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ABSTRACT

With the advancement in technology, many features of the large-scale systems are being embedded and
miniaturized. This has led to investment of significant efforts on development and implementation of various
‘soft elements’ of embedded systems including their testing and verification. The ‘soft elements’ here is broadly
referred to several of the dynamic elements like filters, faders or transient free switches, rate limiters etc. which
are used in the soft form (as part of the computational algorithms within the software) within the embedded
systems for various applications. The soft faders or Transient Free SWitches (TFSW) are used for gradual
transition between signals (instead of instantaneous transition) over a finite time on occurrence of the specific
event or setting of a defined discrete. Thus, it helps in eliminating the unwanted effects, especially transients in
the final outputs or commands and in turn maintaining the safety and performance of the overall system.
Implementation of the fader itself involves other levels of considerations like rate of computation, maintaining
the memory requirements and overall execution time of the processor to cater for real time computations of the
embedded systems of safety critical nature like fly-by-wire flight control system. This article presents details on
the fader or transient free switching computations. The article provides brief recursive formulation of the fader
implementation as well as proposes various types of possible faders and their comparative analysis. The article
also proposes the TFSW with the feature of termination of computations at Less than or Equal to Fader Time
(LEFT), if the signal reaches to the selected output prior to the completion of the pre-fixed time. Functionality of
the proposed faders is demonstrated through simulation results. Based on the experience gained over a period of
time while working on safety critical embedded systems, some guidelines for formulating the TFSW related
requirements have also been provided. The relevant experiences are also shared with the help of a few
illustrative examples.
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I.  INTRODUCTION

With the advancement in technology, many
features of the large-scale application systems are
being embedded and miniaturized. This has led to
investment of significant efforts on development of
various ‘soft elements’ of embedded systems
including their testing and verification [1-5]. The
‘soft elements’ here is broadly referred to several of
the dynamic elements like filters, faders or transient
free switches, rate limiters etc. are used in the soft
form (as part of the computational algorithms within
the software) within the embedded systems for
various applications. The soft faders or Transient
Free SWitches (TFSW) are used for gradual
transition between signals (instead of instantaneous
transition) over a finite time on occurrence of the
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specific event or setting of a defined discrete. Thus,
it helps in eliminating the unwanted -effects,
especially transients in the final outputs or
commands and in turn maintaining the safety and
performance of the system. Implementation of the
fader itself involves other levels of considerations
like rate of computation, maintaining the memory
requirements and overall execution time of the
processor to cater for real time computations of the
embedded systems of safety critical nature like fly-
by-wire flight control system. There are examples
where the implementation of the faders has affected
the software functioning and the updates required
[6].

This article presents details on the fader or
transient free switching computations. The article

provides brief recursive formulation of the fader
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implementation as well as propose various types of
possible faders and their comparative analysis. The
article also proposes the TFSW with the feature of
termination of computations at Less than or Equal to
Fader Time (LEFT), if the signal reaches to the
selected output prior to the completion of the pre-
fixed time. Based on the experience gained over a
period of time while working on safety critical
embedded systems, some guidelines for formulating
the fader related requirements have also been
provided. The relevant experiences are also shared
with the help of a few illustrative examples.

The article is organized as given below.
After introduction, Section 2 presents generic
background of the embedded systems involving
software and hardware and associated constraints
which are usually encountered. Section 3 presents
the details on the soft Transient Free SWitch
(TFSW) which is also referred to soft fader. This
section provides brief recursive formulation of the
fader as well as proposes various types of possible
faders and their comparative analysis. The
subsection herein also presents the TFSW with the
feature of termination of computations at Less than
or Equal to Fader Time (LEFT), if the signal reaches
to the selected output prior to the completion of the
pre-fixed time. Section 4 provides the details of the
proposed faders through simulation results
demonstrating their functionality. Section 5 presents
experiences gained over a period of time and lessons
learnt. Section 6 presents some guidelines for
formulating the fader related requirements. These
guidelines have been arrived at based on the
experiences gained over a period of time while
working on the design and development of the safety
critical fly-by-wire flight control system. Section 7
concludes the paper.

Il.  EMBEDDED SYSTEMS AND ON-
BOARD CONSTRAINTS

The algorithms functioning in the form of
large-scale software involve several nonlinear and
dynamic computational elements, and intensive logic
for reconfiguration (failure detection, isolation,
selection). The logic itself is dependent on the
several other discrete conditions which may be
external due to user demand or the system failure or
internally generated by the system due to satisfying
certain criteria during the operation as intended.

The nonlinear elements such as nonlinear
functions or lookup tables themselves may be fixed
or reconfigurable depending upon the operating
point of the plant or failure in the system. The
dynamic elements involve faders (used for smooth
transition of the signal from present value to the
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desired value over a specified time whenever
reconfiguration takes place on occurrence of a
specific event), filters (used for smoothening the
signal within a range of frequency of interest or
extracting the signal with range of frequency of
interest), persistency counters (used for counting the
elapsed time on occurrence of an event) etc. The
analysis of the data evaluation of multi-input multi-
output (MIMO) system involving such elements and
their interdependencies becomes very complex. Over
and above, the noise due to electronics hardware
also adds some uncertainty on the exact matching of
the data with the expected value. It may be noted
that the ground test rigs used for evaluation of such
safety critical systems have their own additional
hardware to facilitate the data acquisition at various
intermediate stages. The inherent characteristics of
these additional hardware elements are required to
be understood thoroughly. In the data analysis, it is
required to identify and distinguish the effects of on-
ground test rig and onboard system hardware
characteristics, separately on the overall clearance of
the implemented system.

After the entire embedded system
(including the hardware and software) is cleared for
initial onboard evaluation during prototype
development, there could be more number of
iterations for the software upgradation to embed all
the functional requirements gradually in a step by
step manner. These new requirements need to be
assessed thoroughly at on-ground test platforms. The
evaluation at on-ground hardware-in-loop test rig is
classified as ‘black box’ testing. In the ‘black box’
testing, tester does not have an idea of how the
functional requirements are written / coded but only
based on the available knowledge of the functional
requirements, the testing needs to be carried out and
results to be assessed.

Therefore, the system designer must understand

the test setup and associated features apart from the
constraints of the onboard hardware. Based on
relevant knowledge, one should incorporate the
required test points (also called intermediate states
which are to be acquired during the testing either on-
ground or on-board) from the algorithms residing in
the form of software in the on-board computer.

2.1 CONSTRAINTS OF THE ON-BOARD
SYSTEMS

With available hardware architecture of the
embedded system, the increase in software
functionality leads to the constraints on the
execution time, i.e., the specific computations of the
algorithms should be completed within the specified
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time frame. In case of safety critical fly-by-wire
system for the high-performance combat aircraft,
these constraints play a critical role. The onboard
software has to play a crucial role of sending the
data on the multiple data recording devices while
doing the complex and voluminous computations in
real time involving several tasks [5].

I1l. TRANSIENT FREE SWITCH OR SOFT
FADER (TFSW)
The transient free switches are used for

gradual transition between signals (instead of
instantaneous transition) over a finite time on
occurrence of the specific event or setting of defined
discrete. Thus, it helps in eliminating the unwanted
effects, especially transients in the final outputs or
commands and in turn maintaining the safety and
performance. Implementation of the fader itself
involves other levels of considerations like rate of
computation, maintaining the memory requirements
and overall execution time of the processor to cater
for real time computations of the embedded systems
of safety critical nature like fly-by-wire flight
control system. The operation of the TFSW is
illustrated in Figure 1.

3.1 Various Types of Faders

Common purpose of the TFSW is to enable smooth
transition between the signals on setting of relevant
discrete. The signals used for such reconfiguration
also vary during the time of transition. Depending
upon certain metrics as listed in Table 1, like:
computational ~ complexity,  error  reduction
characteristics, memory requirement for storing the
intermediate variables, constraint of rate limiting or
maximum allowable variation in the signal per frame
during fader time, implementation aspects, execution
of the real time software / system, etc. affects the
performance of the TFSW. Associated effects or
signatures are seen in the selected signals computed
from the TFSW. Thus, depending upon the way
error is reduced in order to reach to the required
signal over a finite time of the TFSW (or transition
takes place gradually from one signal to another on
toggling of the event), the following three broad
categories or types of TFSWSs are proposed:

1) Direct Fixed Error
(DFERFD)

Reducing Fader
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1)

2)

2) Direct Variable Error
(DVERFD)
3) Scaled Error Reducing Fader (SERFD)

Reducing Fader

The classification of the TFSWs is shown in
Figure 2. A brief description of each of the
above TFSW is given below. Refer to Table 1
for the details of the above mentioned three
faders for comparison with respect to various
metrics including the computational structure.

Direct Fixed Error Reducing Fader
(DFERFD): In this TFSW or fader, the
difference between the value of the required
signal after event transition and the value of the
signal at the instant prior to the event toggle is
computed as the Total Error. This Total Error is
to be nullified over the number of samples or
frame count computed as per the fader time of
that event. The number of samples or frame
count for the given fader time is computed by
dividing the Fader_Time with the sampling time
(reciprocal of which indicates computation
rate). Thus, the required error to be nullified or
reduced per frame is computed (Total Error /
frame count) at the instant of event toggle
detection. This ‘decrementing error per frame’
remains fixed through the completion of the
fader time, despite the variation in the signal to
be reached (required signal) and is directly
reduced from the required signal. Hence, this
TFSW is named as Direct Fixed Error Reducing
Fader. The input signal at the instant prior to the
event toggle remains as it is, and relative to
which the required signal only gradually comes
in the selected output signal.

Direct Variable Error Reducing Fader
(DVERFD): In this TFSW or fader, the
difference between the value of the required
signal after event transition and the value of the
signal at the instant prior to the event toggle is
computed as the Total Error. Based on this Total
Error, the required error to be nullified or
reduced per frame is computed at the instant of
event toggle detection. Thereafter, in the
subsequent frame counts or residual period of
fader time, the Total Error is recomputed
(between the present value of the fader output or
selected signal and the signal to be reached) as
well as ‘decrementing error per frame’ based on
the remaining number of frame counts
(decrementing error per frame = Present Total
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Error / remaining number of frame count). Thus,
depending upon the variation in the signal to be
reached, the Total Error varies, as well number
frame counts and hence in turn it results in
making the variation in the ‘decrementing error
per frame’ every frame. This error is directly
reduced from the required signal. Hence, this
TFSW is named as Direct Variable Error
Reducing Fader. The input signal at the instant
prior to the event toggle remains as it is and
relative to which the required signal only
gradually comes in the selected output signal.

3) Scaled Error Reducing Fader (SERFD): In
this TFSW or fader, a ‘normalized delta per
frame’ a fixed number computed at the
beginning is used for reducing the scale factor
which is used for gradually bringing in the
required signal contribution every frame or
other way gradually reduce the error between
the selected output and required signal. Here the
term ‘reducing the scale factor’ is referred to a
complemented value of the ‘normalized delta
per frame’, which can be precisely written as (1-
normalized delta per frame). Further, at the
same time contribution of the input signal at the
instant prior to the event toggle (which is held
constant) is reduced gradually by using the same
scale factor ‘normalized delta per frame’.
Hence, this TFSW is named as Scaled Error
Reducing Fader. The °‘normalized delta per
frame’ is computed as given here: normalized
delta per frame = Sample_Time / Fader Time of
the Event. As can be seen, the required signal
(signal to be reached) vary over a period, hence
despite being the constant value of the scale
factor ‘normalized delta per frame’, the
corresponding error reduction vary every frame
(‘decrementing error per frame vary’ over a
period). Thus, the simultaneously, frozen or last
good value of the input signal at the instant prior
to the event toggle reduces while the required
signal gradually coming in. Thus, simultaneous
increase and decrease effects of required and
held signal occurs. Hence rate of error
conversion is faster.

In all these TFSW, one needs to ensure that the
‘per frame variation’ in the signal always remain
well within the specified rate limit value for that
path in which the TFSW s required to be
implemented. Otherwise, the TFSW would act as
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rate limiter. Thus, while designing or arriving at the
fader time for each event, one need to ensure that the
‘error reduction per frame’ computed based on the
maximum difference between the two input signals
(to the TFSW) at any instant over the number of
frame count (fader time) would not exceed the
specified rate limit value for that path in which the
TFSW is required to be implemented. In such a
situation, then it may not matter much whether error
reduction is linear or nonlinear. In such a situation,
the other qualitative metrics as given in Table 1 may
be taken into consideration for selecting and
implementing the specific TFSW.

3.2 TFSW Computation Termination Before
Time: TFSW_LEFT

Depending upon the nature of variation in
the required signal, it is likely that the selected signal
(output of the TFSW) may reach to the required
signal before completion of the fader time. In such a
situation, the feature for termination of TFSW
operation either at Less than or Equal to Fader Time
(LEFT) can be incorporated. Such condition or
situation can be found out by detecting the change in
the sign of the error between the past and the present
time frame. The error is referred to the difference
between the required signal at that instant and the
selected signal output of the corresponding past
instant. The change in the sign of error indicates that
the output is reached to the desired selected signal
and thereafter the selected signal may or may not
deviate from the required signal depending upon the
change therein. Therefore, continued fader
computations although shall lead to converge to the
output signal at the end of fader time, however it
could be redundant. Thus, it would be better to
terminate the TFSW computations, once the output
or selected signal is reached to the required signal
before completion of the specified time. It would
also help in reducing the pumping in of the
unwanted, nonlinear natured error (drift or
oscillatory behavior) during the fader time in the
output signal. The TFSW of such type of feature can
be identified by the nomenclature: TFSW_LEFT,
where TFSW could be ‘DFERFD’, ‘DVERFD’,
‘SERFD’. Thus, they could be identified as
‘DFERFD_LEFT’, ‘DVERFD_LEFT’,
‘SERFD_LEFT’.
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The LEFT feature is invoked under the
following conditions, if satisfied together:

1) Fader computation is progressing (event toggle
detected and thereafter computations continued)
but not completed (before fader time completion
which can be found out from the frame counter),
and

2) Change in the sign of the error between the past
and the present samples is detected. Here error
is referred to the difference between the
required signal at that instant and selected
output of the corresponding past instant.

3.3 Comparative Analysis of Proposed Faders

Table 1 presents comparison of the transient free
switches with reference to various qualitative
metrics. Due to paucity of the space and illustration
complexity, the computational structure for the
‘LEFT’ feature is not shown in Table 1.

IV. IMPLEMENTATION OF FADER AND
SIMULATION RESULTS

Simulation results of the various TFSWSs
are shown in Figures 3 to 15. Table 2 presents the
list / arrangements of figures showing the results of
various TFSWSs. Table 2 also details the description
on the contents of each figure, analysis or discussion
on the results therein. Thus, Table 2 and set of
Figures 3 to 15 altogether provide additional details
for comparative analysis and summary thereof.
Figure 15 clearly brings out the efficacy of the
proposed termination feature namely ‘LEFT’ for the
TFSW.

V. EXPERIENCES GAINED OVER A
PERIOD OF TIME AND LESSONS
LEARNT
This section presents a few experiences
gained over a period of time and lessons learnt
during the design, development and evaluation of
Fly-By-Wire (FBW) Flight Control System (FCS) of
high-performance fighter aircraft [1-6]. These
examples are based on the white box testing (as part
of the software verification and validation process)
and black box testing (Hardware in loop testing and
analysis):

1) Initially the implemented faders were of Direct
Fixed Error Reduction (DFERFD) type. It was
found later that, the TFSW output signals were
exceeding the limits of the source and
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destination signals’ permitted boundaries.
Therefore, an additional set of minimum and
maximum limit values on the fading signals
were required to be defined. It added extra
database arriving at in the design,
implementation and computations for applying
the limits. It worked for providing bounded /
limited signals.

2) Although Direct Fixed Error Reduction
(DFERFD) with additional set of minimum and
maximum limits worked well for providing
bounded / limited signals, but after addition of
few events computations resulted in exceeding
execution time limit. It made to put an extra
effort to compute the global maxima and
minima for all such signal associated with each
TFSW. The TFSWSs were in two-digit numbers
in the entire onboard software. Further,
thereafter for any updates to the FBW FCS, it
required to verify the validities of the prior
limits on the signal and otherwise update it.
Thus, it became a massive task.

3) Therefore, a preliminary form of Scaled Error
Reduction Fader (SERFD) was formulated [6],
to tackle the issue. However, such modified
form TFSWs are existing in large numbers in
various places and there appears to be a scope to
optimize their numbers. Details on the
optimization on the numbers of TFSWs is being
dealt with separately.

4) Illusion on fader implementation being incorrect
due the range of the output signal acquired
being narrower than actually required. In real
time on-board software, the faders were
working correctly. However, due to clipping of
the recorded signal of the then implemented
TFSW due to narrower range than the actual
required, it appeared that the fader time not
implemented correctly in the on-board software.
Down the line test points (intermediate signals
in the other parts of the algorithms / software)
were found to be matching correctly, which led
to infer that the TFSW functionality is correctly
implemented and the issue is with the range of
the signal being recorded was not specified
correctly [5].

5) Higher rate signal discretes missing in the
recorded data: The procedures to compute the
discrete were executed at higher rate, while the
discrete signals were recorded at lower rate. The
effect of setting of one discrete for a one frame
(but not seen in recorded data) was seen in the
final outputs through the fading effects and thus
confirmed the toggling of the events in real.

Flight data acquired in the recorder is used
during development phase as well as in final
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operations / services for preventive maintenance,
and feedback to the design house for improvement
of the product. It is an important part of any product
life cycle. Therefore, for the hardware and software
development, especially for the functional /
algorithm level development, robustness, reliability,
consistency, interpretability, analyzability of the
recorded data is very essential and it needs to be
taken into consideration while developing a safety
critical product. A significant work has been carried
out on the data attributes, data quality and metrics

[5].

VI. GUIDELINES FOR FORMULATING
REQUIREMENTS

There are several points worth to mention
as part of the guidelines towards formulating the
requirements for TFSW. However, due paucity of
the space, a few points on TFSW are given below.
Other points shall be dealt with in a separate article.

1) Fader Time: It should be set such that the rate
of transition between the two signals should not
exceed the permitted rate limits within the
system or in the path. Let us say the rate limit
for the signals in the path wherein the fader is
incorporated is RL unit/sec. When the fader
discrete toggles, the selected signal transits from
signal to A to B or vice versa with the rate less
than or equal to R unit/sec. Taking this rate of R
unit/sec, the required time for transition (fader
time) can be computed as given below. Note
that here signals A and B could be constants or
varying over the entire range of operation or
envelope, but within the prior known finite
bounds:

Ftime = max(X1-X2) / RL
Where
Ftime = Fader Time in second

max(A) = Maximum value of signal A over the
entire range of operation or envelope

min(B) = Minimum value of signal B over the
entire range of operation or envelope

X1 = max(max(A), max(B))
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X2 = min(min(A), min(B))

max(X1 — X2) = indicates the maximum
difference between signals X1 and X2 over
the entire range of operation or envelope

RL = permitted or specified rate limit in
unit/second

2) Range of the TFSW output signal: The range of
the output of TFSW which is recorded in the on-
board system should be computed by taking into
account the global maxima and minima for all
such signal associated with each TFSW. Then
doubtful interpretation on the correct
implementation of TFSW time and operation /
functionality thereof, from the offline data
analysis can be ruled out.

3) It appears that there could be a way to optimize
the number TFSWSs in the entire set of
algorithms / part of the software. Specifically, if
say there are N number of events, and each
event deals with M number of signals at
multiple places in the entire application layer,
then it requires implementation of MxN number
of TFSWs. However, intuitively it appears that,
ideally number of TFSWs should be same as
that of the number of events / discretes by
making the vector of inputs and outputs of all
TFSWSs. These vectors are updated every frame
and signals therein are used at the respective
place of reconfiguration for each TFSW. Then it
would probably eliminate at least half the part
of repetitive computations of TFSWSs, and thus
it would aid in reducing the memory
requirement as well as accelerating the
execution time. However, efficacy of such
scheme needs to be assessed after actual
implementation. Details of such aspects shall be
dealt with in a separate article.

VILI. CONCLUSION

In this article details on the fader or
Transient Free SWitching (TFSW) computations and
relevant aspects are presented. Brief recursive
formulation of the fader implementation as well as
various types of possible faders proposed and their
comparative analysis is presented. Further, TFSW
with the feature of termination of computations at
Less than or Equal to Fader Time (LEFT), if the
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signal reaches to the selected output prior to the
completion of the pre-fixed time is newly proposed.
Functionality of the proposed faders is demonstrated
through simulation results. Based on the experience
gained over a period of time while working on safety
critical embedded systems, some guidelines for
formulating the fader related requirements have also
been provided. The relevant experiences are also
shared with the help of a few illustrative examples.
These guidelines are expected to be applicable for
most of the embedded systems and may get enriched
further by the experiences and lessons learnt from
other systems.

The following few aspects on the TFSW
implementation can be researched in future to cater
for real time computations of the embedded systems
of safety critical nature:

- Multiple or combined events / discretes
dependent faders, where the events are triggered
sequentially or simultaneously.

- Rate of computation, memory requirements and
overall execution time of the processor, etc.
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Figure 1: Transient Free Switch Operation: Signal Selection and Transit Process lllustration
Faders or Transient
Fres Switchas (TFSW)
Direct Error Reduction Scaled Error Reduction
(DERFD) (SERFD) *
| I
Direct Fixed Error Direct Variable
Reduction Fader Error Reduction
{DFERFDY * Fader (DVERFD) *

* |If the selected signal (output) of the Transient Free Switch / Fader (TFSW) reaches to the required signal
before completion of the fader time (as the required signal may vary) then the feature for termination of TFSW
operation at either Less than or Equal to Fader Time (LEFT) can be incorporated. It can be found out by
detecting the change in the sign of error and then taking the suitable action for termination of fader computation
(indicates that the output is reached to the desired selected signal). Thus, it helps in reducing the unwanted
pumping in of error in a cyclic manner during the fader time (a nonlinear effect) in the output signal. Then such
TFSW are identified by the nomenclature:

TFSW_LEFT, where TFSW could be ‘DFERFD’, ‘DVERFD’, ‘SERFD’.

Thus, they could be identified as ‘DFERFD_LEFT’, ‘DVERFD_LEFT’, ‘SERFD LEFT’.

Figure 2: Classification of Transient Free Switches or Faders depending upon the way Error between
the Required and Present Signal or Current Signal (prior to the Event Toggle) is reduced
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Table 1: Comparative Analysis of Various Soft Faders or Transient Free SWitching (TFSW)

litativ
5L P Qm:‘l a\l\: . Direct Fixed Error Reducing Fader Direct Variable Error Reducing Fader Scaled Error Reducing Fader
- roperty | Metric / -
Na.
° | Feature of TESW (DFERFD) (DVERFD) (SERFD)
= *].. + *; -
T=REQSIG - CURRENT SIGERR: ¥ = REQSIG - CURRENT_SIGERR: T=REQSIG*(1-DELFD)+Tp_held*DELFD;
Where Where Whers
Y = cwrvent cutput T = current output ¥ = current output
REQSIG = Required Signal on Event Toggle BEQSIG = Required Signal on Event Toggle REQSIG = Required Siznal on Event Toggle
CURRENT_SIGERR = It is computed every frame | CURRENT _SIGERR = It 15 computed every frame | Yp_held = Output prior fo Event Toggle and
which indicates the error between the required signal | which indicates the error between the required signal and | contmues to be held till fader time is complete
and the cwrent vale. the cwrrent value. {or the DELFD descnbed below reaches to 0)
It 15 computed as given below as part of the Fader | It is computed as given below as part of the Fader weight | DELFD = Normalized Delta Decrement in Fader
1 Nature of Fader or | yeight computation on Event Toggle computation on Event Toggle Weight from 1 to 0 (Limited to Minimum value
Equation of Zero)
1) If Event 15 toggled, then select the applicable | 1) If Event iz toggled, then select the applicable
M.:unmum number c.}f frame count (= Fader Maximum number of f.mme count (= l";der Time of | ¢ i computed as given below as part of the
Time of the Event / Sample Time or Frame the Event / Sample Time or Frame Time. It 1s an Fader weisht computation on Event Tozela
Time It 15 an integer number) for that tme integer oumber) for that time depending upon 0 to 1 - ? EE
depending upon 0 to 1 or 1 to 0 transition and or 1 to 0 transition and compute: X
compute: s CURRENT FRAME COUNT = 1) If E\'ent is t.ogﬂ.ed. then select _t.he
+  CURRENT_FRAME_COUNT = MAX_FRAME_COUNT: applicable “Maximum Delta Per Frame® (=
MAX_FRAME_COUNT; » SIGERR_AT_EVENT_TOGGLE = REQSIG - Sample 'T]me.cxr Fm Time Fader Time of
s SIGERR AT EVENT TOGGLE = Yp: the Event. It is non-integer number) for that
REQSIG- Yp: - « SIGERR_PER_FRAME = time ‘_‘el‘f’{n‘jimg upon 0 o 1 or 1 to 0
+ SIGERR_PER FRAME= SIGERR_AT_EVENT_TOGGLE / ‘:‘”‘;‘,"“‘h " f‘;?"l_‘“'“'
SIGERR_AT_EVENT_TOGGLE / MAX_FRAME_COUNT; . D;}_F?D __1 ) B
MAX_FRAME_COUNT; CURRENT_SIGERR = o
- - . - « DELFD PER_FRAME =
5L P Qu:‘lna\'}r: . Direct Fixed Error Reducing Fader Direct Variable Error Reducing Fader Scaled Error Reducing Fader
. roperty | Metric / p
Na. FERFD 'VERFD SERFD
| Feature of TESW @ ) @ ) ¢ }
* CURRENT_SIGERR = SIGERF._PER_FRAME* MAY_DELFD_PER_FRAME,
SIGERR_PER_FRAME* (CURRENT_FRAME_COUNT-1);
(CURRENT_FEAME_COUNT-1); 2) If event is mot toggled, then continue
2) If event is not toggled, then the mputing the followings by decrementing
2) If event 1= not togzled, then continue computing followmgs by decrementing the frame count Frame the Delta (Mormalized Scale Factor or Fader
the followings by decrementing the frame Count Decrement mm Fader Weight Limited to Weight) by ‘Maximum Delta Per Frame’
count. Frame Count Decrement in Fader Werght Mimmum value of Zero which 15 limited to Minimum value of Zero
Limited to Minimum value of Zero * CURRENT_FRAME COUNT =  max(0, *  Yp_held=TYp_held p;
* CURRENT_FRAME_COUNT = max(0, CURRENT_FRAME_COUNT_p-1); *  DELFD = max(0,(DELFD_p -
CURRENT_FRAME_COUNT_p-1}; * SIGERR_AT _EVENT_TOGGLE = DELFD_PER_FRAME p));
* SIGERR_AT_EVENT_TOGGLE = SIGERE_AT_EVENT_TOGGLE_p; + DELFD_PER_FRAME=
SIGERR_AT_EVENT_TOGGLE_p; DELFD_PER_FRAME p;
* SIGERR_PER_FRAME = Re-compute the ‘Sigmal Emor Per Frame™ in every
SIGERR._PER_FRAME p; frame in order to avoid a large jump at the end of | Yhere
» CURRENT SIGERR = Fader Time, if the Requred Signal is still away from
SIGERR. PER. FRAME_p* the output achieved by that time.
CURRENT_FRAME_COUNT; * SIGERR_NOW =REQSIG - Yp; * Vp_held = Past output at the instant of
* SIGERR_PER_FRAME = SIGERR_NOW / Event Togele held
Where max(l, CURRENT_FRAME_COUNT); * DELFD = Nommalized Fader Weight at
* ifCURRENT_FRAME_COUNT==0 cwrent frame
e (URRENT FRAME COUNT = Current SIGERR_PER _FRAME= * DELFD_PER_FRAME = Normalized Fader
Frame Count SIGERR_PER_FRAME*(; Weight per Frame to be Reduced to Reach
:ERR. e = end to Required Signal over Fader Time
. = q Ena
SIGERR_AT_EVENT_TOGGLE = ~Enor « CURRENT_SIGERR = SIGERR_PER_FRAME i - ] )
between Fequired and Prior Frame Sigmal at . 0. CURRENT FRAME COUNT-1Y)- * CURRENT_SIGERR = Emor between
Event Togzle (max(0, = — -1 Fequired and Prior Frame output at present
¢ SIGERR_PER FRAME = Signal Emor Per | yrpere instant within the on-gomg Fader Time
Frame to be Reduced to Feach to Fegquired * DELFD _LOCAL = Set of Normalized Fader
Signal over Fader Ti Wei t t fr for mternal
1gnal over fader Jime ® CURRENT FRAME COUNT = Cument Frame sights af cument frame for i
® MAY FRAME COUNT = Maximum Number Count compuiations
of Frame Count for the specified Tmme on . . _ * MAY DELFD_PER_FRAME = Maximum
Transit of Event ¢ SIGERR AT EVENT TOGGLE = Enmor befween | Nonnglized Weight Per Frame for the
® T = Sample Time or Frame Time Fequired and Prior Frame Signal at Event Toggle specified Time on Transit of Event
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&L Pro:il:':tl'n'a\u[::rir . Direct Fixed Error Reducing Fader Diirect Variable Error Reducing Fader Scaled Error Reducing Fader
Na. Feature of TESW (DFERFD) (DVERFD) (SERFD)
# SIGERR_PER_FRAME = Signal Error Per Frame to | ® T = Sample Time or Frame Time
‘_p’ tag attached to the siznal or vanable indicates be Reduced to Reach to Required Signal over Fader
the value of that signal at the past frame. Time ¢ b tag attached to the siznal or varisble
* CURRENT_SIGERF. = Ermror between Required and | indicates the value of that siznal at the past
Prior Frame output at present mstant within the on- | frame.
going Fader Time
* REQSIG = Required siznal on Event Transit
* MAY _FRAME_COUNT = Maximum Number of
Frame Count for the specified Time on Transit of
Event
* T=>5ample Time or Frame Time
_p’ tag attached to the signal or vanable indicates the
value of that siznal at the past frame.
Simultanecusly, frozen or last good value of the
Input signal at the instant prior to the event toggle | Input signal at the instant prior to the event toggle | imput sigmal at the instant prior to the event
Rate of Error remains as it is and relative to which the required | remains as it 1= and relative to which the required signal | toggel reduces while the required sigmal
2 Reduction (Fast / signal only graduzlly comes in the selected output | only zradually comes in the selected output signal | gradually coming in. Thus, simultanecus
Moderate / Slow) signal. Therefore, rate of emor comversion is | Therefore, rate of ewmor comversion 13 moderate as | increase and decrease effects of requived and
moderate a5 compared to SERFD. compared to SERFD. held =igmal occuwrs. Hence rate of emor
conversion is faster.
Type of Emor
3 Feduction (Linear / | Linear Emror Reduction HNonlinear Error Reduction MNonlinear Emor Reduction
Nonlinear)
*  Emor reduction per frame (or ‘incremental delta | *  Error reduchion per frame (or ‘incremental delta | *  “Nommalized delta per frame’ wused for
5 thness of itude per frame’ for achieving the requred magnitude per frame’ for achieving the required scaling the Emor is fixed over the entire
4 Signal Transition signal) remains fixed over the enitre duration. signal) varles over the enitre durztion depending duration, however, the ‘scaled error per
(at the end, * A Tump of the order greater than the upon the varation in the required signal during the frame’ with this normalized constant vary
especially) ‘incremental delta magnitude per frame’ could fader time. over a period.
oceur in the sipnal fransition either at the end | ®  As such jump m the siznal may not be athibutable | *  A: such jump in the sipmal may not be
&L Pro::?el:':\l'n'a\u[::ril‘ . Direct Fixed Error Reducing Fader Diirect Variable Error Reducing Fader Scaled Error Reducing Fader
Na. Feature of TESW (DFERFD) (DVERFD) (SERFD)
and / or beginning can occur depending upon here because ‘incrementz]l deltz magnitude per atinbutable here because ‘scaled emor per
the variation in the required signal dwing fader frame’ wary over the emtre fader duration and frame’ vary over the enitre fader duwraton
fime_ accordingly smoothness of signal transition at the and accordingly smoothness of signal
# If the “meremental delta magnitude per frame’ beginning and end can be seen. transition at the beginning and end can be
variation is acceptable as per the desizn of fader | #  If the ‘incremental delta magnitnde per frame’ seen.
time, then signal transifion may be treated as wvarafion is acceptable as per the desizn of fader | *  If the ‘scaled emor per frame’ varation is
smooth at the end. time, then signal fransition may be treated as smooth acceptable as per the design of fader time,
at the end. then signal transition may be freated as
smooth at the end.
. Eum'.llmns during Selected signal may exceed the linits of source and | Selected signal guarantedly remains witin the Hmits of Sfd?ﬂed stgnal gummed.l.}- remam_. wnn ﬂn
5 transition or fader . . . . . limits of source and destination signal during
. destinztion signals during fading time source and destination signal during fading time L
fime fading time
[ Qualitative N]-.]mbe' Maoderate More Less
of computations
Complexity / .
7 R Moderate Complex Simple
Simplicity
8 Esecution Moderate More computationally intensive Moderate
Effectiveness
By design, if the occumence of the jump m the . . . By design, if the occuwvence of the maximum
. By desizn, if the ocemrence of the maximum varation m . B .
9 Design ) signal at the end which could _be more than the fixe.d the ‘signal per frame” anywhere during the fader time is vanation m the ‘signal per frame’ (also l.eferred
Acceptabality walue of the “siznal per frame’, 15 acceptable, then iz - to ‘scaled emor per frame”) anywhere duning the
may be used. acceptable, then it may be used. fader time 15 acceptable, then it may be used.
Uzability preference
(Assuming design .
acceptability and | Preferred over DVERED. I£SERFD and DFERFD not suifable due to some 162501 | p e 3 ooy DVERFD and DFERFD
10 . X R then DVERFD may be considered. .
cosnidering If linear error reduction is mandatory. . L. If nonlinear error reduction is acceptable
X If nonlinear error reduction is zcceptable
computational
aspects)
11 Error Reduction Drect Emor Reduction. Fixed value per fram is | Direct Error Reduction with variable value per frame. It | Scaled Emror Reduction with variable value
sl Pro:il::\l'n'a\ul::ric . Direct Fixed Error Reducing Fader Direct Variable Error Reducing Fader Scaled Error Reducing Fader
Na. Feature of TESW (DFERFD) (DVERFD) (SERFD)
Feature reduced has got combined features of DFERFD and SERFD
Memory As compared to DVERFD less number of elements | More number of elements (intermediate states) to be Less mumber of elements (intermediate states) to
12 - to be stored (intermediate states), but more than that | stored as compared to DFERFD and SEFFD. Hence
Requirement . be stored and hence less memory requirement
of SERFD, hence moderate memory more memory requirement
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Table 2: Figure Arrangements and Analysis / Discussion of Results of Various Soft Faders or Transient Free Switches

51 No. | Figure No. TFSW Description Additional Remark: / Analyziz / Dizscussion
1 1 - Transient Free Switch Operation illustration Siznal Selection and Transit Process llnstration
. . . . _ . Classification is shown depending upon the way Emor between the Requed
z 2 3 Classification of Transient Free Switches or Faders and Present Signal or Curent Signal (prior to the Event Toggle) s reduced
Intermediate parameters or Fader Elements include: (1) Reducing Scale
Event, Sowce (Cwrent) signal, Destmation Signal, | Facter on Emor, (2) Sigmal Emer (Fequired-Selected), (3) Output per Frame
Required, Selected Signal (Omtput of TFSW)., and | and Error per Frame, and (4) Frame Count
3 3 DFERFD Intermediate signals in vanous subplets. Segment Numbers | All of above are not applicable for each TFSW. However, as 2 common frame
1 to 5 are showm m Event plot are later used for showing the | work for data analysis, they have been plotted m all Figures. Apphicability for
zoomed version of the results m Figure 9. The results in | respective TESW may be inferred 1f they found to be varying in the plots.
zoomed version of Figure 9 are shown in Figures 10 to 15. Example: Reducing Scale Facter on Error not varying for DFERFD and
hence it is not licable for DFERFD TFSW.
4 4 DFEFFD_LEFT | Fespective Signal similar to DFERFD Feducing Secale Factor on Emror: Mot Applicable
5 5 DVERFD Respective Signal sumilar to DFERFD Feducing Scale Factor on Emor: Mot Applicable
[ ] DVEEFD_LEFT | Respective Signal similar to DFEREFD} Feducing Scale Factor on Emor: Mot Applicable
7 7 SERFD Respective Signal similar to DFERFD Frame Count Mot Applicable
g -3 SERFD_LEFT Respective Signal sumilar to DFERFD Frame Count Not Applicable
Event, Required, Selected, Cwrent Signals, Supenmposed | In this Fizure Fader Elements are not shown. Instead superimposed plots of
9 9 ALl TFSW Outputs (Selected Signals) of TFSWs separately for with and | TFSW without LEFT in one subpot while results of TFSW with LEFT m
without LEFT for ease of companson and understanding another subplots are show.
10 10 |ADTFSW ALL TFSW Results, With and Without LEFT: Zoomed | g 1.; 1hon Event trausits from 0 to 1
version of Figure % at Event Toggle Segment No. 1
11 11 AITFSW ALL TESW Results, With and Without LEFT: Zoomed | ¢ . ohon Fvent transits from 1 to 0
version of Figure ¥ at Event Toggle Segment No. 2
12 12 AT TFSW ATLL TESW Results, With and Without LEFT: Zoomed | This sezment shows the results when the Event got toggled back before
: version of Figure % at Event Toggle Segment No. 3 completion of the Fading time (and operation thereof) due to the prior toggle.
13 13 AITESW ALL TESW Results, With and Without LEFT: Zoomad | o\ Fent transits fom 0 to 1
version of Figure ¥ at Event Toggle Segment No. 4
ALL TFSW Results, With and Without LEFT: & d
14 14 |anTEsw _ . B Hhont "% | Results when Event trausits from 1 to 0
version of Figure 9 at Event Toggle Segment No. 5
15 15 ANTFSW ALL TFSW Results, With and Without LEFT: Additional | Efficacy of LEFT Termination feature can be clearly seen in thes Figure from
| 51 No. | Figure No. | TFsW | Deseription | Additional Remarks / Analyziz / Dizcuzsion

| Zoomed version of Figure 9 at Event Toggle Segment No. 5 | the plots of with and without LEFT outputs (Selected Siznals).
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Figure 7: SERFD TFSW Results
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Figure 9: ALL TFSW Results, With and Without LEFT
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Figure 10: ALL TFSW Results, With and Without LEFT: Zoomed version of Figure 9 at Event Toggle
Segment No. 1
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Figure 11: ALL TFSW Results, With and Without LEFT: Zoomed version of Figure 9 at Event Toggle
Segment No. 2
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Figure 12: ALL TFSW Results, With and Without LEFT: Zoomed version of Figure 9 at Event Toggle
Segment No. 3
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Figure 13: ALL TFSW Results, With and Without LEFT: Zoomed version of Figure 9 at Event Toggle
Segment No. 4
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Figure 14: ALL TFSW Results, With and Without LEFT: Zoomed version of Figure 9 at Event Toggle
Segment No. 5

Time (sec)

Ev¥nt Ho. 1: Fade Time: 0 to 1= 3 sec; 110 0 = 6 sec All TFSW without LEFT: Matlab Model Results for Event No. 1
R
T T T T T T T
! H ™
05 : 1L
oF- '.‘ : ok
5 i 1 i
2] 445 45 455 46 1l
Time (sec)
Inputs and Required Signals SIGC : CN
s . . &— S50 D
; | —&— REQSIG i ;
: 45 45
Time (sec)
0
All TFSW LEFT Matlab Model Results for Event No. 1
T T T T T
SE | i i i o 2| :
44 445 45 455 4B
Time (sec) —&— OFERFD N
All TFSW Results for Event No. 1 &— DFERFD_LEFT
‘ : ' ' —e— DVERFD al
2 | —=— DFERFD_LEFT F 4 3
ol ®— SERFD P & : —e— REQSIG
. SERFD LEFT ¥ —&— DFERFD_LEFT
2 : oL | —®— DVERFD_LEFT
“L : : S : —&— SERFD_LEFT
1 1 L I I T
44 44.5 ) 45 A5 44 445 45 455 46
Time (sec) Time (sec)

Figure 15: ALL TFSW Results, With and Without LEFT: More Zoomed version of Figure 9 at Event
Toggle Segment No. 5. Efficacy of LEFT Termination feature can be clearly seen in this Figure from the
plots of with and without LEFT outputs (Selected Signals).
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