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Abstract. The problem of receiving ultra-wideband (UWB) chaotic radio 

pulses of microwave band that passed through a multipath channel is 

considered. Based on measurements of UWB chaotic radio pulse 

propagation through a real wireless channel, a method for reception is 

proposed that is not affected by interpulse interference. 

1 Introduction  

A method for blind energy detection of ultra-wideband (UWB) chaotic radio pulses of 

microwave band that is not affected by interpulse interference due to multipath propagation 

of the UWB signal [1] is proposed. The method is blind, since it does not require sounding 

of the multipath channel. 

Noncoherent detection of chaotic radio pulses in a multipath channel is not a problem 

when the propagation delays of the reflected paths do not exceed the duration of the 

interpulse guard interval [2–4]. In such a case, there is actually no interpulse interference, 

thus, the performance of energy detection of chaotic radio pulses in the multipath channel 

in terms of error probability is close to that of AWGN single path channel [2, 3]. 

Problems with coherent and noncoherent detection of UWB signals appear for both 

chaotic UWB radio pulses [5, 6] and ultrashort UWB pulses [7], if the delays of the 

reflected path go beyond the limits of the interpulse guard interval, which is typical, e.g., 

for mobile wireless systems. To solve this problem, the following methods were proposed 

and investigated: energy detection using a priori statistical estimation of a multipath UWB 

channel parameters [5, 7], blind energy detection [8–12], and RAKE methods ([13, 14] and 

references therein) for ultra-short pulses. In the case of UWB RAKE receivers, methods of 

selecting paths based on PRAKE (partial RAKE), SRAKE (selective RAKE) schemes [13], 

and their modifications [14] were considered. It was found that in terms of error 

probability, such RAKE receivers have the same or lower theoretical performance, at 

minimum, as compared with energy receivers, but are inferior in simplicity of 

implementation. This is due to the large number of paths in the UWB channel, which can 

have approximately the same power [14, 15] and the reception of UWB signals must be 

carried out for all such paths. 
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In this paper an approach for detecting a sequence of chaotic UWB radio pulses against 

the background of interpulse interference using blind energy detection is proposed. The 

method is based on a natural property of the chaotic UWB signal: noncoherent summation 

of all the paths coming in the receiver input, which eliminates the problem of extracting the 

most powerful paths as in the RAKE receiver. The method is analyzed on an array of 

experimental data on propagation of such pulses with duration TP = 83 ns and repetition 

period T = 166 ns (i.e., the pulses are separated by (T – TP) = 83 ns pause intervals) through 

a wireless channel. 

The interpulse interference power is assumed to be greater than the thermal noise power 

of the receiver, so the latter can be neglected. This is a fair assumption, since otherwise, 

given the limited sensitivity of a real receiver, it will not be able to detect the multipath 

signal against the thermal noise [6], and it would be meaningless to consider the task posed. 

2 Experiment  

In the experiment according to layout in fig. 1a, interpulse interference was observed in RX 

reception point in a real wireless channel, where RX receiver was stationary and TX emitter 

was moved, so that the distance between the receiver and emitter r had the following 

values: r1 = 32, r2 = 16, r3 = 8, r4 = 4, and r5 = 2 m. 
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(b) 

Fig. 1. Measurements of the propagation characteristics: (a) experimental layout. RX – receiver, TX – 

emitter, Osc – oscilloscope, d = 38 m, r is varied in the range 2 to 32 m; (b) envelopes of chaotic radio 

pulses V(r3, t) for r3 = 8 m illustrating interpulse interference in the receiver: curve 1 is the envelope 

of the current pulse to be detected, 2 is the envelope of the preceding pulse. 

As is shown in [6], such a measurement scheme creates conditions necessary for the 

appearance of interpulse interference and allows us to observe two paths in the experiment: 

the direct one (line of sight) and a path reflected from a massive metal door in the end of the 

corridor, where the experiment is conducted [6]. Emitter TX forms a sequence of 1003 N  

chaotic radio pulses, and receiver RX forms the envelope of the received pulses. A storage 

oscilloscope samples and records the envelope signal at 2.5 GHz sampling rate. The 

appearance of interpulse interference is illustrated in Fig. 1b on example of two envelopes 
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for two consecutive pulses ),( 3 trV j , j = 1 ... N3, taken at a fixed distance r3 = 8 m between 

the transmitter and the receiver, in which case two radio pulses are delayed by the duration 

of guard interval. Interpulse interference is manifested in overlapping of the positions of the 

current pulse (curve 1), that is to be detected, and the previous pulse (curve 2). 

Rx receiver consisted of a log-detector [15] and a low-noise amplifier with gain 100. 

The receiver in its operation range converts the input power varying from 9103   mW to 

~1 mW to an output voltage in the range 0.5 to 2 V according to the following expression 

 0/),(lg10),( PtrPtrV  , (1)
 

where 10 P  mW;  = 0.021 V/dB is log-detector slope; ),( trP is the power of the signal 

at the receiver input from an emitter located at distance r. Due to logarithmic rule of power-

to-voltage conversion, the amplitude of the signal envelope at the receiver output varies 

linearly, while the signal power at the input can vary by several orders of magnitude. 

Using such a receiver, a detection method is proposed that requires no a priori 

determination of the threshold H, necessary to make decision on the arrival or on the 

absence of the pulse in one-path channel [4]. If the channel power exceeds the power 

threshold H, this means the arrival of the pulse. Threshold H is fixed and it is determined by 

the total power of the receiver thermal noise and the power of the interfering signal arising 

from the technical implementation errors. 

In this paper, the task of designing a blind rule for deciding whether a pulse has arrived 

or not against the background of interpulse interference is analyzed in a situation when the 

receiver gets a “pulse-pause-no pulse” signal. In this case, there is a non-zero probability of 

“receiving” the absent pulse (“false alarm”) after a pause, if the threshold value of the 

power H is set as it is done in a single-beam channel. In the cases: “pulse–pause–pulse”, 

“no pulse–pause–pulse”, and “no pulse–pause–no pulse” the wrong detection does not 

occur when using a fixed threshold H. 

To prevent wrong detections, it is proposed to use the knowledge of the reflected signal 

attenuation pattern, which passes a greater path than the direct beam before coming to the 

receiver, therefore: (1) its power is obviously less than the power of the direct path, (2) the 

upper boundary of this power can be estimated, knowing the pulse repetition frequency, the 

attenuation rate of the signal in the channel, and the fact that the paths in the receiver are 

summed incoherently due to small autocorrelation time of the chaotic signal [6]. These 

parameters do not depend on the conditions of signal propagation in each specific case; 

therefore the proposed method is blind. 

In the wireless channel, the signal power PR in the reception point is proportional to 

~PT / rn [1], where n = n0 = 2 for free space and n = n1 < 2 in the multipath channel with 

direct path. In the case of no direct path, one can expect that n = n2 > 2, moreover, 

n = n2   2n1, since this is a re-reflected signal. 

Here, the pathloss exponent of the re-reflected signal was determined experimentally 

similar to [6], where the pathloss exponent for the direct path was measured, which turned 

out to be equal to n1 ≈ 1.5. For the experimental determination of the pathloss exponent 

value of the re-reflected rays with method [6], the averaged shape of the pulse envelope 

was calculated as  



iN

j

ijii trVNtrV

1

),(/1),( . The resulting averaged forms  ),( trV i  

for pulses with 100-mW emission power for 5r  = 2, 4r  = 4, 3r  = 8, 2r  = 16 and 1r  = 32 m 

are shown in Fig. 2a. 
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Fig. 2. (a) Average pulse envelope waveforms  ),( trV i , on which the average amplitudes of the 

direct  )( iD rA  and reflected  )( iR rA  paths recorded by the receiver at distance ir  (m) from 

the emitter for pulses with 100-mW power are marked:  )2( 5rAR  = 0.85 V (curve 1), 

 )4( 4rAR  = 0.86 V (curve 2),  )8( 3rAR  = 0.88 V (curve 3),  )16( 2rAR  = 0.93 V 

(curve 4),  )32( 1rAR  = 1.01 V (curve 5); and (b) a plot of the power ratio P(r) / P(r1) for the 

reflected path in dB as a function of the distance ratio lg((2d–r) / (2d–ri)); crosses mark measurement 

results, solid line is approximation. 

The upper curve 1 in Fig. 2a corresponds to the minimum distance between the emitter 

and receiver, and the lower curve 5 corresponds to the maximum distance. Average 

amplitudes of the reflected path pulses  )( iR rA  were determined from the average 

envelopes  ),( trV i . The signal power attenuation rate at distance ri for reflected paths 

was calculated with expression (1) using the difference between the pulse amplitude for 

distance r1 and distance ri:  )(/)(lg10)()( 11 iRRRiR rPrPrArA  . Since the ratio of 

the power of the reflected path at distance r1 to the power )( iR rP  at distance ri is 

  2)2/()2()(/)( 11
n

iiRR rdrdrPrP  , then: 

  ))2/()2lg((10/)()( 121 rdrdnrArA ii   (2) 
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Using the experimental dependence of   )()( 1rArA i  on ))2/()2lg(( 1rdrd i  , 

attenuation power n2 was determined from the slope of line (2), which approximated the 

experimental data (Fig. 2b). The pathloss exponent value turned out to be equal to n2 = 3.3 

for the reflected path, which is consistent with the estimate n2   2n1, n1   1.5. 

Based on the regularity of the power drop of the reflected path with the path length, it is 

possible to calculate the threshold value of power H, above which the receiver detects only 

a direct path and which the reflected path doesn’t exceed by all means, i.e., to implement 

blind detection of chaotic radio pulses on the direct path. 

The threshold H is calculated on the basis of the pulse repetition period T and the 

pathloss exponents n1 and n2 of the direct and reflected paths, respectively. Since the power 

of the direct path in the receiver is 

1

4

n

D

TD
fr

c
PP 















 , and the power of the reflected one is 

2

)(4

n

D

TRT
cTrf

c
PP 















 , where γ is the power reflection fraction, f is the average 

frequency of the signal, c is the light speed, rD is the length of the direct path, cT is the path 

surplus of the beam that will occur on current position of the chaotic radio pulse in time T 

after the previous one, then the power limit 
*
RTP  for the reflected path in the receiver can be 

obtained from the ratio PRT / PD in time T after the direct path arrival. For n2 = 2n1, we have 

11 2

*

/1
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













  (3) 

For the value of n1 in 
*
RTP  (3), one can take n1 = 1.6, which is consistent with other 

experimental data on measurements of UWB channel parameters [1]. The value of γ can be 

set to γ = 1 (total reflection), and for the relation cT / rD, one can assume that cT / rD << 1 

(the worst case). 

As a result, the detection of a direct path against the reflection background should be 

carried out with a threshold value H > 
*
RTP . The value 

*
RTP  (3) is calculated based on the 

average values of the amplitudes of the chaotic radio pulse envelope based on the direct and 

reflected paths. At the same time, the amplitudes of the chaotic radio pulses in the  

sequence envelope vary from pulse to pulse according to a certain distribution. Therefore, 

to prevent errors caused by the spread of the incoming pulses’ power, it is also necessary to 

take into account the width of these distributions. Fig. 3 shows the experimental 

distributions of the pulse envelope amplitudes for the direct and reflected paths. The 

distributions are limited: the amplitude spread is within ± 0.1 V of their average values. 

This means that the detection of a direct beam against the reflected one can be performed 

with a threshold power value H > 
*
RTP  + ΔPRT, where ΔPRT = 0.1/α. 

As a result, there is a physical opportunity to eliminate the influence of interpulse 

interference and to achieve detection characteristics that are close in error probability to a 

channel with one direct path without implementing the procedure of individual path 

allocation carried out in RAKE receiver. 

 

The work was performed according to the state assignment of Kotelnikov IRE RAS. 
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Fig. 3. Distributions of amplitudes for direct h(AD(ri)) (curves 1 – r1 = 32 m, 2 – r2 = 16 m,  
3  – r3  = 8 m, 4 – r4 = 4 m, 5 – r5 = 2 m) and reflected path pulses h(AR(ri)) (curves 6 – r5 = 2 m,  
7 – r4 = 4 m, 8 – r3 = 8 m, 9 – r2 = 16 m, 10 – r1 = 32 m). 
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