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Abstract: We propose novel generation technique of IR-UWB pulse by linearly combining two 

monocycles using different pulse shapes. We experimentally demonstrate DSP based BER 

measurement of 2 Gbps IR-UWB over multimode fiber for in-building networks application. 
©2010 Optical Society of America  
OCIS codes: (060.4510) Optical communications; (060.5625) Radio frequency photonics. 

 

1. Introduction 

Ultra-wideband has been indicated as one of the most promising techniques to be used for next generation 

short-range broadband wireless communications and sensor networks. The growing interest in this technique is due 

to its low transmission power, tolerance to multipath fading, low probability of interception, and capability of 

passing through walls while maintaining communication [1]. Due to the low power density -41.3 dBm/MHz in the 

frequency band of 3.1-10.6 GHz regulated by the US Federal Communications Commission (FCC), the 

communication distances are limited, typically extending less than 10 meters. To increase the area of coverage, 

UWB signals should be distributed over wired lines such as coaxial cable or optical fiber. Thanks to the low loss and 

broad bandwidth of state-of-the-art fiber, the distribution of UWB signals over optical fiber, or UWB-over-fiber, is 

considered a promising solution [2]. 

In this paper, we experimentally demonstrate a novel and simple approach to generate fully FCC compliant 

2 Gbps impulse radio ultra wideband (IR-UWB) transmission using direct modulation of an optical signal, which is 

adequate for 1920× 1080i× 18bpp × 60Hz uncompressed video transmission [1]. Our IR-UWB pulses are generated 

based on the concept of linear combination of two first order derivatives of a Gaussian pulses (or monocycles) with 

different pulse shaping factor. The generated pulse is then transmitted over 4.4 km multi-mode fiber (MMF) for 

in-building network applications. Finally, transmission system performance evaluation based on bit error 

measurement (BER) is performed using digital signal processing (DSP) in a bit-for-bit comparison between the 

transmitted and received signals. We acknowledge the support of the EU program FP7 ICT-ALPHA project in this 

work. 

2. Mathematical Signal Model and Simulation Results 

We consider a weighted sum of two first-order derivatives of Gaussian pulses called monocycles using different 

pulse-shaping values of σ11 and σ12. The weighted sum value yws1(t) is given by  

),(),()( 1212121111111 σσ txatxatyws +=               

where x1i(t,σ1i) is the first order derivatives of Gaussian pulses, expressed by [3]:  
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with i = 1, 2  and  σ11 = 49 ps, σ12 = 48 ps, 11a =0.268 and 12a =-0.5  are the parameters used for our experiment. The 

Fourier transform of yws1(t) is given by 
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The simulation result of each monocycle pulse is shown in the Fig.1a.  The resulted pulse after linear 

combinations of the pulses with their appropriate weighting coefficient is depicted in Fig.1b and its corresponding 

spectral density compared with FCC mask is shown in Fig. 1c.  According to our simulation result shown in Fig. 1c, 

we observe that the newly designed IR-UWB pulse can fit the FCC-mask better than the conventional monocycle 

and doublet pulses even in the most severely power-restricted band from 0.96 GHz to 1.61 GHz. Furthermore, the 

approach avoids the requirement of higher order derivative of Gaussian pulses such as the fifth-order derivative 

recommended by [3]. Hence, the novelty of our approach lies in using low-order derivative of Gaussian pulses, 

which can reduce the complexity and cost of the system and also efficiently fits the FCC mask requirements. Due to 

the sidelobes created in the basic shape of the monocycle, our pulse has more zero crossing compared to the 

conventional monocycle and doublet pulse, which moves the energy of the pulse to higher frequency ranges with 

similar effect as higher derivatives of Gaussian pulse. Furthermore, our IR-UWB is efficient for transmission using 

antenna systems because most of the energy lies in higher frequency band. 

 

 

 

 

 

 

 

 

 

 

 

 

3. Experimental Setup 

Based on the above principle, an experiment setup is shown in Fig.2. The PRBS of 2
13

-1  data from PRBS generator 

block, IR-UWB pulse from pulse shaper block and on-off modulation process have been constructed off-line and 

then the modulated pulse is sent to the arbitrary waveform generator (AWG) running at 24 GSamples/s. The 

generated electrical IR-UWB signal output from AWG modulates a DFB laser at 1302.56 nm wavelength, which is 

the zero dispersion region of the fiber. We choose direct modulation in order to be cost effective for in-building 

network application. Then the  modulated optical signal was transmitted over 4.4-km MMF and detected by a 

25 GHz photo-detector (PD). A lower bandwidth photo-detector (~10 GHz) can be used here without significant 

signal degradation. A real-time Digital Phosphor Oscilloscope (DPO) running at a sampling rate of 25 GSamples/s is 

used to measure the time-domain waveform and collect data for offline processing for demodulation and BER 

measurements. Finally, an RF spectrum analyzer to present the electrical spectrum of our pulse and compare it to the 

FCC mask requirement.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Experimental Results and Discussions 

Several modulation formats can be used for IR-UWB [4], however for simplicity and low-cost  reason we use on-off 

keying (OOK) of PRBS 2
13

-1 pattern length. Fig. 3a  shows part of the transmitted data taken during the optical  

back to back measurement and clearly shows the on-off keying modulation of a binary sequence of 8 bits “0 1 1 1 0 

1 0 0”. The spectrum of our generated IR-UWB is fully compatible with FCC mask, which has a central frequency 

 
Fig. 1a: Monocycle pulses                                        
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Fig. 1b: Designed IR-UWB pulse              
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Fig. 1c: Spectrum of designed IR-UWB 

and FCC mask 
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Fig. 2: Experimental setup 
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of 5.63 GHz and a 10-dB bandwidth of 6.36 GHz is shown in Fig.3b. Due to the on-off keying modulation scheme, 

the spectrum shows discrete spectral line called comb lines where the spacing between each comb lines is 2 GHz  

which exactly equal to the bit-rate of the transmission system. The envelope of the spectral lines corresponds to 

spectrum of our IR-UWB pulse and their peak power spectral density (PSD) must reamin below the FCC mask in 

order to avoid interfernce to other operating wireless systems, which finally can limit the total transmitted power. 

After 4.4-km MMF transmission, the time-domain waveform is shown in Fig. 3c. The result clearly shows no 

significant distortion of the pulse other than reduction in amplitude, which leads to low signal-to-noise ratio (SNR) 

at the receiver side. Fig. 3d finally shows the spectrum of the received IR-UWB signal after 4.4-km MMF 

transmission. The signal spectrum is still very nicely fitting into FCC mask without distortion.  

                                                                                                                               

 

 

 

 

 

 

 

 

 

 

 

                                                             

 

Figure 3e, shows the BER results of 2 Gbps IR-UWB signal transmissions.  For each BER measurement points 

8190 bits following a 2
13

-1 PRBS pattern are transmitted and recorded using a 25 GSamples/s digital oscilloscope. 

The BER is subsequently computed using a DSP algorithm in a bit-for-bit comparison between the transmitted and 

received data. The DSP algorithm distinguished between binary “1” and “0” by comparing the average power within 

the central window of each bit slot to an adaptive decision threshold. This approach is expected to provide more 

accurate results than BER estimates from the eye diagram Q-factor as in [1]. According to the result of the BER 

measurement, the 4.4-km MMF transmission shows a penalty of almost 3 dB, this is largely caused by modal noise 

at the receiver side due to the mismatch of 25-µm photodetector and 50-µm core MMF. In general, the experimental 

result shows a successful transmission of forward error free (FEC) limit of IR-UWB over multimode fiber for in-

building application. 

5. Conclusions 

We propose novel generation technique of IR-UWB pulse by linearly combining two monocycles using different 

pulse-shaping factors. We experimentally demonstrate for the first time an FEC-limit DSP based BER measurement 

of 2 Gbps IR-UWB over 4.4 km multimode fiber with fractional bandwidth of about 113%. The generated pulse 

fully complies with the FCC-indoor spectrum mask even in the most severely power-restricted band from 0.96 GHz 

to 1.61 GHz. We believe that our newly proposed IR-UWB over MMF has a potential application in high speed 

short-range communications networks such as in-building networks. 
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Fig. 3a: IR-UWB in optical back-to-

back case   
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Fig. 3b: Optical back-to-back spectrum of 

IR-UWB and FCC mask 
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Fig.3e: BER measurement of optical back-

to-back and 4.4km MMF fiber transmission 
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Fig. 3c: IR-UWB after 4.4-km MMF 
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Fig. 3d: Spectrum of IR-UWB after 4.4km 

MMF and FCC mask 
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