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Applications

T—I Communication systems

Active Sensing B

Channel estimation
| Synchronization B




Motif

“Designing analytical tool to construct
polyphase sequences with optimal PSL
growth”




Preliminaries

» Good correlation properties
» Sequences
z=[r(1) 2(2) - o(N)]T,  a(n) =K

» Auto-correlations:

aperiodic: r(k) = z(l)z*(l+ k) =r*(—k), ke{0,--- ,N—1}

tDa U+ R y» K E{0, N -1}
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Good Correlation Properties: Metrics

peak sidelobe level: PSL(xz) = max{|r(k)|}; ",
N—1

integrated sidelobe level: ISL(z) = Y |r(k)|?,
k=1

merit factor: MF(x)




Earlier Results: Peak Side-lobe Level (PSL)

N

N) = min PSL
) = min PSL(x)

» Asymptotic behavior: MM

» FEarlier Results:

m(N) <1 VN<5
m(N) <2 VN<21
m(N) <3 VN <48
m(N) <4 VN <82
m(N) <5 VN <105




Earlier Results (contd.):

N
Conjecture: As N — oo, we have m(N) » d, where d = 0.435...
vV IN
=» Moon and Moser ['68]
m(N) < (2+¢€)y/NlogN

» Mercer ['06]




Sequence Sets

Let X = {x,,}}_, be a subset of sequence of length N with |z,,[|3 = N,V m,
having optimal PSL growth.

» Aperiodic correlation:
N

X pg(k) = Z Tp(D)7q (1 = k) = 75,5 (—F)
I=k+1

paqe{la"'aM}: kE{O,,N—l}




Correlation Matrix;:

i Tx;ll(lﬂ) Tx;gl(’f) P TX;Ml(k)
rx;iz(k)  rxee(k) ..o rxme(k)
Rx. =
rxam(k) rxem(k) oo rxoamm (R
k=—-N+41,---,0,--- ,N—1.
—_— -T
—
0-.-1 0
Jk; - RX;k- = X*JkX = R;(;—k:a
1
- 0 4 NxN

=J%, k=0, ,N-1




Metrics for Sequence Sets:

» PSL: Px = maX(|TX;pq(k)|p7éq;k U |7'X;pp(k)|p;k#0):

=Sl Iy 23 xR+ D xR
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Bounds:

Welch PSL lower bound:

Welch ISL lower bound:

Brx =N\ SN T =27 =1’

Br, = N*M(M —1).
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Proposed Approach:

Let s be a sequence with entries {s(n)}!'_,. We design s as a linear combination

of the sequence set X and a weighted multiplier ¢,
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Proposed Approach (cont.)

re(k) & > s(l)s*(l— k)
l=k+1
= > (qﬁ(p)qb*(q) > xp(l):cq(l—k))
p=1g=1 I=k+1
M M
ra(B) <> ) o) 16" (@)] [rx pq (k)]
p=14= .
ﬁﬂgaé x{[rx,pq (k)| } (ZZW(FNW (q)|>

< Px |9l




Proposed Approach!!

S
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Opfimal Construction

. _ L2
()N o (m) M, f=1Xe sl

s.t. s € ()

¢ = [p(1) ¢(2) --- ¢(M)]",
s =[s(1) s(2) --- s(N)]7,
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Cyclic Minimization

= XTs,

<)

For fixed s :

For fixed ¢ :s= SGN(R(X¢))
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Direct Optimization

min || XX s — s|3
{S(R)}le
IXX"s— |3
= (XXTs—38)"(XX*"s—3)
= s*XXTXX's + s*s — 28" X X 's
— —s*XX*'s + N.

_ * +
Sopt — arg I;leafli{ s XX "s
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Numerical Examples (cont.)
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Thank You

Questions?
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