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ABSTRACT

In this paper, a new discrete Symbol Timing Recovery(STR) algorithm is proposed. This algor-
ithm is derived from the optimum estimation theory. The algorithm combines the advantages of
Mueller and Miiller algorithm and Gardner algorithm, and avoids some of their shortcomings. The
implementation of the new timing detector is simple and the combined operations of Carrier Recov-
ery(CR)-STR is possible because the operation of the new STR is independent of the carrier phase,
On the other hand, the behavior of nonlinear charateristics in the new algorithm is analyzed and
explained. The performance evaluation is accomplished in detail by numerical calculations and
Monte-Carlo simulations. In these respects, this algorithm is similar to Gardner’s algorithm, but in
tracking performance due to pattern jitter at small rolloff, the proposed algorithm is superior to
Gardner’s algorithm,
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Fig. 1. Bandlimited data transmission system
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Fig. 2. The linear approximation of actual zero-crossing
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B g¥o] F4ABE of g oJste] oj=Pxel
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— N(nTs)cosdn — Ns(nTs)sin g,
Zo(n) = A;(nTs) sings +B1(nTs) cosds
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|,

Zi2(n) + 2 (n)=A%(nTs) cos?gn+B2(nTs) sin’gy,
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+Nc2(nTs) sin?gn+N2(nT;) cos?éy
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B(n)=[(Zi2(n)+Zg¢1n)) = (ZXn-1)+Zg¢(n-1))] /2.
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+[(N2(nTs) +Ne2(nTs)) — (NA({n—1)Ts)

+N2((n—1)Ts)) ] :NxN
—2.x[(A(nTs) +Ns(nTs) —Bi(nTs)

+Ne(nTs) ] :SxN
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+Bi((n—1)Ts)+Nc((n—1T) 1]} /2.: SXN
(24)
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2 4 Muellers} Muller 2} €}o] 9 detector 2] &4}
Fig. 4. The characteristics of Mueller and Mtiller’s tim-
ing detector
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fr)=X({r—1/2) x[X({)~X(r—1)] (27

o] 2} 3+ e}e] W detector2] Elelwy ¥4+ Gardner
o o}s) olef o] 4 (28) 7 o] AAH}IS

f(r) =~ (4. /T)sin(2z7/T) f17 G(f)
G(1/T—fsin(zfT)df (28)

23NN % A 719 vlet FAFSHA Gardner € 1#
SoMe AdHEAGHS GO/T-DH)Y FHE 4
(28)°] 2 &5lo] gloly ol 71&ve] 2718 F
$-3HA 3 o] ghe dE X Ao wiue g,

olef o 1Y 5% Gardner Zme BA [V G(f)
G(1/T—f)sin{=zfT)df, 94 B23re] FH(Over-
lapping) & a° we} Jeld Aol

0.2]

Pulse Spectrum Overlapping
o
@

[} 0.5 1
IT (normalized freq.)
38 5 Gardner 21 Eol N a gholl BE Q1G5 W29
2HEY o FHAR
Fig. 5. The overlapping of adjacient pulse spectra vs. a
in Gardner algorithm

#9] 29 500 M SUR0) rolloff, a7t ETF F
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Ehdch (A 3318 ehol 9= A, ¢ /T:[—0.5,0.5])

timing detector output

0. 05
Normalized offset

18 6. Gardner algorithm®] €}ol detector &4
Fig. 6. The characteristics of Gardner’s algorithm tim-
ing detector
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WA T FARE A 24 HE Ao U
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A E GHQ F3H A B ot
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