
International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol. 2, No. 2, June 2009 

 

 

43 

A new Transmitted-Reference Automotive UWB Radar using 
Unequaled Amplitude 

 
 

Sang-Dong Kim and Jong-Hun Lee 
Daegu Gyeongbuk Institute of Science & Technology 

kimsd728@dgist.org and jhlee@dgist.org 
 

 
Abstract 

 
This paper analyzes the detection performance of new Transmitted-Reference (TR) 

automotive UWB radar using unequaled amplitude for vehicles. To improve the detection 
performance of a traditional TR-UWB system, the amplitude of a reference pulse can be 
changed to increase the energy-to-noise ratio. Finally, the characteristics of the proposed 
TR-UWB radar are evaluated by simulation. And the performances of the proposed radar are 
compared with a coherent matched filter and a traditional TR-UWB system.  For special case 
when SNR=3dB and  =6, we can assert that the detection probability of the proposed TR 
receiver is approximately a 19% increase compared with that of the conventional TR receiver 
when the probability of false alarm is 0.5.  
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1. Introduction 

UWB impulse radar is used for short range measurements in the Intelligent Transport 
System (ITS) [1]. Since Short-Range Radar (SRR) [2,3] is used in vehicles, the Federal 
Communications Commission (FCC) has confirmed the spectrum from 22 to 29GHz for 
UWB radar with a limit power of –41.3dBm/MHz [4-6]. Here, the UWB signal defines an 
absolute bandwidth larger than 500MHz or a relative bandwidth up to 20%.  The UWB radar 
mentioned above should generate reference pulse adapted channel estimation and exact 
timing [7]. But, UWB radar with a wide spectrum has difficulty finding channel estimation 
and exact timing. As an alternative to this radar, many kinds of TR-UWB research studies 
have been undertaken to solve the problems mentioned above [8-11]. 

Fig. 1 represents a signaling scheme generated in TR-UWB. As shown in Fig. 1, TR-UWB 
consists of transmitted pairs, separated by a time delay TD, known to both the TX and RX [8]. 
Here, the first pulse defines the reference pulse and the second pulse defines the transmitted 
pulse. The principle of TR-UWB measures a time interval from the time the transmitted pulse 
is generated to the time the inputted transmitted pulse is reflected. The time of the inputted 
reflected pulse in the RX can be measured using a correlator with a simple time delay block. 

A conventional TR-UWB has the disadvantage of reduced detection probability because of 
noise-cross-noise in the reference pulse with additional noise [12-15]. Therefore, UWB radar 
needs to be studied to improve detection performance, in order to enhance conventional TR 
methods. This paper continues with Section II, in which a TR-UWB radar system with 
unequaled amplitude pulse is proposed. In Section III, the simulation results of the proposed 
method are represented. Finally, Section IV comprises conclusion. 
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Figure 1. The signal scheme of traditional transmitted reference UWB radar 

 
2. Proposed TR-UWB radar using unequaled amplitude 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The T/RX architecture of the proposed transmitted reference UWB radar 

 
This chapter proposes TR-UWB with unequaled amplitude pulse for improved detection 

performance [11].  The proposed method suggests that TR-UWB radar amplifies the 
reference pulse in order to improve the energy-to-noise ratio (ENR) of the reference pulse. 
Fig. 2 represents the block diagram of the proposed TR-UWB radar. And, the transmitted 

signal )(tsTX  can be written as 

))(())(()( Df
i

fTX TTitpTitpEts  




                         (1) 

where p(t) is a second derivative of a Gaussian pulse, TD is the interval between the reference 
pulse and the transmitted pulse, Tf represents the pulse repetition interval (PRI),   is an 
amplitude scale factor to improve the ENR of the reference pulse,   is an increment of the 

PRI required to maintain average power. 
 

The received signal through the multipath channel can be written as 
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where   are the delay length, n(t) is a zero-mean additive white Gaussian noise (AWGN) 
process with power spectral density (PSD) 20N . When 

jD  
is the integration window output 

of the j-th pulse and 
corrT is the integration time, then the decision can be determined through 

jD by the threshold as follow,  

thresholddttrTtrD
corrdf

df

TTjT

TjT

Dj 


 




)()(                                                (3) 

 
3. Simulation results 
 

In this section, we present the detection probability of the coherent matched filter, the non-
coherent matched filter, the conventional TR receiver and the proposed TR receiver for the 
UWB radar. Fig. 3 represents the detection probability of the coherent matched filter, the 
traditional TR receiver and the proposed TR receiver when threshold is set to 0.50 of the 
normalized value in AWGN channel. As shown in the results, the detection probability of the 
proposed TR receiver with  =6 is about 3 dB better than that of the conventional TR 
receiver. In the case that threshold is set to 0.9 in Fig. 4, the detection probability of the 
conventional TR receiver is about 3 dB worse than that of the proposed TR receiver with 
 =6. 

Fig. 5 represents the Receiver Operating Characteristics (ROC) of the coherent matched 
filter, the non-coherent matched filter, the traditional TR receiver and the proposed TR 
receiver when SNR is 3dB in AWGN channel. As shown in the results, the detection 
probability of the proposed TR receiver with  =6 is approximately a 19% increase compared 
with that of the conventional TR receiver when Pf is 0.5.  
Fig. 6 represents the ROC of the coherent matched filter, the non-coherent matched filter, the 
traditional TR receiver and the proposed TR receiver when SNR is 6dB. And, the detection 
performance of the proposed TR is about a 13% increase compared with that of the traditional 
TR receiver with  =6 when Pf is 0.5.  
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Figure 3. The detection probability when threshold is set to 0.50 of the 

normalized in AWGN channel 
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Figure 4. The detection probability when threshold is set to 0.70 of the 
normalized in AWGN channel 
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Figure 5. The ROC when SNR is 3dB with AWGN channel 
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Figure 6. The ROC when SNR is 6dB with AWGN channel 
 

4. Conclusion 
 

This paper analyzed the performance of Transmitted-Reference (TR) UWB radar with 
unequaled amplitude pulse for vehicles. To improve the detection performance of 
conventional TR-UWB systems, the amplitude of a reference pulse was changed to 
order to increase the energy-to-noise ratio of that reference pulse. And the performances 
of the proposed radar were compared with a coherent matched filter, non-coherent 
matched filter and a traditional TR-UWB system.  From Monte-Carlo computer 
simulations, we can assert that the proposed TR system is superior to the conventional 
TR system in AWGN channel. Above all, an accuracy of time of arrival (TOA) of the 
proposed TR-UWB radar is remarkably improved under AWGN channel environment.  

 
Acknowledgment 

This paper was supported by Korean Ministry of Education & Science Technology. 
 
References 
 
[1]Takeshi MATSUMURA, Kazuki Eshima, Katsuya MIZUTANI, Ryuji KOHNO, “Inter-Vehicle 

Communication and Ranging System Using UWB,” The 25th Synposium on Information Theory and Its 
Applications (SITA2002) , pp.291-294, Gunma, Japan, Dec. 2002. 

[2]F. Takeshi, N. Noboru, U. Shuichi, N. Masaaki, S. Hiroyuki, T. Tsuyoshi, U. Daisuke, "A 26GHz Short-Range 
UWB Vehicular-Radar Using 2.5Gcps Spread Spectrum Modulation," 2007. IEEE/MTT-S International 
Microwave Symposium. 

[3]I. Gresham, A. Jenkins, R. Egri, C. Eswarappa, N. Kinayman, N. Jain, R. Anderson, F. Kolak, R. Wohlert, S. 
Bawell, J. Bennett and J. Lanteri, “Ultra-wideband radar sensors for short-range vehicular applications,” IEEE 
Transactions on Theory and Techniques, vol. 52, no. 9, 2004. 



International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol. 2, No. 2, June 2009 

 

 

48 

[4]I. Gresham, A. Jenkins, R. Egri, C. Eswarappa, N. Kinayman, N. Jain, R. Anderson, F. Kolak, R. Wohlert, S. 
Bawell, J. Bennett and J. Lanteri, "Ultra-wideband radar sensors for short-range vehicular applications," IEEE 
Transactions on Theory and Techniques, vol. 52, no. 9, 2004. 

[5]http://www.ieee802.org/15/pub/TG3a.html 
[6]M. Z. Win and R. A. Scholtz, "Impulse radio : how it works," IEEE Commun. Lett., vol. 2,no. 2,pp. 36-38, Feb. 

1998. 
[7]T.Q.S. Quek, M. Z. Win, "Analysis of UWB transmitted-reference communication systems in dense multipath 

channels,"IEEE Journal on Selected Areas in Communications, Vol. 23, Issue 9, 2005, pp. 1863-1874 
[8]R. Hoctor and H. Tomlinson, “Delay-hopped transmitted-reference RF communications,” in Proc. Conf. Ultra-

Wideband Syst. Technol., Jun. 2002, pp. 265–270. 
[9]J. D. Choi and W. E. Stark, “Performance of ultra-wideband communications with suboptimal receivers in 

multipath channels,”  IEEE J. Sel. Areas Commun., vol. 20, no. 9, pp. 1754–1766, Dec. 2002. 
[10]L. Yang and G. B. Giannakis, “Optimal pilot waveform assisted modulation for ultra-wideband 

communications,”  IEEE Trans. Wireless Commun., vol. 3, no. 4, pp. 1236–1249, Jul. 2004. 
[11]S. D. Kim, J. H. Lee, “Improved Detection Performance of a Transmitted-Reference UWB Radar System with 

Unequaled Amplitude Pulse for Vehicles,” 2008 IEEE Future Generation Communication and Networking 
(FGCN) pp. 59-62, Dec., 2008 

[12]M. Ho, V. S. Somayazulu, J. Foerster, and S. Roy, “A differential detector for an ultra-wideband 
communications system,” in Proc. IEEE Semiann. Veh. Technol. Conf., May 2002, pp. 1896–1900. 

[13]N. He, C. Tepedelenlioglu, "Performance analysis of non-coherent UWB receivers at different synchronization 
levels," IEEE Transaction on Wireless Communications, Vol. 5, Issue 6, June 2006, pp. 1266-1273 

[14]H. Gong, H. Nie, Z. Chen, "Performance Comparisons of UWB Selective Rake and Transmitted Reference 
Receivers under IEEE 802.15.4a Industrial Environment," IEEE Annual Wireless and Microwave Technology 
Conference (WAMICON), 2006, pp. 1-5 

[15]D.L. Goeckel, Q. Zhang, “Slightly Frequency-Shifted Reference Ultra-Wideband (UWB) Radio,” IEEE 
Transaction on Communications, Vol. 55, Issue 3, Mar., 2007, pp. 508-519 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol. 2, No. 2, June 2009 

 

 

49 

Authors 
 
 

Sang-Dong Kim was born in Seoul, Korea, in 1981. He received the 
B.S. degree in electrical engineering from Hanyang University, Ansan, 
Korea, in 2004, and the M.S. degrees in electrical engineering from 
Hanyang University, Seoul, Korea, in 2006. From 2004 to 2006, he was a 
Research Assistant with the SOC & Wireless Location Laboratory, 
Hanyang University. At Hanyang University, he worked primarily on the 
design of CSS (Chirp Spread Spectrum) ranging systems. Since 2006, he 
has been with the division of advanced industrial science & technology, 

Daegu Gyeongbuk Institute of Science & Technology (DGIST), Daegu, Korea, as a research 
engineer. From 2006 to 2009, he has been a research engineer with fusion signal processing 
project, DGIST. At DGIST, His research interests are the transmitter design and receiver 
detection of UWB radar systems.  

Jong-Hun Lee received the B.S. degree in electronics engineering from 
SungKyunKwan University, Korea, in 1996 and obtained the M.S. and 
Ph.D. degrees in electrical and electronics and computer science from 
SungKyunKwan University, Korea, in 1998 and 2002, respectively. From 
2002 to 2005, he joined in the division of Telecommunication Network, 
Samsung Electronics Company as a Senior Research engineer. Since 2005, 
he has joined in the division of advanced industrial science & technology, 
Daegu Gyeongbuk Institute of Science & Technology (DGIST), Korea, as 
a senior research engineer. His primary research interests are the detection, 

tracking, recognition for radar (FMCW & UWB radar) and vision-based vehicle sensor.  

 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



International Journal of Signal Processing, Image Processing and Pattern Recognition 

Vol. 2, No. 2, June 2009 

 

 

50 

 
 
 
 
 
 
 


