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tion method can be implemented by using a Finite Impulse
Response filter to take level-crossing time samples as inputs,
take the differential level-crossing time samples as inputs, or
take the N/2-step differential level-crossing time-interval as
an input. An addition only one-step differential level-cross-
ing time-interval estimator device and a one-step differential
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TWO-MEAN LEVEL-CROSSING TIME
INTERVAL ESTIMATION METHOD

GOVERNMENT INTEREST

The invention described herein may be manufactured,
used, imported and licensed by or for the Government of the
United States of America without the payment to me of any
royalty thereon.

FIELD OF THE INVENTION

This invention relates generally to the field of signal
frequency estimation. In particular, the present invention
relates to a two-mean level-crossing time interval and signal
frequency estimation technique.

BACKGROUND OF THE INVENTION

Level-crossing time interval estimation techniques can be
useful for signal frequency estimation, rotation angular
velocity estimation and signal modulation classification. The
time interval between two level-crossing points of a periodic
function can be estimated by using a moving average of the
level-crossing time samples. Current level-crossing time
interval estimation techniques are based on a certain number
of important mathematical expressions.

Assuming that the signal g(x) is periodic in a given time
domain x; =x=x, and also assume that signal g(x) has N
number of level-crossing time samples, or measurements,
x(k), x(k-1), . . ., x(k-N+1) between x, and x, such that
glx(k)=g[x(k-1)]=. .. =g[x(k-N+1)]=E, where E is a given
level for measuring crossings. If E=0, the time samples x(k),
x(k-1), . .., X(k-N+1) are considered to be zero-crossing
points. The time interval between two level-crossing time
samples, x(k) and x(k-v), is then defined as v-step differ-
ential level-crossing time-interval, denoted by the expres-
sion:

W vy=x(k)-x(k=v), ey
where 1=vV=N-1 . . . is a positive integer. Since the
function g(x) is noisy in practice, the level-crossing time
interval will be estimated by taking the time average of:

Yk V=) -x(k=1) @

as shown below,

1 N2 3
mik, N =1)= 5= > vk =j. 1)
=0

Substituting Equation 2 into equation 3, the level-crossing
time interval estimation is:

k) —xtk-N+1) 1 )

mik, N = 1) = T =51

Yk, N -1)

For N given time samples, x(k), x(k-1), . . ., x(k-N+1), the
estimation in Equation 4 uses only the first and the last
samples, x(k-N+1) and x(k), and all other time samples
x(k-1), x(k=2), . . ., x(k-N+2) are not counted. Therefore,
the current estimation technique is based on only two
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samples so that the information in all other N-2 time
samples is not utilized. This is known as two-sample esti-
mation.

There are a number of disadvantages, shortcomings and
limitations with the current two-sample estimation tech-
nique. One problem with the current two-sample estimation
technique is that it only uses two samples at a time, so that
the information from numerous other given time samples is
not accessed and used. Another problem with the current
two-sample estimation technique is that noises in samples
x(k-N+1) and x(k) from various sources, such as electronic
components, interference in transmission or even thermal
noise, will directly affect the two-sample estimation result of
m(k,N-1). Thus, there has been a long-felt need for other
estimating techniques and devices that are quieter and
extract more information from given time samples than the
current two-sample approach.

The long-felt need for new time estimation techniques has
now been answered with N-sample level-crossing estimator
methods and devices that extract more information from
given time samples than the current two-sample approach
and that are more resistant to interference from noises. The
two-mean level-crossing time-interval and signal frequency
estimation method of the present invention extracts more
information from given time samples than existing methods,
can advantageously estimate a level-crossing time interval
with a limited number of time samples and is more accurate
than the inefficient and noisy prior art estimation techniques.
The present invention also encompasses addition only one-
step differential level-crossing time-interval estimator and
one-step differential level-crossing time-interval estimator
devices that are less noisy than inefficient prior art estima-
tion techniques.

SUMMARY OF THE INVENTION

Itis an object of the present invention to provide a method
for two-mean level-crossing time-interval estimation.

It is still another object of the present invention to provide
a method for two-mean level-crossing time-interval and
signal frequency estimation that extracts more information
from a greater number of samples.

It is also an object of the present invention to provide an
addition only one-step differential level-crossing time-inter-
val estimator device that extracts more information from a
greater number of samples and is less noisy than prior art
techniques.

It is still a further object of the present invention to
provide a one-step differential level-crossing time-interval
estimator device that extracts more information from a
greater number of samples and is less noisy than prior art
techniques.

These and other objects and advantages are accomplished
with this invention’s two-mean level crossing time-interval
and signal frequency estimation method for N-sample esti-
mation. The new technique uses all N time samples by
calculating the mean value of the first N/2 time samples and
subtracting it by the second N/2 time sample to average out
the noises in time samples. The two-mean level crossing
time-interval estimation method can be implemented by
using a Finite Impulse Response (“FIR”) filter to take
level-crossing time samples as inputs, take the differential
level-crossing time samples as inputs, or take counter out-
puts as an input. The present invention contemplates this N
time sample estimation method, an addition only one-step
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differential level-crossing time-interval estimator device and
a one-step differential level-crossing time-interval estimator
device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a flow diagram depicting a simplified N-sample
time estimator device;

FIG. 2 is a flow diagram of a tow-mean N sample
time-interval estimator device in accordance with the
present invention;

FIG. 3 is a flow diagram depicting a simplified N/2 step
differentiator level-crossing estimator device;

FIG. 4 is a flow diagram depicting an N/2-step differen-
tiator type of level-crossing time-interval estimator in accor-
dance with the present invention;

FIG. 5 is a flow diagram depicting the steps of the method
for two-mean estimating level-crossing time intervals of the
present invention;

FIG. 6 is a flow diagram depicting a simplified one-step
differential level-crossing time-interval estimator device;

FIG. 7 is a flow diagram depicting a one-step differential
level-crossing time-interval estimator device in accordance
with the present invention;

FIG. 8 is a flow diagram depicting a simplified addition
only one-step differential level-crossing time-interval esti-
mator device; and

FIG. 9 is a flow diagram depicting an addition only
one-step differential level-crossing time-interval estimator
device with two cascade moving average FIR filters in
accordance with the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

Referring now to the drawings, FIG. 1 is a conceptual
flow diagram depicting a basic N-sample time estimator
showing a signal g(x) 11 being sent to a level-crossing
sampler 12 so that the level-crossing time, x(k), represented
by arrow 13, is sampled and recorded whenever the value of
the signal g(x) 11 equals a given level E, so that signal
g(x)=E. Level-crossing time samples, x(k), x(k-1), . . .
x(k-2p-1), are inputs to the H (k) filter 14 resulting in
estimating an average time difference z(kk-2p-1), repre-
sented by arrow 15, between two consecutive time samples
and an estimated level-crossing time interval output 16.

Referring now to FIG. 2, which depicts a two-mean
N-sample time interval estimator device 20 that is a more
detailed implementation of the FIG. 1 N-sample time inter-
val estimator, where like numerals are employed for similar
structures. Signal g(x) 11 is shown being sent to level-
crossing sampler 12. Giving N=2(p+1) number of samples:
x(k), ..., x(k-p), x(k-p-1), . . ., and x(k-2p-1), where p=1,
2, . .. 1s a positive integer, a time sequence input 13 is
provided to a means for filtering 21, and as shown in FIG.
1, the output of the filtering means, arrow 15, is a time
interval estimated output according to the equation:

2p+1

dhk=2p=D= ;ﬁ a(jtk - j),

®

Referring now back to FIG. 2, the filtering means 21, further
comprising 2p+1 number of shift registers 22A-22D, adders
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4

24A-24C, amplifier 26, and coefficients of {-1,-1, ..., 1,
1}, generates an N-sample level crossing time interval
having the formula:

1 P P 6)
zk, k=2p-1)= (p+—1)2 ; x(k—z)—; xtk—i-p-1

Shift registers 22A—22D store digital data, such as memory,
each being controlled by a timing clock, which shifts out the
current stored data at the output and stores new data from the
time sample inputs. Shift registers 22A-22D provide shift
register outputs 23A-23E to adders 24A—24C, which elec-
tronically add signals, or pieces of data, together. Unlike the
prior art, the N-sample level-crossing time interval of Equa-
tion 6 is then estimated by two mean values,

P P
Zx(k—i) ande(k—i—p—l),
=y i-0

so that electronic noises in time samples: x(k), . . . , x(k-p),
x(k-p-1), . . ., and x(k-2p-1) will be averaged out to yield
an increased accuracy N-sample level-crossing time interval
estimate that is included in a filtered output 25 to amplifier
26. Amplifier 26 provides gain adjustment and calibration to
the filtered output 25, which results in an average time
difference z(k.k-2p-1) 27 and an estimated level-crossing
time interval output, represented by box 28, that are more
accurate than prior art estimation techniques because of the
higher number of samples used. The filtering means 21 may
be processed by a FIR filter.

Because the range of time difference sample x(k) within
time sequence input 13 is very large, the differential time of
Equation 1 may be used to simplify the operation. Equation
6 can be rearranged as follows:

1 M

»
(p+ 174

i

dhk-2p-1)=

[tk - —xtk—i-p-1)]

and by substituting Equation 1 into Equation 7 one obtains:

®

1 2 )
z(k,k—zp—1)=(p+—1)2[; yik—i, p+1)

Equation 8 represents one alternative implementation of the
two-mean level-crossing time interval estimation, as shown
in FIGS. 3 and 4, which depict an N/2-step differentiator
type of level-crossing time-interval estimator. Referring now
to FIG. 3, where like numerals are employed for like
structures, there is depicted a basic N/2-step differentiator
type of level-crossing time-interval estimator comprising a
signal g(x) 11 being sent to a level-crossing sampler 12, a
differentiator 32 and a moving average filter 34. In this
embodiment, the time difference between two time samples
y(k,p+1)=x(k)-x(k-p-1) is a time sequence input 33 pro-
vided to filter 34. Filter 34 estimates an average level-
crossing time difference z(k.k-2p-1), represented by arrow
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35, and an estimated level-crossing time interval, repre-
sented by box 36, is generated.

Referring now to FIG. 4, which depicts an N/2-step
differentiator type of level-crossing time-interval estimator
device 40 that is a more detailed implementation of the FIG.
3 estimator, where like numerals are employed for like
structures. The N/2-step differentiator level-crossing time-
interval estimator device 40 may be implemented by using
multiple shift registers or other means to generate 2(k.k-
2p-1). The N/2-step differentiator type of level-crossing
time-interval estimator device 40 further comprises a level-
crossing sampler 12, a differentiator 32 and a means for
filtering 44. The filtering means 44 further comprises p
number of shift registers 22A-22D, which provide shift
register outputs 23A and 23B to p+1 inputs adder 45, so that
a multiplier is not required and an amplifier 47.

In this device, the N/2-step differential level-crossing
time-interval y(k,p+1) provides a time sequence input 33 for
the filtering means 44. Adder 45 sends a filtered output 46
to amplifier 47 that provides gain adjustment and calibration
for the average level-crossing time difference z(k,k-2p-1)
48, resulting in an estimated level-crossing time interval
output 49. The average level-crossing time difference z(k,
k-2p-1) 48 is defined in Equation 8, above. The filtering
means 44 can also be a moving average filter or a FIR filter.

Referring now to the drawings, FIG. 5 depicts the steps of
the method for two-mean estimating level-crossing time
intervals and signal frequency estimation 100 of the present
invention. Step 101 is a collecting step for collecting a group
of time difference samples from a signal g(x). The group of
time difference samples further comprise N=2p+1 number of
consecutive time samples x(k), x(k-1), . . . x(k-2p-1),
where p=1, 2 . . . and is a positive integer, and electronic
noise. Step 102 is a generating a time sequence input step,
where the time sequence input from the collected time
difference samples is generated for a means for filtering.
Step 103 is a first calculating step during which a time
interval estimate output is calculated in the filtering means,
the filtering means having 2p+1 number of shift registers, a
group of adders, an amplifier and a set of coefficients
a(F{-1, -1, ..., 1, 1}, the time interval estimate output
having the same formula as Equation No. 5. Step 104 is a
providing step where a series of shift register outputs are
provided by the shift registers to the adders. Step 105 is a
generating step to generate an increased accuracy N-sample
level-crossing time interval estimate from estimating said
N-sample level crossing time interval by two mean values,

P

»
Zx(k—i) and Zx(k—i—p—l),

-0 i-0

and averaging out the electronic noises. Step 106 is a
sending step for sending a filtered output to an amplifier, the
filtered output including the increased accuracy N-sample
level-crossing time interval estimate. Step 107 is a calibrat-
ing and gain adjusting step where the amplifier provides a
calibration and gain adjustment to the filtered output and
Step 108 is a second providing step during which an average
time difference z(k k-2p-1) and an estimated level-crossing
time interval output from the increased accuracy N-sample
level-crossing time interval estimate are provided. The step
105 generating step can be implemented with any number of
inputs, including level-crossing time samples and differen-
tial level-crossing time samples.
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The present invention also encompasses the one-step
embodiments of differential N-sample time interval estima-
tors depicted in FIGS. 6 and 7. In practice, it may be easier
to measure the difference between two consecutive time
samples y(k,1), rather than to measure either x(k) or y(k,p+
1). FIG. 6 is a conceptual flow diagram of a simplified
one-step differential level-crossing time-interval estimator,
comprising a signal g(x) 11 being sent to a level-crossing
detector 61 to detect a level-crossing event, a local oscillator
62, a counter 63 and a FIR H, (k) filter 65.

FIG. 7 depicts a one-step differential level-crossing time-
interval estimator 70 that is a more detailed implementation
of the FIG. 6 estimator, with like numerals being used for
similar structures. The FIG. 7 one-step differential level-
crossing time-interval estimator 70 of the present invention
comprises a signal g(x) 11 being sent to a level-crossing
detector 61, a local oscillator 62, a counter 63 and a means
for filtering 72. Local oscillator 62 functions as a timer used
to measure the time difference between two time samples
collected from a plurality of time difference samples. A
time-interval input 64 is provided to the filtering means 72.
The filtering means 72 further comprises N-2 shift registers
22A-22D, N-3 multiplications 73A—73D, shift register out-
puts 23A and 23B, N-1 adder 74 and an amplifier 76, and
is implemented as shown in FIG. 7 by using Equation 2 and
rearranging Equation 7, as follows:

T ©
ak k=2p=1)= ——= > (k= j 1),
(p+ 1) &
with an impulse response of p(j)={1, 2, . . ., p, p+l,

D, ..., 2, 1}. A filtered output 75 is sent from adder 74 to
amplifier 76, which provides gain adjustment and calibration
to the filtered output 75, resulting in an average time
difference z(kk-2p-1), as indicated by arrow 77, and an
estimated level-crossing time interval output, represented by
box 78.

In this embodiment, the time difference between two
consecutive time samples, y(k,1), is obtained by using
counter 63, which is reset to zero at the level-crossing time
k-1 and starts to count the oscillation cycles of the local
oscillator 62. When the next level-crossing time k is
detected, the counter 63 reports the value of y(k,1) to shift
registers 22A-22D before being reset to zero for the next
measurement. The number of cycles recorded by y(k,1) is
converted and calibrated to a time scale by using a constant
K. The frequency of the local oscillator 62 is much higher
than the frequency of signal g(x) 11 in order to have a good
time resolution. The sequence of time difference samples
y(k,1),y(k-1, 1), . . . y(k-2p,1), are time interval inputs 64
to the filtering means 72. The 2p number of shift registers
22A-22D and coefficients of {1,2, .. . p,p+l,p, ..., 2,1}
estimate the average level-crossing time difference z(k k-
2p-1), represented by arrow 75, with amplifier 76 being
used for gain adjustment and calibration. The estimated
level-crossing time interval output 78 of the one-step dif-
ferential level-crossing time-interval estimator of the present
invention is more accurate than prior art estimation tech-
niques because of the higher number of samples used. The
filtering means 72 may be a FIR filter.

Yet another variation of the estimation devices of the
present invention is provided by the addition-only one-step
differential N-sample time interval estimators depicted in
FIGS. 8 and 9. FIG. 8 is a conceptual flow diagram depicting
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a simplified addition-only one-step differential N-sample
time interval estimator, comprising a signal g(x) 11 being
sent to a level-crossing detector 61, a counter 63, and two
means for filtering 82A and 82B. Here, the time difference
between two consecutive time samples, y(k,1), is obtained
by using counter 63 to provide an input 81 to the filtering
means 82A and 82B, for estimating the average level-
crossing time difference z(k,k-2p-1), represented by arrow
83, resulting in an estimated level-crossing time interval
output 84. The filtering means 82A and 82B may be a FIR
filter.

FIG. 9 depicts an addition-only one-step differential
N-sample time interval estimator 90 that is a more detailed
implementation of the FIG. 8 estimator, with like numerals
being used for similar structures. This embodiment includes
N-2 shift registers 22A-22H, N adders and no multipliers.
The addition-only one-step differential N-sample time inter-
val estimator 90 further comprises signal g(x) 11 being sent
to a level-crossing detector 61, local oscillator 62, counter
63 and two means for filtering 92 and 94. The time differ-
ence between two consecutive time samples y(k,1), is
obtained by using counter 63. The filtering means 92 further
comprises shift registers 22A-22D, shift register outputs
23A and 23B, adder 93A and filtered output 93, which is
provided to filtering means 94. The sequence of time dif-
ference samples y(k,1), y(k-1,1), . . . y(k-2p,1), are used as
time difference inputs 81 to two filtering means 92 and 94,
which can be cascade moving average FIR filters, both with
p number of shift registers and coefficients of {1, 1 ..., 1},
to estimate the average level-crossing time difference z(k,
k-2p-1), represented by arrow 97 with amplifier 96 in the
second filtering means 94 being used for gain adjustment
and calibration and resulting in an estimated level-crossing
time interval output 98. The filtering means 94 further
comprises shift registers 22E-22H, shift register outputs
23C and 23D, adder 93B and filtered output 95, which is
provided to the amplifier 96.

To avoid using multipliers and to further simplify the
computation, one can replace y(k-i,p+1) in Equation 8 with

S sk-i- b

J=0

which yields:

P (10)

D bk=i=j L]

J=0

Mﬁ

ko k=2p-1)=

p+1)2

I
=3

i

The N-sample estimation in Equation 10 actually involves a
two-stage estimation. The first stage is:

an

k—ip+1)= LS k 1] ! k—i,p+1
mik—1i, p )—ﬁ; Dk =i= . D)= =y =i, p+ D)

which processes the two-sample estimation of level-crossing
time interval defined in Equation 4 and the second stage is:
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(12

1 & )
z(k,k—Zp—l):T; mk—i, p+ 1)

and processes a moving average of two-sample estimations:
m(k,p+1), . . . m(k-p,p+1). If one chooses pn(j)={1, 1, . . .,
1}, Equation 9 will be equivalent to Equation 3, making the
two-sample approach a special case of N-sample approach.
The addition-only one-step differential N-sample estimator
in Equation 8 can be implemented by feeding y(k,1) through
two cascade moving average FIR filters 82A and 82B of the
addition-only one-step differential N-sample time interval
estimator shown in FIG. 8. The filtering means 92 and 94
can be cascade moving average FIR filters or FIR filters.

These embodiments of the present invention are intended
to be illustrative and not limiting with respect to the variety
of possible embodiments. It is to be further understood that
other features and modifications to the foregoing detailed
description of the estimating methods and devices are all
considered to be within the contemplation of the present
invention, which is not limited by this detailed description.
Those skilled in the art will readily appreciate that any
number of configurations of the present invention and
numerous modifications and combinations of materials,
components, geometrical arrangements and dimensions can
achieve the results described herein, without departing from
the spirit and scope of this invention. Accordingly, the
present invention should not be limited by the foregoing
description, but only by the appended claims.

I claim:
1. A method for two-mean estimating level-crossing time
intervals and signal frequencies, comprising the steps of:

collecting a plurality of time difference samples from a
signal g(x), said plurality of time difference samples
further comprising N=2p+1 number of consecutive
time samples x(k), x(k-1), . . . x(k-2p-1), where said
p=1,2 . . . and is a positive integer, and a plurality of
noises;

generating a time sequence input for a means for filtering
from said plurality of time difference samples;

calculating a time interval estimate output in said filtering
means, said filtering means having 2p+1 number of
shift registers, a group of adders and a set of coefficients
{-1, -1, ..., 1, 1}, said time interval estimate output
having the formula:

2p+1

ko k=2p =)= s ; a( k- )

calculating an N-sample level crossing time interval hav-
ing the formula:

ix(k—i—p—l)

i=0

zk, k=2p —

1)2 Z xth =) -

providing a plurality of shift register outputs from said
shift registers to said adders;
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generating an increased accuracy N-sample level-crossing
time interval estimate from estimating said N-sample
level crossing time interval by two mean values,

P

»
Zx(k—i) ande(k—i—p—l),

=0 i=0

and averaging out said plurality of electronic noises;
and

sending a filtered output to an amplifier, said filtered
output including said increased accuracy N-sample
level-crossing time interval estimate;

calibrating and gain adjusting said filtered output; and

providing an average time difference z(k,k-2p-1) and an
estimated level-crossing time interval output from said
increased accuracy N-sample level-crossing time inter-
val estimate.

2. The method for two-mean estimating level-crossing
time intervals and signal frequencies, as recited in claim 1,
further comprising the step of subtracting said second N/2
time samples from said mean value of the first N/2 time
samples to average out a plurality of electronic noises from
said first N/2 time samples and said second N/2 time samples
to form said time sequence input.

3. The method for two-mean estimating level-crossing
time intervals and signal frequencies, as recited in claim 2,
further comprising the step of selecting a finite impulse
response filter H,(z) as said filtering means.

4. The method for two-mean estimating level-crossing
time intervals and signal frequencies, as recited in claim 3,
further comprising the step of operating said device with a
plurality of software programs.

5. The method for two-mean estimating level-crossing
time intervals and signal frequencies, as recited in claim 4,
further comprising the steps of:

recording a plurality of cycles by said time difference y(k,
1); and

calibrating said plurality of cycles to a time scale by a
constant K.

6. The method for two-mean estimating level-crossing
time intervals and signal frequencies, as recited in claim 5,
further comprising the step of storing digital data in said
shift registers.

7. The method for two-mean estimating level-crossing
time intervals and signal frequencies, as recited in claim 6,
further comprising the steps of:

controlling each one of said shift registers with a timing
clock to shift out a plurality of stored data as an output;
and

storing a plurality of additional data from said time
sequence input.

8. An addition only one-step differential level-crossing

time-interval estimator device, comprising:

a signal g(x), having a signal frequency, is sent to a
level-crossing detector to detect a level-crossing event;

a plurality of time difference samples, further comprising
a series of time samples y(k,1),y(k-1,1), . . . y(k-2p,1)
and a plurality of noises, are collected;

a local oscillator, having a higher frequency than said
signal frequency, functions as a timer to measure a time
difference y(k, 1) between two of said plurality of time
difference samples;

a counter provides a plurality of time difference inputs to
a plurality of means for filtering;
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each one of said filtering means, having p number of shift
registers, an adder and a set of coefficients of
{1,1, . . ., 1} generates an addition-only differential
level-crossing time interval estimated output;

said addition-only differential level-crossing time interval
estimated output being processed in two stages, a
two-sample estimate of a level-crossing time interval
being processed according to a first stage equation:

k'+1—1p[k"1]—1k'+1
mk —i, p )—m; yk—i-j, )—my( -Lp+l)

and a moving average of a plurality of two-sample
estimations m(k,p+1), . . . , m(k-p,p+1) being pro-
cessed according to a second stage equation:

1 & )
z(k,k—Zp—l):m; mk—i, p+ 1)

said shift registers provide a plurality of shift register
outputs to said adders;

said addition-only differential level-crossing time interval
estimated output averages out said plurality of noises
and generates an increased accuracy differential level
crossing time interval estimate in a filtered output to an
amplifier; and

said amplifier provides a gain adjustment and a calibration
to said filtered output, resulting in an average level-
crossing time difference z(k.k-2p-1) and an estimated
level-crossing time interval output.

9. The addition only one-step differential level-crossing
time-interval estimator device, as recited in claim 8, further
comprising said filtering means being two cascade moving
average finite impulse response filters.

10. The addition only one-step differential level-crossing
time-interval estimator device, as recited in claim 9, further
comprising said device being operated by a plurality of
software programs.

11. The addition only one-step differential level-crossing
time-interval estimator device, as recited in claim 10, further
comprising a plurality of cycles recorded by said time
difference y(k, 1) are converted and calibrated to a time scale
by a constant K.

12. The addition only one-step differential level-crossing
time-interval estimator device, as recited in claim 11, further
comprising said adders adding two signals together elec-
tronically.

13. The addition only one-step differential level-crossing
time-interval estimator device, as recited in claim 12, said
shift registers storing digital data.

14. The addition only one-step differential level-crossing
time-interval estimator device, as recited in claim 13, further
comprising each one of said shift registers being controlled
by a timing clock to shift out a plurality of stored data as an
output and store a plurality of new data from said time
sequence input.

15. A one-step differential level-crossing time-interval
estimator device, comprising:

a signal g(x), having a signal frequency, is sent to a

level-crossing detector to detect a level-crossing event;
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a plurality of time difference samples, further comprising
a series of consecutive time samples x(k), x(k-1), . . .
x(k-2p-1) and a plurality of noises, are collected;

a local oscillator, having a higher frequency than said
signal frequency, functions as a timer to measure a time
difference y(k, 1) between two of said plurality of time
difference samples;

a counter is reset to zero at a level-crossing time k-1 and
counts a plurality of oscillation cycles in said local
oscillator;

a one-step differential level-crossing time interval is esti-
mated by taking a time average of:

Yk D)=x(k)-x(k=1);

said one-step differential level-crossing time interval is
provided as a time interval input to a means for
filtering;

said filtering means, having N-2 number of shift registers,
an N-1 adder, an N-3 number of multipliers and an
impulse response of n(j)={1,2, .. ., p, p+1,p, . .., 2,
1} generates a differential level-crossing time interval
estimated output according to the equation:

2p

1 . o
Wk, k=2p-1)= W—l)z; Hyk = J, 1);

said shift registers provide a plurality of shift register
outputs to said adder and said multipliers;
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said differential level crossing time interval estimated
output averages out said plurality of noises and gener-
ates an increased accuracy differential level crossing
time interval estimate in a filtered output to an ampli-
fier; and

said amplifier provides a gain adjustment and a calibration

to said filtered output, resulting in an average time
difference z(k k-2p-1) and an estimated level-crossing
time interval output.

16. The one-step differential level-crossing time-interval
estimator device, as recited in claim 15, further comprising
said filtering means being a finite impulse response filter.

17. The one-step differential level-crossing time-interval
estimator device, as recited in claim 16, further comprising
said device being operated by a plurality of software pro-
grams.

18. The one-step differential level-crossing time-interval
estimator device, as recited in claim 17, further comprising
a plurality of cycles recorded by said time difference y(k, 1)
are converted and calibrated to a time scale by a constant K.

19. The one-step differential level-crossing time-interval
estimator device, as recited in claim 18, said shift registers
storing digital data.

20. The one-step differential level-crossing time-interval
estimator device, as recited in claim 19, further comprising
each one of said shift registers being controlled by a timing
clock to shift out a plurality of stored data as an output and
store a plurality of new data from said time sequence input.



FURTHER READING

Click any one of the following links to be taken to a website which contains
the following documents.

The following are some recent examples of Asynchronous ADC activity off the web.

6 bit Asynchronous December 2006

Asynchronous ADC In CAD Mentor Graphics

Asynchronous Data Processing System

ASYNCHRONOUS PARALLEL RESISTORLESS ADC

Flash Asynchronous Analog-to-Digital Converter

Novel Asynchronous ADC Architecture

LEVEL BASED SAMPLING FOR ENERGY CONSERVATION IN LARGE NETWORKS

A level-Crossing Flash Asynchronous Analog-to-Digital Converter

Weight functions for signal reconstruction based on level crossings

Adaptive Rate Filtering Technique Based on the Level Crossing Sampling

Adaptive Level—Crossing Sampling Based DSP Systems

A 0.8 V Asynchronous ADC for Energy Constrained Sensing Applications
Spline-based signal reconstruction algorithm from multiple level crossing samples
A New Class of Asynchronous Analog-to-Digital Converters

Effects of time quantization and noise in level crossing sampling stabilization

Here is some more background information on Analog to Digital converters.

A 1-GS/s 6-bit 6.7-mW ADC

A Study of Folding and Interpolating ADC
Folding_ ADCs_Tutorials

high speed ADC design

Investigation of a Parallel Resistorless ADC

Here are some patents on the subject.

4,291,299 Analog_to_digital_converter_using_timed
4,352,999_Zero_crossing_comparators_with_threshold

4,544,914 Asynchronously controllable_successive_approximation
4,558,348 Digital_video_signal_processing_system_using
5,001,364 _Threshold crossing detector

5,315,284 _Asynchronous_digital_threshold_detector_

5,945,934 Tracking_analog_to_digital_converter

6,020,840 _Method_and_apparatus_for_representing_waveform
6,492,929 Analogue_to_digital_ converter_ and_method

6,501,412 Analog_to_digital_converter_including_a_quantizers
6,667,707 _Analog_to_digital_ converter with_asynchronous_ability
6,720,901_Interpolation_circuit_having_a_conversio2
6,850,180_SelfTimed_ ADC

6,965,338_Cascade_A_ D_converter

7,133,791 Two_mean_level crossing_time_interval
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