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TIME-FREQUENCY LOCKED LOOPS INTENDED FOR THE
TRACKING OF THE PULSE SIGNAL PERIODS
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This article describes the theory of the time-based frequency-locked loop (TFLL), intended for tracking the input signal periods,
which change extremely rapidly. They are based on the processing of the input signal periods. The described algorithm, when
appropriately implemented, can also be applied to track and predict any physical variable in real time, provided that the pulse
signal period is replaced with periodic data from the physical variable. The paper presents a mathematical procedure for
determining optimal system parameters for tracking rapidly changing periods. Since this mathematical procedure is very lengthy
for higher-order systems, the paper focuses on a new method of abbreviated analysis based on a tabular approach. This approach
has not been described in the literature so far. Mathematical analyses in the time domain were performed using the Z
transformation. Simulation of the system operation was carried out. For frequency-domain analysis, the theory of FIR digital
filters and the corresponding MATLAB software were used. The system's tracking capabilities are demonstrated in the time and

frequency domains.

1. INTRODUCTION

The TFLLs are based on processing the periods of the
input and output signals and the time differences between
them. References [1-11] describe their various applications.
The refs. [1-4] describe a completely new type of digital
filters based on TFLLs and intended for filtering the period
of the pulse signal. References [1,2] describe the infinite
impulse response (IIR) time-based digital filters, while refs.
[3, 4] describe the finite impulse response (FIR) time-based
digital filters.

Refs. [5,6] have already shown that some even low-order
TFLLs possess outstanding capabilities for tracking and
predicting the period of the input signal. In practical terms,
this means that these types of FLLs will not only track
changes in the period of the input signal, but they will also
be able to predict the values for one or more subsequent
periods of the input signal. In other words, TFLLs, as
electronic circuits, will recognize the law by which the input
period changes and generate a pulse signal at their output,
the periods of which will be identical to the periods of the
input signal. But in addition, TFLLs will be able to predict
the values of one or more subsequent periods of the input
signal. This article will analyze the prediction of the first
period only. By a similar principle, this theory can be
extended to predict more than one subsequent period of the
input signal.

In refs. [5,6], the possibilities of applying low-order
TFLLs in the field of tracking were only demonstrated. In
this article, the general theory of the application of TFLLs in
the field of tracking and prediction will be described. First,
the mathematical basis of this theory will be presented, and
then a tabular method will be developed that will give the
same result as the mathematical analysis. The difference
between these two approaches is that the mathematical
method for higher-order TFLLs is extremely long, while the
tabular method is simple and very short.

Some other applications of TFLLs are described in [7-11].
Although the TFLLs in [5—11] are implemented in the digital
circuit technique, and they are also important for this article,
although microprocessors must be used for the application of
the higher-order TFLLs. They are important because they
illustrate how these types of FLLs can be realized, how to
perform their analysis in the time and frequency domains,

how to simulate the operation of the observed algorithms,
how to use the Z transform in the analysis of TFLLs, how to
understand the physical meaning of the variables in this new
theory, and so on. The articles and books in [12-26] are used
as a theoretical base for electronics implementations and for
the development necessities.

2. MATHEMATICAL ANALYSIS

Let us first analyze low-order TFLLs mathematically to
describe the procedure for finding the system parameters that
provide the maximum ability of a TFLL to track the rapidly
varying periods of the input signal, and which, at the same
time, keep the system stable. The general time relations
between the input and output variables are shown in Fig. 1.
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Fig. 1 — The time relations between the input and output variables of
TFLLs.

Figure 1 will serve for the definition of the system
equations of both the second-order TFLL> and the third-order
TFLLs. It represents a general case of an input signal Sin and
an output signal Sop of a TFLL. The periods Tk and 7Ok, as
well as the time difference tx, occur at discrete times fx, fi+1,
tr+2, tr+3 and ti+4, which are defined by the falling edges of the
pulses of Sop in Fig. 1. We will start with TFLL>, which is
described by eq. (1) and (2). Equation (1) represents the
general difference equation that describes TFLL2, where b
and bz are the system parameters.

TOy42=b1Tli41 + by T (1)

One additional difference equation, describing the second
output variable, time difference tx, is presented in eq. (2).
The output T« will serve for the analysis of the transient and
stable states of TFLL2. The output 1« represents the natural
relation between the variables in Fig. 1.
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Tr+1~ Tk + TOk - TIk, (2)

Let us analyse TFLL: using Z transform. The Z transform
of eq. (1) is shown in eq. (3), where TOo, Tl, represent the
initial conditions of variables TOx and T7x. Since the process
starts at =tx, all values of variables, before =t, are equal to
zero. Therefore, according to eq. (1), 7O1=b1- Tlo. Entering
TOqinto eq. (3), TO(z) is calculated and presented in eq. (4).

Let us suppose that the input is 7/(k) = TI = constant.
Substituting the Z transform of 77(k) i.e. TI(z) = TI- z/(z-1)
into eq. (4) and using the final value theorem, it is possible
to find the final value of the output period 70O, which TFLL2
reaches in the stable state. We can calculate 7O = lim TO(k)
if k—o0, using 7O(z) as TO»= lim [(z-1)-TO(z)], when z—1.
The result is shown in eq. (5). It comes out from eq. (5), that
TFLL: is the stable system, i.e. TO»=T1, if eq. (6) is satisfied.

We can get a complete insight into the behavior of TFLL:
only after we analyze the second output variable t«. The Z
transform of eq. (2) is given in eq. (7). If we enter 70(z) from
eq. (4), into eq. (7) we can calculate 1(z), shown in eq. (8). If
we divide the denominator (-z>+zbi+b2) by (z-1), using the
condition given by the equation. (6), we can get (-z*+zbi1+b2)
= (z-1):(-z+b1-1). If we enter this result in eq. (8), we will get
the final expression for t(z), shown in eq. (9).

Substituting now 71(z) = TI- z/(z-1) into eq. (9) and using
the final value theorem, it is possible to find the final value
of the time difference t«=lim t(k) if k—o0, using t(z), given
by eq. (10). The TFLL: has the greatest ability to follow fast
changes in the input signal if the input period does not affect
the time difference t(k), in the stable state of the system.
According to eq. (10) for TFLL., that is case when b1-2=0,
i.e. if bi=2. If b1=2, it yields from eq. (6) that b>=-1. Note that
for the system of the second-order TFLL>, we have two
conditions, which determine the required system parameters.
These conditions are bi+b>=1 and bi-2=0. According to eq.
(4) and (9), the Z transforms of the transfer functions
Hrto(z)=TO(2)/TI(z) and H(z)=1(z)/TI(z) are determined and
shown in egs. (11) and (12).

z2T0(2)-z2T0y-zT0,=2b,T1(z) — zb; T, + b,TI(z), (3)

Zb1+b2

TO(z) =TI(z)—=—=2+TO,, @)
TOy = lirrll[(z —1T0(z)] =TI(b; +D,), 5)
zZ—
b, +b, =1, (6)
zt(z) — z1y="(2) + TO(2) — T1(2), @)
_ Ti(2) —z%24zby+b, | TOg+z1g
©(z) = (z-1) z2 (z-1) ’ ®)
z+b1 1  TOg+ztg
@) = TI(2)- ey ©)
‘[w:lin’ll [(z-Dt(2)] =TI(b, — 2) + TOy + Ty, (10)
zZ-
TO(z) _ zby+b
Hro(2) = 75 = 2102, (1n
_ tw(z2) _ -z+bg-1
H.(z) = T (12)

After we have determined the transfer functions and

optimal system parameters, the analysis of TFLL:'s ability
to track rapid changes in the input period follows. Let us
consider the case when the wvelocity input period
TI+1=10+pk tu, is entered into TFLL2, where "p" is the
time constant and "k" denotes an ordinal number of discrete
time #. Z transform of Th+1 is Th(z)=10-z/(z-1)+p-z/(z-1)%.

Let us now calculate the error K=lim (7Ox-TTk)k—=, when
TFLL:> reaches the stable state. One more suitable
expression for K is K=lim TI(k)-[Hro(k)-1]k—». Using the
final value theorem, K is expressed in eq. (13) by the Z
transforms of 7/v(z) and Hro(z) instead of T/(k) and Hro(k).
Note that Hro(z) is given by eq. (11).

Another parameter through which we will check the
validity of the previous analysis is the time difference tv,
shown in eq. (14). Note that tv. was calculated for b1=2 and
b2=-1 in the same way as for the case of eq. (10), but in this
case 1(z)= tv(z). The expression tv(z) was determined by
entering 71/(z)=TIv(z) into eq. (9).

K =lim{(z—1)-TI@) @ - 11, (13)
TVoo:y_I}} [(z-D1y(2)] = —p + TO, + Ty, (14)

Let us now simulate the functioning of TFLL: in the time
domain to check the correctness of the previous math
analysis. All discrete values in simulations were merged to
form continuous curves. All variables in the following
diagram were presented in time units. The time unit can be
psec, msec, or any other, but assuming the same time units
for all time variables Tk, TOx, and T, it was more suitable to
use just “time unit” or abbreviated t.u. in the text. It was more
convenient to omit the indication t.u. in the diagrams.

Using eq. (1) and (2), the simulations of Tlk, TOk and tk
for the velocity input TTk=10+2-k [t.u.] (p=2), are made and
shown in Fig. 2, together with the used parameters and initial
conditions. The simulations of 7Ok and Tt are made for two
cases. In case nr. 1, the optimal parameters are used, namely
b1=2 and b>=-1. If we enter 71(z)=TIv(z) for the velocity input
period in the equation. (13) and use parameters bi=2 and bo=-
1, we will get error K=K,=0. We can see the same result in
Fig. 2, since the output period 70 tracks the velocity input
period without an error.

In case nr. 2 the used parameters are bi=0.5 and b2=0.5. If
we enter T1(z)=TIv(z) for velocity input period in eq. (13) and
use parameters bi=0.5 and b2=0.5, we will get error K=Ky=-
3. We got the same result by simulation in Fig. 2. Note that
in both cases the parameters satisfy the condition bi+b.=1,
given by eq. (6), but in case nr. 2, the second condition bi-
2=0 is not satisfied. Consequently, in case nr. 2, the output
period TO: tracks the input period with the constant error
K=K,=-3.

Let us now consider the corresponding time differences Ti
and 12 in Fig. 2. If we enter TI(z)=TIv(z) for velocity input
period in eq. (14), derived for the case nr. 1, we will get T1=
-p+TO¢+10=-2+0+0=-2 t.u. This agrees with Ti» generated
by simulation in Fig. 2.

In case number 2, we can see in Fig. 2 that 12.—-c0, which
agrees with the fact that the second condition bi1-2=0 is not
satisfied. The complete agreement between the simulations
and the mathematical analysis proves the correctness of both.
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Fig. 2 — Simulation of the input and output variables of TFLL, for the
velocity input period 7+=10+p-k (p=2). TFLL: reaches the stable state in
two steps.

To fully examine the abilities of TFLLz in tracking highly
variable periods, it is necessary to study how this system
behaves in the case that the input period is an accelerating
function, i.e. TLi=10+p-k%, where p=2 [t.u.].

The simulations of TOx, Tlx, and T« are made only for the
optimal parameters bi=2 and bo=-1 and shown in Fig. 3. The
initial conditions 700=0 and 10=0 in Fig. 3. Z transform of
TI=10+p-k2 s TIa(2)=10-z/(z-1) + p-z(z+1)/(z-1)*. If we
enter 7/(z)=T1a(z) for the accelerated input period in eq. (13)
and use parameters bi=2 and bx=-1, we will get error
K=Ka=-4 t.u.

We can see in Fig. 3 that the output period 7Ok tracks the
input period 77x with the constant error K=Ka=-4. The output
T in Fig. 3 linearly tends to -co, which agrees with the fact
that 7Ok tracks T1; with a constant error Ka. We have already
seen this occurrence in Fig. 2 in case number. 2. The results
obtained prove once more the correctness of the complete
theory and simulations, which also completely match as in
the previous analysis.
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Fig. 3 — Simulation of the input and output variables of TFLL, for the
accelerated input period 77:=10+p-k> (p=2). TFLL: reaches the stable state
in two steps, even for the accelerated input period.

In the previous part, we described the complete analysis
that is necessary to carry out in order to find the optimal
parameters for TFLL, and investigate the upper limit of
TFLL:'s ability to track very fast changes in the input period.
This procedure can be applied to TFLL of any order.
Although TFLL. is a system of very low order, the
mathematical procedure is long and complicated. The
complexity of this procedure increases geometrically as the
order of the system increases. However, to develop a shorter
and simpler tabular method of this procedure, it is necessary

to perform an additional analysis of the third-order system
TFLLs. Using two or more examples, we can state the
general conclusions that will be valid for TFLLx of any order.

To shorten the procedure, we will use the results and
conclusions from the reference. [3], where the system of the
third order TFLL3; was analyzed. Based on Fig. 1, its
difference equation is given in eq. (15), consisting of three
system parameters bi, b2 and bs. The optimal parameters of
TFLL3, which ensure the maximum ability of the system for
tracking very fast changes of the input period, are obtained
in the same way as with the previously described system
TFLL», that is, by successively dividing the expression
[Hro(2)-1] by (z-1) with the aim of obtaining the expression
[Hro(z)-1] in the form of -(z-1)°.

In the same way as with the previously described system
TFLL, by solving the equations that are obtained in the form
of necessary conditions that the parameters must satisfy, the
optimal parameters bi=3, b,=-3 and bs=1 were obtained.
These parameters will later be used to develop a tabular
method for obtaining the optimal system parameters of any
order TFLLnx.

TOk43=b1Tlyp + by Tlyq + b3TI, (15)

Before that, based on the results related to TFLL> and
TFLLs, we can conclude some general rules, which will be
very useful for the development of TFLLs intended for
tracking and predictive applications. These rules are valid for
TFLLx of any order:

1. The number of system parameters is equal to the system
order “n”.

2.The sum of parameters “b” must be equal to one.

3. The number of the necessary divisions of [Hro(z)-1] by
(z-1), to get the optimal parameters, is equal to the system
order “n”. The successive division produces “n”
conditional equations which define the relation between
the parameters. These “n” conditional equations give the
solutions for “n” optimal system parameters b1, ba,....bn.
After “n” divisions by (z-1), [Hro(z)-1] turns into form -
(z-D"

4. The nth-order TFLLx is able to track changes in the input
periods given as Tly=+p k™! without any error. The time
difference 1. in this case is a constant that does not
depend on the input period. It depends on the initial
conditions 70 and to only.

5.The nth-order TFLL.y can track changes in the input
periods given as 77k = £p-k" with a constant error. The
time difference 1« in this case tends to -co.

6. The nth-order TFLL., is able to track changes in the input
periods given as TIx = +p-k' without any error if 0 <i <
(n-1). In this case, the smaller "i" provides wider options
in the selection of parameters to meet some additional
requirements.

7. The nth-order TFLL, is not able to track very fast changes
in the input periods given as Tly= +p-k™*..

8. The number of necessary steps that TFLLx takes to reach
the stable state is equal to the order of the system "n".

To provide more data in the development of the tabular
method of determining the optimal data, the values of the
optimal parameters for the fourth-order system TFLL4 were
mathematically derived. The procedure of this analysis is
completely identical to the one presented for TFLL, but it is
long and does not need to be repeated.
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Based on Fig. 1, the difference equation of TFLL4 is
shown in eq. (16). It is defined by 4 parameters b, b2, bs and
ba. After the mathematical analysis, the obtained optimal
parameters are b1=4, bx=-6, bs=4, and bs=-1.

T0k+4:b1TIk+3 + b2T1k+2 + b3T1k+1 + b4TIk, (16)

3. TABULAR APPROACH TO ANALYSIS

After a long analysis of finding the optimal parameters of
different TFLLs, the author noticed that there are
corresponding relations between them. The mathematical
approach to obtaining the optimal parameters, as we have
already seen, is very long. Because of that, it was reasonable
to make the additional efforts to discover this new table
approach. The optimal system parameters b1, bz, bs,...,bio for
TFLL: to TFLL1o are presented in Table 1. An explanation
of how to fill in any X field of Table 1 is given in the section
“Code” of Table 1. Let us start from the very beginning. The
orders of TFLLs are indicated on the left side of Table 1. The
difference equation for the system of the first order TFLL: is
TOk+1=b1- TIk. 1t is obvious that bi=1 to satisfy the rule nr. 2
of the previous Section 2.

All the other parameters for TFLL: do not exist. Because
of that, the rest of the row is filled with zeros in Table 1. We
have already found the optimal parameters for TFLL, bi=2

and br=-1. They are entered into Table 1. The other
parameters for TFLL2 do not exist and the rest of the row is
filled with zeros. The rows corresponding to TFLL3; and
TFLL4, for which we have already found the optimal
parameters mathematically, were filled in the same way like
the rows for TFLL: and TFLL..

After filling the first four rows with mathematically
obtained optimal parameters, we can notice that for any field
inside them, the rule or pattern X=A-B is satisfied. This
applies to all fields within the first four rows, including fields
covered even by zeros. This means that each parameter is
equal to the difference between the two parameters above. In
other words, each parameter of the n-th order TFLL, is the
difference between the same parameter of TFLLn1 and the
neighboring lower parameter of TFLLx1.

For example, parameter bo=-3-(3)=-6 for TFLL4. But if we
include any field covered by zero, the rule is also valid. For
example, parameter bs=0-(1)=-1 for TFLL4. We can notice
that the parameters b: are always equal to “n”, i.e. to the order
of TFLL.. Because of that, the first column is filled with the
corresponding number of “n”. The rest of Table 1, i.e. the
rows nr. 5 to nr. 10, were filled using the same rule. Note
that, using the same rule X=A-B, Table 1 can be extended as
much as we need, to cover TFLLx of any order.

Table 1

The optimal system parameters and Code X=A-B, showing how to fill in any field “X” of the Table 1

Optimal system parameters

flsi b1 | b2 [ b3 | b4 | b5 | b6 | b7 | b8 | b9 [b10 [~
1|1 olo|o|o|o]|o| 0] O] o0 |
2|2 |1 ]Jo|ojo|o]|o0of|oO0]|] 0] 0
33| 3| 1]o|o| o] o]o 0| 0
Code 414 |6 | 4]|-1]o]o0o]o0 oo | o0
B | A 5 |-10 | 10| -5 | 1 o|lo]|o| o] o0
X 6|6 |-15] 2|15 6 |[-1]0 ] 0| o0] 0
X=A-B 717 |21 ] 35 |35 ]| 21| -7 1 0 0 0 b
8|8 [28|56 |-70 |56 |28 8 |-1|] 0|0 |~
9| 9 |36 |84 |-126 126 |84 |36 | -9 | 1 | 0 |
10 | 10 | -45 | 120 [-210 | 252 |-210 120 | -45 | 10 | -1 |~

vt oo ! ! oo ! ! !

Letus now check the accuracy of Table 1. As it was stated,
the first four rows of Table 1 were filled by mathematically
obtained optimal parameters, but the fifth row, concerning
the system of the fifth order TFLLs, was filled using the rule
X=A-B. The best check is to simulate the difference equation
of TFLLs using the optimal parameters from Table 1 and see
if the obtained results match the expectations, defined by the
rules in the Section 2. The difference equation of TFLLs is
given by eq. (17). It is defined by five parameters b1, bz, bs,
bs and bs. If we now, using Table 1, define bi=5, b>=-10,
b3=10, bs=-5 and bs=1, eq. (17) will turn into eq. (18). Using

eqs. (18) and (2), the simulations of 71k, TOx, and 7« for the
input 71=10+2-k* [t.u.] (p=2), are made and shown in Fig. 4,

TOk45=01Tlyq + Tl 5 +

b3TLess + byTlesq + bsTI, (17)
T044s=5TIysq — 10T] 5 +
10Tlyyy — 5T sy + Ty, (18)

together with the used parameters and initial conditions.
The simulations of 70« and tk are made for two cases. In
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case number 1, the optimal parameters were used. We can
see in Fig. 4 that TOi« tracks TIx without an error, after TFLLs
reaches the stable state. In case number 2, the parameters
used are b1=4, bo=-9, b3=10, bs=-5, and bs=1. The parameters
b1 and b2 were changed, but the sum of all parameters is still
equal to one. However, they are not optimal, and we can see
that 70: is not able to track 77x. Time difference in case nr.
1 T1o= constant and T2» in case nr. 2 tends to negative infinity.
That agrees with the general rules stated in Section 2.

To prove that TFLLs, using the optimal parameters, can
track Tl=p'k* (p=2) but with a constant error, Fig. 5 is
shown. The constant error Ks can be better seen in the
enlarged part of the TOx output around k=5, when TFLLs
reaches the stable state. As it was expected, the
corresponding T in Fig. 5, tends to minus infinity.

The obtained results presented in Fig. 4 and Fig. 5 confirm
the accuracy of Table 1, but at the same time they prove the
correctness of the presented theory.

sooof
4000} b1=5 ba=-10 by10 ba=-5 bs-1 TOg-1400 To:0 /
00| 24 122 110 ba-5 beet 0000 100
2000+ TO1x Tl-10+2-K* (p=2)
1000p<,T0%k e N
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2000 "\l T2k T1w=con3t\
1000t /<— - >
0 P 'flk k
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Fig. 4 — Simulation of the input and output variables of TFLLs for the
input period TI=10+p-k* (p=2).
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Fig. 5 — Simulation of the input and outputs of TFLLs for the input period
TIi=10+p-k° (p=2) and for the optimal system parameters.

4. ANALYSIS OF FLLs IN THE FREQUENCY
DOMAIN

We can see in [5-11] that the optimal choice of
parameters for one kind of TFLL application degrades its
characteristics for another application. Therefore, a good
knowledge of the filtering characteristics of TFLLs, which
use the optimal system parameters in different tracking
applications, is required. For this purpose, we will use the
MATLAB application software intended for the
development of FIR digital filters, as described in [3, 4]. To
analyze TFLLs, we need the appropriate vector "bs", which
is defined by the corresponding transfer function.

The transfer function of TFLLs is determined by eq. (13)
and the vector "bs" by eq. (23) in ref. [3]. Vector "bs" is
borrowed from ref. (3) and shown in eq. (19) with entered
values of optimal parameters for TFLLs, defined in Table 1.
Based on this vector and using MATLAB command freqz
(bs, 1024, f5), the frequency response of TFLLs is

determined and presented in Fig. 6 for half of the sample
rate, fi=10000 Hz. The magnitude is equal to zero dB, and
the phase is equal to zero degrees up to about 1100 Hz. This
means that TFLLS, at its output, does not introduce any
change in magnitude or phase in any component up to
1100 Hz belonging to the period of the input signal.

This part of the magnitude is the same as with a low-pass
digital filter that has a cut-off frequency of about 1100 Hz.
However, the second part of the magnitude between
1100 Hz and 5000 Hz increases significantly with
increasing frequency. Unlike a low-pass digital filter that
attenuates the input signal after the cut-off frequency, the
TFLLs amplifies the input period at the output up to about
25 dB. Due to this characteristic, TFLLs can follow very fast
changes in the input period as shown in Fig. 4 and Fig. 5. It
is also necessary to see how the magnitudes change in
dependence of TFLL’s order.

bs =[0b,bybsb,bs]=[0 5 —10 10 —5 1], (19)
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Fig. 6 — Magnitude and phase of TFLLs frequency response.

Figure 7 shows the magnitudes of TFLL3, TFLLs, TFLL7,
and TFLLo. It can be seen in Fig. 7 that the magnitudes of
TFLL’s frequency responses increase with increasing of
TFLL’s order. In other word the amplification of the input
period increases with the increase of TFLL’s order, which
agrees with the previous analysis in the time domain.
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Fig. 7— Magnitudes of the frequency responses of TFLL3, TFLLs,
TFLL, and TFLL,.

6. CONCLUSION

This article describes a general theory of the time TFLLs
intended for the tracking and predicting applications. In this
article the theory is expressed in case when a TFLL, as an
electronic circuit, is used to generate the output periods
which are equal to the input periods, no matter how fast
changes of the input periods are. The faster changes require
a TFLL of higher order. Any of TFLL is a predictor at the
same time, because any next output period can be determined
in the real time by using the previous input periods. There
are many applications of the TFLL, as an electronic circuit,
in tracking and predicting of the signal. For instance, the
conversion of a physical variable into the period of an
impulse signal is a very common case in electronics. By
tracking the period, we measure the values of a physical
variable.

In addition, this theory can be applied in tracking and
predicting of any physical variable or phenomenon using the
mathematical form of a TFLL algorithm. All that is required
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is to measure the variable periodically and to feed the
measured values into the appropriate algorithm instead of the
input periods. In such an application, the properties of that
physical variable must be previously studied. In accordance
with its properties, a suitable algorithm should be developed,
and a suitable frequency of sampling should be determined.
The algorithm will recognize the regularity of the occurrence
of the variable and predict each subsequent value, regardless
of the speed of its change.

In addition to the mentioned possibilities of application,
the tabular way of analyzing a TFLL is described for the first
time in the literature. This approach has completely replaced
long mathematical analysis. The article shows a table for
TFLL of the tenth order, but it can be easily extended to
TFLLs of any order. Since any TFLL is a linear discrete
system, it means that the tabular approach of analysis can be
applied to any linear discrete system. The tabular approach
to analysis of the linear discrete systems is not described in
the literature so far.

The described method of tabular determination of the
optimal parameters of any TFLL, intended for the tracking
and predicting very fast changes of input periods, indicates
the probability that some other analyses of TFLLs will be
able to be performed using tables. That will be the most
likely direction of further research.
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