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Introduction

In the reference [1], a generating-TDMA-signal method-Carrier Interferometry-CI
is proposed. In using the Dobecci basic wavelet to detecting ultra-wideband signals
in noise, each wavelet can be a UWB signal by definition [2]. There are many papers,

which deal with UWB signals with wavelets such as g() =e "¢ [3]. This paper

gives a UWB signal generating method with the extended trigonometric function
wavelet -sinuquotient. That CI method can generate a UWB signal gives light to
the author to study the related pulse shape. Different from the conventional
trigonometric function wavelet, the paper gives a sin (0x)/x and (1-coswx)/ as a
novel wavelet-sinuquotient. The paper analyzes the characteristics of the
sinuquotient, and discusses it as a new tool to deal with the UWB signal.

The characteristics of sinuquotient

N

The CI method (generating TDMA signal): 2 Acos(i27Aft) , 1=<i<=N and
i=1

obtaining a signal as following:
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Y Acos(i27Aft) = | SinC 2y

i=1
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Where A= i/ N RIT .

In designing the optimum UWB signal, we adopt a method like CI method to
generate the UWB signal, which is according to FCC mask. The method is
different from the former method that the parameter A is 1. It is not only
simplifying processing but also giving convenience in synthesizing signals.

It is supposed that the minimum-frequency triangle function has the Af/2
frequency. The upper frequency and the lower frequency must be integer times of
Af/2; otherwise it will generate oo in the pulse. The result is obtained as following
(mark Nx2nxAf=w):

sin(N+%)x2fot—sin(%x2Wxt) _ sin(w%msf %)M%W%) (0.

icos(i X2TX N Xt) ™
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When Afreducing, the pulse is becoming sparse, and it can be considered as only
1 pulse when Af —0. We have the following formula approximately(K and P are

constant): hm Zoos(szzxéf Xt)- >K— hm Zsm(sz;zxéf Xt) >P1 —osal 3)
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Figure 1 Y cos(ix 27X Af x1) and - Figure 2 Zsin(ixzﬂ'xéfxt) and
i=l =l

SN (42); sinar < H%“” (4b). Thus:

Thus analogy is elicited: cosawr <>

sma)(t T) l— cosat—17) sind= sin|aft +7)—6)+sinf
t

+7

cos[aNt +7)—0] <> ———— (5

s1n[a)(t +7)—0]+sinf
t+7

) . ) sin wt 1—cos wt .
trigonometric function wavelet, and and are defined sine
t t

The author defines

sinuquotient, one extended

sinuquotient and cosine sinuquotient respectively. The conventional trigonometric
sin wt

function wavelet has only one mother wavelet
Tt

The following is the analysis of sine sinuquotient and cosine sinuquotient

sin wt 1—coswt
1 whenw=0, =0, =0,s0 w#0.
t t

. . . sin wt sinwt | .
2 in the frequency domain, Fourier transform of , F( ) is a gate
t

t
function. We define a gate function as the following form:
G(x1,x2)=1,V xe [x1, x2], G(x1,x2)=0 else x (6)

F(sma)t) 1Glw.w), F (H%“”):jn[(}(q ®)-G(-0,0)], @ #0

T sin[a(z‘+1‘)—(9]+sin9]2 i<

3 sinuquotient is belong to L*. J[
+7

4 sine sinuquotient and cosine sinuquotient have orthogonality.

J Smtwlt —dsmw2 t= Jzi J EG(—a%,a%)ej“dwx%tzﬂTﬂI(@@ (7)
7
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From the above, S04/=SN& g orthogonal with the % (¢ > @, ). And it is
t t

also proven that A=1 is reasonable. And cosine sinuquotient as well as sine
sinuquotient has the same orthogonality.
5 sinuquotient and its translation

Tsinag)txsinag(tw)cﬁ:: zsin @, T 1-cosayt 1-cosay(t+7) . _zsinwzr

g 47 r ) 14T T
Jl—oosagtxﬂnag(ﬁﬂ P 7(1—cos wr) )
L t+1 T

Let 1=0,the energy of sinuquotient is 7@ .
6 the relationship between sinuquotient and sinusoid.

sin(@— A)t sinwt

Choose another function to be subtracted from
t

1 1
sinwt sin(@—A)t _sinwt —sin(@—A)t _ 2cos(w- EA)t sin AXt

. i —A . 1- 1— —A
when A->0, smta)t i Sln(a)t " _ A sinar ( c;)sa)t ] COS(tw )
7 sinuquotient vs sampling function &(¢) and Hilbert transform.

)

= Asinat ).

Choose a function f(t) and its F(jo) has upper frequency fy,and suppose F,, (j®)
is the component of F(jo) in @ < @, and Fw’ol( Jjo)= f, (). Hilbert transform of

S, () 18 f "(@), F " (jw) s the Fourier transform of f,:, ():

1- cos wt

J S22 = f, (0) (12a). j SO—2Zdi=x " (0) (10)

8 the energy feathers of sinuquotient

The table 1 gives the energy of sinuquotient in limited time (the number of
sampling in time is 10000 in [0,27/w]). From the table, the sinuquotient can be
truncated in [-5m/w, St/o] with little error.

\Energy (100%)\t | [-T/o, Vo] | [-27/®, [-31/w, [-47/ o, [-57/w,
21/®] 3n/m] 4/0] Sm/m]

[[sino: JPdt 90.282% | 94.994% | 96.641% | 97.475% | 97.978%
t

sm(a)ot)

f[lzcosax 124t | 65.262% | 85.571% | 89.578% | 92.513% | 93.854%
t

Table 1 the energy feathers of sinuquotient

Sinuquotient in UWB signal processing
Given there are 9 UWB signals (3 superposition), which have the same
bandwidth 500MHz. There are 3 lines, center frequency 3.3GHz(Atag), 3 lines,
center frequency 4.0GHz(otag), and 3 lines, center frequency 4.55GHz([tag).
The synthesized signal is plotted in the upper of figure 3 and 4. According to the
sinuquotient orthogonality, if we choose a sinuquotient signal as the signal tagged
by A to multiply the synthesized signal and integrate the product, the bandwidth-
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500MHz-center frequency-3.3GHz component will be collected and others will be
cut. The simulated result is plotted in figure 3 and 4.
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figure 3 done by sine sinuquotient figure 4 done by cosine sinuquotient

Conclusion

The sinuquotient is a novel wavelet and it is simpler than other wavelets in
frequency domain and has many perfect traits. And sinuquotient is a convenient
tool to process the UWB signals. How to apply the sinuquotient to the practice is
the further work in the future.
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