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ABSTRACT 
 
Due to the very short duration of the UWB pulse, its energy is 
very low, which requires the receiver to have a very good 
sensitivity for better signal detection, but this parameter is 
always in contradiction with low power consumption. 
Depending on the type of application we can consider either 
coherent or non-coherent detection. The coherent architecture 
is based on the correlation of the received pulse with a locally 
generated signal called "Template". The non-coherent 
architecture is based on the recovery of the energy of the 
received pulse. In this paper, we propose a comparison of 
these two main receiver families in order to justify our choice 
of a coherent receiver for UWB detection in the road domain. 
 
Key words: pulse, UWB, coherent receiver, non-coherent 
receiver 
 
1. INTRODUCTION 
 
The rapid evolution of road detection technologies 
[1][2][3][4][5] in terms of speed, complexity and diversity of 
the environments encountered poses challenges for 
manufacturers to ensure the compromise between complexity, 
efficiency and cost. This leads them to seek high-performance 
solutions for effective detection at a lower cost. 
There are many technologies for detecting obstacles in the 
urban area, but UWB technology[6][7][8] remains among the 
solutions that can effectively meet a number of needs in this 
field, thanks to its ability to withstand disturbances due to its 
very high bandwidth and the possibility, not only to detect a 
human presence, but also to locate it ...  The principle of UWB 
detection [9][10] is based on the emission of low power 
signals with a very wide bandwidth, allowing to obtain high 
data rates and also distance measurements; separating the 
obstacle from the UWB radar [11][12][13]; very accurate. At 
reception, the signals can be received in different ways using 
two main types of receivers: either coherent UWB receivers 
using the correlation principle [14]; or non-coherent receivers 
[15] [16] based on the detection of energies 
 

Numerous works concerning the performance of UWB radio 
receivers [17][18][19] were presented; Most of the UWB 
receivers discussed in the literature are non-coherent 
receivers which can offer a good compromise between 
performance and complexity [20] but the good performance of 
these receivers is penalized by their low sensitivity; moreover, 
this type of receiver operates without information on the state 
of the channels [21], which can reduce their performance in 
certain environments, in particular in areas where there is a 
large variation in propagation phenomena; like urban areas 
for example. For UWB detection systems used in vehicular 
environments which require prior recognition of the state of 
the channel due to phenomena of multipath, distortion, 
pathloss..., the coherent receiver may be the best choice, 
thanks to a very good sensitivity to noise [22] [23]. 
In this paper we describe a reduced-complexity coherent 
receiver for a UWB pulse signal.  The proposed receiver 
works with channel state information by exploiting the 
multipath diversity offered which makes it suitable for the 
V2V communication context. 
The first part of this article deals with a comparison of UWB 
receivers to justify the choice of the coherent receiver. In the 
second part we discuss the signal model used and the type of 
channel chosen, and then we present the coherent receiver 
before discussing the results of the simulation, and finally a 
conclusion. 
 
2.  UWB RECEIVERS 

In free space, the received signal is noisy and attenuated due 
to propagation phenomena, which makes the task of 
traditional receivers difficult [24]. In the case of UWB 
signals, two main reception techniques can be applied: 
coherent reception [25], based on correlation, and non 
coherent reception [26], based on energy detection. Each 
family of these receivers has advantages and disadvantages on 
which we have based our choice of receiver. 
 
2.1 Coherent Receiver 

Coherent reception is based on the principle of signal delay 
recognition using correlation with a reference signal which 
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provides good performance, but whose complexity is a major 
disadvantage [26] [27][28].  
The coherent receiver is based on the correlation principle, 
and requires storage in memory of the phase recording of all 
the transmitted pulses which will be considered as templates. 
The reception chain by correlation consists of a bandpass 
filter which attenuates the unwanted signal located outside 
the useful band, a correlator operating on the filtered signal 
and a decision element which makes a choice on the 
information received according to the result of the 
correlation. 
The following figure1 shows the different components of a 
coherent receiver. 
 

 

 
 

Figure 1: The Block Diagram of the Coherent Receiver 
 

 

 
Figure 2: The Block Diagram of the Correlator 

 
The correlator (figure 2)consists in multiplying the received 
signal  
R (t) by the template T (t), this product is applied to the input 
of the integrator, whose output is: 

 
 
(t)=                                              (1) 

 
Coherent integration improves the signal-to-noise ratio 
because the sum of the signal voltages due to coherent pulse 
integration is the algebraic sum of the individual voltages of 
the integrated pulses. If the received pulses are coherently 
integrated, the output signal will therefore have 
signal-to-noise power ratio N times greater than that of a 
pulse [29][30]. 
 

                                                                                       (2) 
  To demonstrate the improvement of the signal to noise ratio 
in the case of coherent integration, we consider a radar return 
signal. 

 
R(t) =  S(t) +n(t)                                                                   (3) 
 
With S (t) is the return of the radar signal and n (t) is an 
additive noise signal white with variance  ². 
Finally, the coherent integration of pulses is given by [21] 
[29]: 
 
 
 

 

 
Here the total noise power is equal to  ². More precisely, 
 

                                   (5) 
 
 

= 

                     (6) 
 
Where  is the power of single impulse noise and is 
zero for m  0 and the unit for m=0. According to Eqs (4) and 
(6) the signal power after the coherent integration is constant, 
while the noise power is reduced by the factor  . Therefore, 

the SNR after coherent integration is improved by [29]. 
 
Coherent reception requires high power consumption, yet it 
offers a better error bit detection rate, a significant 
improvement in the signal-to-noise ratio and better sensitivity 
[28], and thanks to the use of all phase information; it allows 
to extract the maximum amount of information using a low 
gain value for the LNA. 

 

2.2 Non Coherent Receiver 
 
Several non coherent receiver architectures exist [32].They 
are all based on a recovery of the energy of the received pulse. 
This method of reception is the least complex. 

The principle of non coherent reception is based on the 
integration of the instantaneous power [33] of a pulse during 
its duration Tτ.  Its complexity consists in the analysis of the 
non-linearities of the squarer and of the integrator [34]. 
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The following figure 3 shows the block diagram of a non 
coherent receiver based on an energy detector. 
 

 
Figure 3: Block Diagram of a Non Coherent Receiver based on 

Energy Detector. 
This detection consists in squaring the received pulse which 
will be integrated later 
 

                                                                    (7) 
Energy = (t)dt                              (8) 
 
Non-coherent integration remains less effective than coherent 
integration. In fact, the gain from non-coherent integration is 
always less than the number of pulses integrated in a 
non-coherent manner. This loss of integration is called 
post-detection loss of detection [29][35]. 
The  required to achieve a specific detection probability 

with a particular false alarm probability when the  pulses 
are integrated non-coherently [29]. 
 

                                                                     (9) 
 
Where the signal-to-noise ratio of a single is pulse and 

is the integration improvement factor. 
 
The value of the integration improvement factor can be 
calculated based on the value of probability of detection and 
that of the false alarm according to the following model 
[28][33]. 
 
 
 
 
                                                                                           
(10) 
 
 
And the non-coherent integration loss in dB is given by the 
following equation [28]: 
 

                                          (11) 
 
The pulses integrated with a non-coherent integration suffer 
losses that will increase with the number of pulses emitted. 
Non-coherent receivers are recognized by their low energy 
consumption and less complex architecture, however they 
have many disadvantages such as low sensitivity, problems of 

integration losses, short range, and they remain less effective 
for real detections because they only use envelope information 
and not phase information [27][33]. 
2.3. Choice of Receiver 

In our case, one of the criteria for choosing the right receiver 
architecture for the vehicular environment is the best 
sensitivity of the system beyond its power consumption and 
simplicity. By comparing the receivers studied, we can see 
that the correlation coherent receiver is the best for our 
application because despite its design difficulty, it has a very 
good sensitivity which allows maximizing the probability of 
detection in urban areas. 
 
3. RESULT AND DISCUSSION 

 
3.1 Signal Model  

Considering an impulse signal (t) generated on transmission; 
this signal is modeled as the first derivative of the Gaussian 
impulse (monocycle). Its temporal representation is given by 
the following equation: 
   

                                                      (12) 
 
Where a is a normalization constant and is the constant used 
to adjust the width of the pulse. 
The following figure 4 represents the pulse emitted in the time 
domain. 
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Figure 4: Time Representation of the Emitted Impulse 

 
Assuming that the signal is transmitted on a multipath 
vehicle channel with an impulse response [36]. 
 
This channel follows a Rayleigh distribution and models the 
temporal dispersion of the time-varying vehicular channel 
which is used in the case where there is no direct line of sight 
(NLOS propagation) [37][38]. It is represented by the 
following mathematical formula [39]. 





K

k
k

t
kath

1

)( ),(                                                      (13) 

With k: number of echoes and t
ka are uncorrelated Gaussian 

random processes [39]. 

[ =6.79(1+0.253  
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3.2. Received Signal  

The received signal corresponds to the channel transformed 
transmitted signal, which is characterized by the combination 
of the noise with the convolution between the transmitted 
signal and the channel impulse response: 
 
R(t) = s(t)*h(t) + n(t)                                                                  (14) 
With s (t) is the transmitted signal, h (t) represents the 
impulse response of channel v2v and n (t) is the Gaussian 
additive white noise. 
The following figure 5 shows the signal at the output of the 
vehicle channel. 
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Figure 5: The Signal Received 

 
3.3. Coherent Reception  
 
Coherent reception is based on the correlation principle, in 
which case the transmitted pulses always start at the same 
phase of their reference cycle. It consists in multiplying the 
received signal r (t) by the template T (t), and then applying 
this product to the input of the integrator according to the 
following formula:  
 

                                                            (15) 
 
The figure 6 below shows the result of multiplication of the 
received signal with the template. 
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Figure 6: Multiplication of the Signal Received with the Template 

Integration into a coherent receiver requires that the phase of 
the received signal be preserved. That is to say that the phase 
of the signal received must remain constant relative to the 
phase of the template [21] in order to be able to extract as 
much information as possible with better precision. 
 
In the following figure 7, we present the result of the 
integration: 
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Figure 7: The Integrated Signal 

 
Finally, the comparator allows the comparison of with a 
threshold: if > threshold, we decide that the expected 
signal is indeed present at the input of the receiver and that it 
is absent otherwise. 
In our case, we were able to detect all the impulses emitted. 
That's because they exceed our detection threshold of 12. This 
threshold can be adjusted at will and can take a value as 
positive as zero or negative. 

4. CONCLUSION 
 
In this article, we have compared the different UWB 
receivers, then presented and simulated the different parts of a 
coherent UWB receiver; in order to develop a UWB radar 
receiver capable of detecting targets in an urban environment 
reliably and accurately at low cost. 
  
REFERENCES 
 
1. M. Ptak, K. Konarzewski. Numerical Technologies for 

Vulnerable Road User Safety Enhancement. Rocha 
A., Correia A., Costanzo S., Reis L. (eds) New 
Contributions in Information Systems and Technologies. 
Advances in Intelligent Systems and Computing, vol 354. 
Springer, 2015 
https://doi.org/10.1007/978-3-319-16528-8_33 

2. R. Hajlaoui ,  T. Moulahi1, H.  Guyennet. Vehicular ad 
hoc networks: From simulations to real-life scenarios.  
International Journal of Advanced Trends in Computer 
Science and Engineering, 8(1.1), 2019, 169 – 174 

3. P. R. Yelwande, A.  Jahagirdar. Straight and Curve 
Lane Detection System for Car Safety using Hough 



D. Daghouj et al.,  International Journal of Advanced Trends in Computer Science and Engineering, 9(2), March - April 2020, 1996  – 2001 

2000 
 

 

Transform and Sobel Operator.  International Journal 
of Advanced Trends in Computer Science and 
Engineering, 8(1.4), 2019, 90 
https://doi.org/10.30534/ijatcse/2019/1481.42019 

4. A. Ghasempour, Z. M. Hanapi , M. Salehi , Z. Vahdat. 
Using Traffic Control Scheme In Intelligent 
Transportation System. International Journal of 
Advanced Trends in Computer Science and Engineering, 
Volume 8, No.1.4, 2019 
https://doi.org/10.30534/ijatcse/2019/2581.42019 

5. J. Zhao, H. Xu,  H. Liu,  J. Wu,  Y. Zheng, D. Wu, 
Detection and tracking of pedestrians and vehicles 
using roadside LiDAR sensors .Transp. Res. Part C: 
Emerg.Technol. pp. 68-87, 2019 
https://doi.org/10.1016/j.trc.2019.01.007 

6. Fattah, M., Abdellaoui, M., Daghouj, D., Mazer, S., 
Ghazi, M. E., Bekkali, et al. Multi Band OFDM 
Alliance Power Line Communication System. 
Procedia Computer Science, Volume 151,2019, Pages 
1034-1039, ISSN 1877-050. 
https://doi.org/10.1016/j.procs.2019.04.146. 

7. M. Hozhabri, M. Otterskog, N. Petrovic and M. Ekström, 
Experimental comparison study of UWB technologies 
for static human detection, 2016 IEEE International 
Conference on Ubiquitous Wireless Broadband 
(ICUWB), Nanjing, 2016, pp. 1-4. 
https://doi.org/10.1109/ICUWB.2016.7790572 

8. E. L. Mokole and F. Sabath, Ultrawideband 
Technologies and Applications in IEEE Antennas and 
Propagation Magazine, vol. 60, no. 3, pp. 8-9, June 
2018. 

9. O. Sytnik, S. Masalov, P. Kholod, G. Pochanin and V. 
Ruban. UWB Technology for Detecting Alive People 
Behind Optically Opaque Obstacles, 2018 9th 
International Conference on Ultrawideband and 
Ultrashort Impulse Signals (UWBUSIS), Odessa, 2018 , 
pp. 110-114.  

10. A. K. Allidina, T. Khattab, M.  N.El-Gamal. On dual 
peak detection UWB receivers in noise and 
interference dominated environments.  in AEU – 
International Journal of Electronics and 
Communications, Volume 70, Issue 2, Pages 121-131, 
February 2016 

11. P. Jyotsna , D. Tirumala Rao. Mimo Radar 
Performance Using Swerling Scattering Models. 
International Journal of Advanced Trends in Computer 
Science and Engineering, Vol.3 , No.5, Pages : 476- 480 
(2014) 

12. Z. Duan and J. Liang, Non-Contact Detection of Vital 
Signs Using a UWB Radar Sensor, in IEEE Access, 
vol. 7, pp. 36888-36895, 2019 
https://doi.org/10.1109/ACCESS.2018.2886825 

13. Y. Ahajjam, O. Aghzout, J.M.Catala-Civera, F. 
Peñaranda-Foix, A. Driouach. Range Distance 
Measurements Using an UWB Tapered Slot 0.43 
GHz to 6 GHz Antenna for IoT Application. in 

Procedia Manufacturing, Volume 32, Pages 
710-716, 2019 

14. M. Dawood and R. M. Narayanan, Receiver operating 
characteristics for the coherent UWB random noise 
radar, in IEEE Transactions on Aerospace and 
Electronic Systems, vol. 37, no. 2, pp. 586-594, April 
2001 

15. A. G. Yarovoy, L. P. Ligthart, J. Matuzas and B. Levitas. 
UWB radar for human being detection.  IEEE 
Aerospace and Electronic Systems Magazine, vol. 21, no. 
3, pp. 10-14, March 2006. 
https://doi.org/10.1109/MAES.2006.1624185 

16. Ning He and C. Tepedelenlioglu. Adaptive 
synchronization for non-coherent UWB 
receivers.  IEEE International Conference on 
Acoustics, Speech, and Signal Processing, Montreal, 
Que., 2004, pp. iv-iv 

17. B. Mielczarek, M. O. Wessman and A. Svensson. 
Performance of coherent UWB Rake receivers with 
channel estimators.   IEEE 58th Vehicular Technology 
Conference. VTC 2003-Fall (IEEE Cat. 
No.03CH37484), Orlando, FL, 2003,  pp. 1880-1884 
Vol.  

18. D. Cassioli, M. Z. Win, F. Vatalaro and A. F. Molisch. 
Effects of spreading bandwidth on the performance 
of UWB RAKE receivers.  IEEE International 
Conference on Communications. ICC '03. 2003, 
Anchorage, AK, 2003, pp. 3545-3549 vol.5. 

19. I. J. R. Foerster. The effects of multipath interference 
on the performance of UWB systems in an indoor 
wireless channel. IEEE VTS 53rd Vehicular Technology 
Conference, Spring 2001. Proceedings (Cat. 
No.01CH37202), pp. 1176-1180 vol.2. Rhodes, Greece, 
2001 
 

20. K. Witrisal et al., Noncoherent ultra-wideband 
systems. in IEEE Signal Processing Magazine, vol. 26, 
no. 4, pp. 48-66, July 2009. 

21. D. Meyers, Radar Target Detection: Handbook of 
Theory and Practice, London, U.K.:Academic, 1973. - 
1049349-506\506 

22. J. Blanz, A. Klein, M. Nasshan and A. Steil. 
Performance of a cellular hybrid C/TDMA mobile 
radio system applying joint detection and coherent 
receiver antenna diversity. in IEEE Journal on 
Selected Areas in Communications, vol. 12, no. 4, pp. 
568-579, May 1994. 

23. S.Schaefer; M. Gregory, W. Rosenkranz. Investigation 
of coherent receiver designs in high-speed optical 
inter-satellite links using digital signal processing. 
Proceedings Volume 10562, International Conference 
on Space Optics — ICSO 2016; 1056251, 2017 

24. M. Cimdins and H. Hellbrück, "Modeling received 
signal strength and multipath propagation effects of 
moving persons. 14th Workshop on Positioning, 



D. Daghouj et al.,  International Journal of Advanced Trends in Computer Science and Engineering, 9(2), March - April 2020, 1996  – 2001 

2001 
 

 

Navigation and Communications (WPNC), Bremen, 
2017, pp. 1-6. 2017 
https://doi.org/10.1109/WPNC.2017.8250061 

25. I. A. Spaulding and D. Middleton. Optimum Reception 
in an Impulsive Interference Environment - Part I: 
Coherent Detection. In IEEE Transactions on 
Communications, vol. 25, no. 9, pp. 910-923, September 
1977. 

26. G. Durisi and S. Benedetto. Performance of coherent 
and noncoherent receivers for UWB communications. 
2004 IEEE International Conference on 
Communications (IEEE Cat. No.04CH37577), Paris, 
France, 2004, pp. 3429-3433 Vol.6.  ,  

27. Jonathan N. Blakely and Ned J. Corron "Concept for 
low-cost chaos radar using coherent reception", Proc. 
SPIE 8021, Radar Sensor Technology XV, 80211H (21 
June 2011.  
https://doi.org/10.1117/12.884688 

28. Abdellaoui M. et al. (2020) "Study and Design of a See 
through Wall Imaging Radar System", In: Bhateja V., 
Satapathy S., Satori H. (eds) Embedded Systems and 
Artificial Intelligence. Advances in Intelligent Systems 
and Computing, vol 1076. Springer, Singapore 

29. B. R. Mahafza.  Radar Signal Analysis and Processing 
Using MatLab, FL, Boca Raton:Chapman and 
Hall/CRC, 2009. 

30. M. A. Richards. Coherent integration loss due to white 
Gaussian phase noise.  in IEEE Signal Processing 
Letters, vol. 10, no. 7, pp. 208-210, July 2003 

31. U. Pešović, D. Gliech, P. Planinšič, Z. Stamenković and 
S. Ranđić. Implementation of coherent IEEE 802.15.4 
receiver on software defined radio platform. 23rd 
Telecommunications Forum Telfor (TELFOR, pp. 
224-227. ), Belgrade, 2015 

32. S. Pourbagheri, K. Mayaram and T. Fiez. A 
noise-reducing 0.48 nJ/bit interference-robust 
non-coherent energy detection IR-UWB receiver for 
wireless sensor networks. IEEE MTT-S International 
Microwave Symposium Digest (MTT), pp. 1-4. Seattle, 
WA, 2013 

33. R. Hazra and A. Tyagi. Performance comparison of 
non-coherent IR-UWB receivers. International 
conference on signal processing and communication 
(icsc), noida, 2013, pp. 143-148.  
https://doi.org/10.1109/ICSPCom.2013.6719772 

34. V. S. S. Harsha and G. V. Mahalakshmi. A 3.5mW 
Non-coherent UWB Impulse Radio Receiver in 
180nm CMOS. International Conference on 
Micro-Electronics and Telecommunication Engineering 
(ICMETE), Ghaziabad, 2016,  pp. 513-516.  

35. V. M. Orlenko and Y. D. Shirman. Non-coherent 
integration losses of wideband target detection. First 
European Radar Conference, 2004. EURAD. pp. 
225-228.  Amsterdam, The Netherlands, 2004 

36. D. Daghouj, S. Mazer, Y. Balboul, A. Menhaj and L. 
Sakkila,   "Modeling Of an Obstacle Detection Chain 

In A Vehicular Environment. 2019 7th Mediterranean 
Congress of Telecommunications (CMT), Fès, Morocco, 
2019, pp. 1-4. 

37. J. Mestoui, M. ElGhzaoui, M. Fattah, A. Hmamou , J. 
Foshi. Performance analysis of CE-OFDM-CPM 
Modulation using MIMO system over wireless 
channels. J Ambient Intell Human Comput (2019). 
https://doi.org/10.1007/s12652-019-01628-0   

38. A. Maroua and F. Mohammed. Characterization of 
Ultra Wide Band indoor propagation.  2019 7th 
Mediterranean Congress of Telecommunications (CMT), 
Fès, Morocco, 2019, pp. 1-4. 
https://doi.org/10.1109/CMT.2019.8931367 

39. M. Hernandez, H. Li, I. Dotlić, R. Miura (NICT). 
Channel models for TG8’’ IEEE P802.15 Working 
Group for Wireless Personal Area Networks (WPANs) . 
IEEE P802. 15-12-0459-07-0008, September 2012 
 

 
 
 
 
 
 
 
 

 


