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Example of bandwidth as function of |z|
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Time parameter as function of |z|
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Time parameter as function of |z|
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CDL time parameter as function of |z|
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DcL time parameter as function of |z|
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Input (thin line), rec. moving window median (dashed)
and respective small-a DcL output (larger «).
Rectangular moving window mean is shown by dotted line
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Input (thin line), rec. moving window quartiles (dashed)
and respective small-a DcL outputs (larger «)
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Phase-space plots of incoming signal (black)
and various quantile outputs of small-o CDL (white)
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Gaussian input signal (black),
rec. moving window average (white dashed), and
MCT from quartile outputs of small-a DcLs
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non-Gaussian input signal (black),
rec. moving window average (white dashed), and
MCT from quartile outputs of small-a DcLs
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Adaptive NDL (lowpass-based resolution setting)
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DoL time parameter as function of |z|
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Input voltage y pV.+ T >
_I_
LC
Control Vgcltage -
Absolute value |z — (| =V,
CvC
Scaling K 1 for |z —(|<La
(resolution) T=0—X
voltage « B |Z;C| otherwise

1 1 for |z —(|<a

otherwise
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Output voltage (,

Input voltage & ﬁ T >
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— Output voltage (y
Input voltage y BVe+ T >
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Klz = CP? circult %
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4
Scaling K L for |2 = ¢[<a
(resolution) T=C-—X 2
voltage Ka? g <|Z;C|) otherwise
\
. (1 for|z—¢|<a
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K (ﬁ) otherwise
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Controlled resistor
circuit R(|x — x|)

Output voltage X

Input voltage &L

~CRC >
A
_ C
Scaling
(resolution) Quantile offset | A
voltage X voltage (O - =
1 z(t) —x() | .
X(t) = — /dt + qagm
C R(|lz — x|) ’
1 1 for |z — x|<a
where R(|z — x|) = — X
gm 2=xl gtherwise

Fig. 37
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I.=ogm|q+

sign(z —x)  otherwise
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T Output voltage Y
Y >
Input Gk il
voltage L Control voltage i = /-ai
circuit V. | é E/,
~ove b— § SR
+ 1~ O |
: d 2
Resolution : % S
voltage X '\____;_?__,'
1 for |z —x|<a
T=L—X
K @ otherwise
1 1 1 for |z —x|<c
if ——— =08V, and V.=—X
R(V.) K 2=xl  otherwise
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tput volt
Input voltage @ Output voltage C:c)
L
g § R(V.)
=
L Output voltage
Input voltage ¥y p g Cy)
Control voltage
K|z — ¢|? circuit v
CvC > § R(V;)
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1 for |z — (| La

. B
T = L — X 2
K (|z;¢|> otherwise
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otherwise
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Example of odd order NDL-based lowpass filter

5th order NDL-based lowpass filter

/ # . :
K = 4:“)7g“t)—\:==>

]
o

I I
V4 1 rd N |
5th order | 1st order  4th order linear |
NDL-based I NDL/ANDL lowpass filter |
lowpass filter ! Q2> Q> % !
N e e e e e e /
Pole-zero diagram
Aiw we(|2z]) is non-increasing function of |z|:
=7 A
,+/
, we(|z| +€) Swe(|z]) Lwg for >0
/
ai wo
’I
[ we(lz ()
1
"‘ wg E.g. for 1st order CDL:
N 291
iy w0 1 for |z —(|<a
N 2Q; we(lz = ¢]) =wox { :
W g otherwise

Fig. b7
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Example of odd order NDL-based lowpass filter

5th order NDL-based lowpass filter

I 1
/ e BO—cii0 :

— 7’\ —> = — 7§ T\
5t}/1 order i 31«(,;1 order 2nd order lineari
NDL-based ! NDL/ANDL lowpass filter |
lowpass filter ! Q> Q> % !

Pole-zero diagram

we(]z]) and Q(|z|) are non-increasing functions of |z|:

Aiw
A we(l2] +e) Swel(l2]) Swo for &> 0
S we 2 and
/ ﬁ 2Q2 wo
J QUz|+e)<Q(z]) £Qy for >0
! ! wc —_—
I g E.g. for 3rd order CDL:
(S PR
\ PR
N 1 for |z —¢|<a
>
N we(|z = () =wox ¢ | :
s, 2Qo To=q| otherwise

and Q(|z|) = Qo = const

Fig. H8
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Example of even order NDL-based lowpass filter

4th order NDL-based lowpass filter

——————————————————————————————

1 I
Pl e.g. iz(t) 7 ¢(t) i
= A= = — N\
7 [ .
4th order | 2nd order 2nd order linear|
NDL-based | NDL/ANDL lowpass filter |
lowpass filter : Q> Qo > % !

_____________________________

Pole-zcro diagram

wc(]z]) and Q(|z|) arc non-increcasing functions of |z|:

Adw
;;(/ wel|z] + &) Sw(|z]) Kwg for >0
Ve (]
S we 20, and
g R 0 Q= +9) < QU < Qo for >0
! Rlz— ) -
;\ '\ gl i E.g. for 2nd order CDL:
(W e
AY ,’
KWiat 1 for |z —¢| <
P,
N1 we(|z — ¢]) = wo X
\*\2Q0 ﬁ otherwise

-~
e

and Q(|]z]) = Qv = const

Fig. 50
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Example of odd order CDL/FrankenSPART-based lowpass filter

3rd order CDL-based lowpass filter

e —————————— -,

! 1
! 1
: 152 order 2nd order linear |
i lowpass filter !
! 1
! 1

with @ > 1
a €8 or
7< > =
7 3rd order FrankenSPART-based filter
3rd order P .
NDL-based ) ) !
lowpass filter x X I
5(%:#»7') \ %:

FrankenSPART 2nd order linear

1

1

1

Pole-zero diagram with u = awy lowpass filter i
1

1

: 1
and T = with Q > 3
Adw N O_ _________________ s
el
o
7’
4
/ Wo
!
| wel@—x)
!
welx — x
1 [+
| g
l >
1
\ 1 for |z — x|<a
\ we(r — x) = wo X N )
AN
\ wg = otherwise
N 2Q
e Em—
q{\\

Fig. 60
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x1(t) (signal) PSD Amplitude density
° ! ! ' § ' 0 dBG
.......... ................................. (I)
0 é 1I0 1I5 20 , 01 4 8 -3 0 3
|+
N 0 dBG
____________ N
0 é 1IO 1I5 20 01 4 8 -3 0 3
xz1(t) + z2(t) (signal+noise) =
: ! ! g 5 ~ 0dBG
f I < am
-3 0 3

0 5 10 15 20 01 4 8 12 -3

0 5 10 15 20 01 4 8 12 -3

4t . antiderivative
of running median

£-22.6dB : ~\ 0 dBG
(VI)
0 1 2 -2 0 2
time (B.') frequency (B,) amplitude
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Recipe for constructing an improved NDL-based filter

Original linear filter

Linear filter comprising a lowpass stage

lz

Equivalent linear filter

Linear filter comprising a 1st sequence of stages
followed by a lowpass stage

Optionally comprising a 2nd sequence of stages following the lowpass stage

|

Improved NDL-based filter

Filter comprising a 1st sequence of linear stages
followed by an NDL stage

wherein the 1st sequence of linear stages
increases the impulsiveness of the interference

| Optionally comprising a 2nd sequence of linear stages following the NDL stage )

Fig. 66
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Particular illustration of constructing
an improved NDL-based bandpass filter

Original linear bandpass filter

O ) l ™\
! I/" (r+T)s
— >i$\ S— (1 + s7)(1 + sT)
\ T e

lz

Equivalent linear bandpass filter

1st order 1st order
highpass lowpass
we =+ (high)  w.= 7 (low)

J

Improved NDL-based bandpass filter

/
A
1st order 1st/ order

highpass NDL/ANDL
we =7 (high)  wo= % (low)

Fig. 67
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Particular illustration of constructing
an improved 2nd order NDL-based bandpass filter

Original 2nd order linear bandpass filter

4 )
/’—- ~\\ w
N
7\‘_ \ —=8
—&— >
w
\ ! s+ Gs + w?
Q ¢
\\5"—’/
\. J/

Equivalent linear filter

—1d
differentiator 2nd order
lowpass

|

Improved 2nd order NDL-based bandpass filter

/
_ 1a 7<
V4
differentiator 2nd order
NDL/ANDL

Fig. 68
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Idealized particular illustration of constructing
an improved NDL-based lowpass filter

Original linear lowpass filter

Equivalent linear lowpass filter

= 4... —\ fdt... =

differentiator integrator

|

Improved NDL-based lowpass filter

7

= 4... 7§ [dt... >

I 4
differentiator integrator

Fig. 69
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