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A Study on Suppression of Cross-Correlation of Pseudo Random

Sequences with Carrier Frequency Fluctuation of UWB Radar Systems
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Abstract Ultra wideband (UWB) radar system, which has a higher range resolution than optical cameras, is an
important technique for safe guard systems. In real applications, it is required that multiple radar systems can
be operated simultaneously in a close location. Direst-Sequence Spread Spectrum (DS-SS) technique can suppress
in-band interferences by making use of code sequences with low cross correlation. When multiple DS-SS UWB
radars are independently operated, it is difficult to accurately synchronize the carrier frequencies. Here we examine
the optimum code sequences for pseudo-random noise code in the existence of carrier frequency offset. It is shown
that in some cases better performance can be obtained for shorter codes than longer ones.
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Fig.2 Examples of M-sequences with period 7 and 63.
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Fig.3 Auto-correlation functions of M-sequences with period 7

and 63.

gobooooooobooooboooobooo
4. J00O0O0O0ODDODOODOOOOO0OO

000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
00D00D000D00000000 ¢(t)00000000000
r(r,Aw)0 00000000

r(1, Aw) = / ot + 7)e(t)e ™t dt (1)

0000000 ¢t0000 ¢(t4+7T)=c(t)00000000Aw
0000000000000000000000Aw=000
000000000000 r(r,0)0000000000000
ooo

000000000000000000000000000
0000000040000000000000 7= 10chipd
00000 r=20chip00000000000000000
0000000000000000000 OppmO 100ppm0
1,000ppm 0 30000000000000000 Oppm 00
000000000000 0dBOO00000100ppm 0000
000000000 0ppmO000000000000000
000000000000000000000001,000ppm
0000000000000000000000000000
0000000000000000000000000000

9



w
o

Synchronous f AsynchronousA
25 Signal Sigral
— i
m .
S, 20
o .
0;’ 15 & ’.’ Aw/me=1000ppm
o ! \ | i i A\
o AN ! 1 " 1 ) {EEA =y
=10} II‘\ ] \ a \ 7 [ Vi \.
g \ /,\\ Y \Jl “ l' ‘\ / > (24 R
=2 VONG Y Vo s
»n 5 Vi L
VI /=100
. PN Ao/w=1 m
0 > .t \ o~ 1/ \ /| . /\0 ,~.pp__
Aw®/®y=0ppm
S 2530

15
Time [chip]

04 00000 AwOOODOO
Fig.4 The relationship between angular frequency offset Aw and

interference signal.
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Fig.6 Partial auto-correlation function of M-sequence with pe-
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riod 7 for 7 = 1chip.

N w M
L —C

-2 :/

“43 2 0 1 2 3 4

08 7=1chip000000 640 MOOOOOOOOOODOOO

ooo
Fig.8 Partial ambiguity function value of M-sequence with pe-

riod 64 for 7 = 1chip.
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