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Impulse Sequence with Manchester Encoding
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pulse position vector:t = (tg,t1,to,...,t12)%
bit-sequence vector:b = (bq, bo, ..., bg)?*

A nice relation between £ and b:

t3 —to = (14 b1)d; Define:At; = (t3 —t2) /8¢ — 1
tg —t3 = (2 + b — by1)d; At; = (ti—|—2 — tz’—|—1)/5t — 2
ts —ts4 = (2 + bz — b2)dy i=2,..8

t11 —t10 = (2 — bg)d; vector: At = (Atq, ..., Atg)T



A nice relation between At and b:

Ab = At
. [ 1
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tﬁerefore, b1 is Atq
bo is the sum Aty + At»
b3 is the sum Aty + Aty + Atg

In another word, b is the first eight elements
of the convolution sum of 1 and At
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Channel Model:
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Demodulation by Mathematical Programming

12
min > min(d;1(to,0¢,t;), dio(to, 8¢, t)) (1)

f0:0t j=1
where d;1(tg, 0+, t;) = |tg + (2¢ 4+ 0.5); — t;]
di>(tg, 0+, t;) = [to+ (26 4+ 1.5)6; — t;|,7 = 2,..,10
di11 = d12 = |to + & — 1|
dp1 = do2 = [to + 1.56; — t1]
di111 = d112 = [to + 18.56; — 1]
d121 = d122 = [tg + 19.56; — t1]



Simple implementation:linear regression on tg, ¢

Observation:
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Simple regression model:

y=1tg+ 90tk

where k = [0.5,1.5,18.5,19.5]%

y = [t1,ts,t11,t10]7, i.e. start/stop pulses
Estimate pulse positions = [fy,...,ig]{ from to,d::
min |t~z — ti|
s.t.t; = {fi1(to,0t), fio(to, o)}

where:
fi1(to,6t) = to + (2 4+ 0.5)4;
fio(to,0:) = to + (2¢ + 1.5)4;



A byte and its received noisy version at phase jitter sigma=0.4
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Clean byte [00011100] has tg = —0.5,6; = 1

Estimated tg = —0.3925,46; = 0.9695
and the byte is correctly demodulated



Simulation bit-error-rate v.s. phase noise:
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Demodulation by Mathematical Programming

12
min > min(d;1(to,0¢,t;), dio(to, 8¢, t)) (1)

f0:0t j=1
where d;1(tg, 0+, t;) = |tg + (2¢ 4+ 0.5); — t;]
di>(tg, 0+, t;) = [to+ (26 4+ 1.5)6; — t;|,7 = 2,..,10
di11 = d12 = |to + & — 1|
dp1 = do2 = [to + 1.56; — t1]
di111 = d112 = [to + 18.56; — 1]
d121 = d122 = [tg + 19.56; — t1]



(1)=

12
min Z max(—dil,—dﬁ)
t075t i=1
12
min Z; min 1TZ
t075t7z i=1 t075t72
— ——
s.t. z; > —d;1, s.t. z; > —d;,
z; > —d;o z; > —d;2
i=1,2,..,12 i=1,2,..,12

linear cost, absolute-value(quadratic) constraints



Questions?



simulation of the optimization problem in (1)
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