX daugtherboards cover these needs

 0-30MHz bandwidth
 83€ 
 An USRP N210 can be fitted by 1 LFTX and 1 LFRX (full duplex)
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The transmitter

 An infrared LED is current-driven

 LFTX voltage output (-1/+1V) has to be converted to 0-100mA
Classical voltage to current converter structure with an high speed, high 

current operational amplifier (op amp)
Only 6V output from USRP is able to source this current.
An IR LED has a forward voltage of 1.7V thus we can connect up to 3 

LEDs in series
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The transmitter

 Schematic and designed board
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The receiver

 A PIN photodiode is used

Converts light energy into a current
A very low current (10uA) has to be converted to voltage
 The classical circuit is built around a Transimpedance Amplifier (TIA)
 There are specific op amps for this application (expensive  10€)

 Low input bias currents (JFET preamplifiers)
 Very high gain-product bandwidth (typically over 1GHz)
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The receiver

 Using Analog Devices online Wizard:

 Extreme care has to be taken when routing the design (751fF, smd)
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The receiver

 Reducing costs:

 HF JFET transistor in front of a classical op amp (less than 1€)
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IR car audio entertainment system

 Stereo audio signal on two FM modulated carrier frequencies at 
2.3MHz and 2.8MHz
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IR car audio entertainment system
 Inside the headphones (10€ on the Internet):



3. Demonstration: IR car audio transmission system

10

IR car audio entertainment system
 GNU Radio flowgraph:
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 Ettus Research offers a large range of RF 
daugtherboards

 However the daughterboard interface is quite generic
 easy to develop a custom board

This permits to enter the GNU Radio world and its
huge range of librairies

Our IR boards cost less than 50€. 

Future work: design of a configurable AGC for the IR 
receiver.
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