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PULSE BASED AUTOMATIC GAIN CONTROL
FOR ANALOG AND PULSE DOMAIN REGULATION

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to, and the benefit of, co-pending U.S. provisional
application entitled “Pulse Based Automatic Gain Control for Analog and Pulse Domain
Regulation” having serial no. 62/265,573, filed December 10, 2015, which is hereby

incorporated by reference in its entirety.

BACKGROUND
[0002] An automatic gain control (AGC) circuit is used in a system when the level of the
input signal fluctuates over a wide dynamic range. A typical AGC system senses the
amplitude of the signal and automatically adjusts the gain of the variable or programmable
gain amplifier (VGA or PGA) to a constant level, for substantial variations in the dynamic

range of the input signal.

SUMMARY

[0001] Embodiments of the present disclosure are related to pulse-based automatic
gain control (AGC). The AGC can be used in both analog signal processing systems and
pulse based signal processing systems.

[0002] In one embodiment, among others, an pulse-based automatic gain control
(AGC) comprises a variable gain amplifier (VGA) configured to amplify an analog input
signal to generate an analog output signal based upon an amplification control signal; an
integrate-and-fire (IF) sampler configured to generate a pulse train corresponding to the
analog output signal; and a gain adjustment configured to generate the ampilification control
signal based upon a comparison of time between pulses of the pulse train to a reference
time. In one or more aspects of these embodiments, the |IF sampler can be configured to

detect the time between the pulses of the pulse train. The gain adjustment can be
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configured to: generate an error signal corresponding to the difference between the
reference time and the time between the pulses of the pulse train; and adjust the error signal
based upon a defined feedback factor to generate the amplification control signal. The gain
adjustment can comprise a summer to generate the error signal and a multiplier to adjust the
error signal by the feedback factor. The gain adjustment can be further configured to low
pass filter the amplification control signal.

[0003] In one or more aspects of these embodiments, the gain adjustment can be
configured to: generate an error signal corresponding to the difference between a function of
the reference time and a function of the time between the pulses of the pulse train; and
adjust the error signal based upon a defined feedback factor to generate the amplification
control signal. The function of the reference time and the function of the time between the
pulses can be the same function. Both the function of the reference time and the function of
the time between the pulses can be a logarithmic function or an inverse function. The gain
adjustment can be further configured to low pass filter the amplification control signal. The
reference time can correspond to a time between the pulses of a pulse train generated by
another |[F sampler based upon a constant analog input signal. The reference time can
include a refractory period of the IF sampler. The reference time can correspond to a time
determined from a constant analog reference, an IF threshold and an IF leaky factor of the IF
sampler. The reference time can be calculated analytically using a defined relationship
between the constant analog reference, the IF threshold and the IF leaky factor of the IF
sampler. The reference time can account for a refractory period of the IF sampler.

[0004] In another embodiment, a method comprises determining time between pulses
of a pulse train corresponding to an analog output signal from a variable gain amplifier
(VGA); generating an amplification control signal based upon a comparison of the time
between pulses of the pulse train to a reference time; and adjusting amplification of the VGA
in response to the amplification control signal. In one or more aspects of these
embodiments, generating the amplification control signal can comprise generating an error

signal corresponding to the difference between the reference time and the time between the
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pulses; and adjusting the error signal based upon a defined feedback factor to generate the
amplification control signal. The amplification control signal can be low pass filtered. In one
or more aspects of these embodiments, the method can comprise generating the pulse train
from the analog output signal of the VGA using an integrate-and-fire (IF) sampler. The
method can comprise determining the reference time based upon time between pulses of a
pulse train generated from a constant analog reference signal using another IF sampler or a
defined relationship between a constant analog reference, an IF threshold and an IF leaky
factor of the IF sampler. The method can comprise determining the reference time based at
least in part upon a constant analog reference, an IF threshold and an IF leaky factor of the
IF sampler. The reference time can account for a refractory period of the IF sampler.

[0005] Other systems, methods, features, and advantages of the present disclosure will
be or become apparent to one with skill in the art upon examination of the following drawings
and detailed description. It is intended that all such additional systems, methods, features,
and advantages be included within this description, be within the scope of the present
disclosure, and be protected by the accompanying claims. In addition, all optional and
preferred features and modifications of the described embodiments are usable in all aspects
of the disclosure taught herein. Furthermore, the individual features of the dependent
claims, as well as all optional and preferred features and modifications of the described

embodiments are combinable and interchangeable with one another.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] Many aspects of the present disclosure can be better understood with reference
to the following drawings. The components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the principles of the present
disclosure. Moreover, in the drawings, like reference numerals designate corresponding

parts throughout the several views.
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[0007] FIG. 1is a schematic diagram illustrating an example of an automatic gain
control (AGC) architecture in accordance with various embodiments of the present
disclosure.

[0008] FIG. 2 is a schematic diagram illustrating an example of a pulse-based AGC
architecture in accordance with various embodiments of the present disclosure.

[0009] FIG. 3is a flowchart illustrating an example of the operation of the pulse-based
AGC architecture of FIG. 2 in accordance with various embodiments of the present
disclosure.

[0010] FIG. 4 is a schematic diagram illustrating an example of an integrate-and-fire (IF)
sampler of the pulse-based AGC architecture of FIG. 2 in accordance with various
embodiments of the present disclosure.

[0011] FIG. 5illustrates an example of a reference pulse train generated from a
constant analog reference signal in accordance with various embodiments of the present
disclosure.

[0012] FIGS. 6 and 7 are schematic diagrams illustrating examples of pulse-based AGC
architectures in accordance with various embodiments of the present disclosure.

[0013] FIG. 8 illustrates examples of input, gain and output signals of a variable gain
amplifier of the pulse-based AGC architecture of FIGS. 6 and 7 in accordance with various
embodiments of the present disclosure.

[0014] FIG. 9illustrates an example of time between pulses in accordance with various
embodiments of the present disclosure.

[0015] FIG. 10 illustrates examples of pulse trains before and after stabilization of gain

in accordance with various embodiments of the present disclosure.

DETAILED DESCRIPTION
[0016] Disclosed herein are various embodiments related to pulse-based automatic

gain control. Reference will now be made in detail to the description of the embodiments as
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illustrated in the drawings, wherein like reference numbers indicate like parts throughout the
several views.

[0017] Recently time-based analog to pulse converters such as integrate and fire (IF)
samplers have been proposed that encode the signal amplitude into a series of pulses (time
events) where the time between pulses represents a constant area under the analog signal.
It creates a one-to-one mapping with a unique inverse between signal amplitude and their
pulse-based representations. As the time between the pulses encode a constant area, the
pulse-based representation differs drastically with the amplitude of the input data; therefore,
an automatic gain control (AGC) system can be used to meet the desired output level of the
signal.

[0018] In this disclosure, a system to sense the time between the pulses of IF and
automatically adjust the gain of the amplifier is presented. Sensing the time between pulses
of IF is equivalent to estimating the instantaneous amplitude of the analog signal and hence
the disclosed system provides dual controlled output, i.e., a regulated amplitude as well as
regulated pulse representations despite fluctuations in the input.

[0019] The disclosed AGC can be used in the front end of modern analog electronic
systems such as communication receivers, radar, audio systems, and video systems. The
disclosed AGC can also regulate the output of analog-to-pulse converters with constraints on
area. Currently there is no method to control the timing of the IF pulse train. So this is a
novelty in the field. Moreover, the IF sampler (one of the main components) consumes
extremely low power. Hence this can also be used in the front end of low power sensors,
sensing systems and other biomedical applications.

[0020] Referring to FIG. 1, shown is an example of a negative voltage based feedback
system, which is the most common form of automatic gain control (AGC). The input signal
passes through the variable gain amplifier (VGA) 103, whose gain is controlled by an
external signal. Then the rms (root mean square) detector 106 senses the input and
converts it to a constant voltage that is proportional to the rms value of the input. The

undesirable high frequency components are filtered out. The output of the filter 109 is



WO 2017/100596 PCT/US2016/065859

compared against a reference voltage by a difference amplifier 112 to produce an error
signal which is used to adjust the gain of the VGA 103.
Pulse based AGC

[0021] Referring next to FIG. 2, shown are the main components of a pulse-based AGC
architecture including an IF sampler 206 and a gain adjustment block 209. The output of the
amplifier 103 is converted to continuous time pulses using the IF sampler 206. The time
detector 212 gives the time between the pulses. However, note that since the IF sampler
206 encodes information in the time between pulses, in some implementations the IF
sampler 206 itself can be used as a time detector to give the time between the pulses. The
time between the pulses is compared against a reference time by a gain adjustment 215 to
produce an error. The undesirable high frequency components of the error can be filtered
out. The filtered signal serves as the control signal to vary the gain of the VGA 103.

[0022] The flowchart of the disclosed pulse-based AGC is shown in FIG. 3. The analog
signal of the input stream 3083 is fed through the amplifier 103 (FIG. 2) with variable gain at
306. A regulated analog signal can be provided by the VGA 103 at 309. At 312, the IF
encoding is applied to the amplified signal to convert it to events in time by the IF sampler
206 (FIG. 2). A regulated pulse train can be provided by the IF sampler 206 at 315. The time
between the pulse-based events are detected and compared with a reference time in the
gain adjustment block 209 (FIG. 2) to generate an error signal at 318. The gain of the
amplifier 103 is adjusted through a feedback mechanism controlled by the error signal at
321.

[0023] The disclosed pulse-based AGC system of FIG. 2 is drastically different from
existing analog AGC’s. Instead of detecting parameters based on amplitude or modulation,
the timing is detected between IF pulses and then used to vary the gain of the amplifier 103.
By the novel inclusion of the IF sampler 206 in the AGC loop, both the analog amplitude and
the timing of the pulse train can be controlled simultaneously. Thus the proposed system can
be used in both analog signal processing systems and pulse based signal processing

systems. The basic components of the proposed AGC system are described below.
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[0024] IF sampler as time detector. Information in an IF encoded signal is in the timing
between events referred to as pulses. A block level schematic of an example of the IF
sampler 206 is shown in FIG. 4. The continuous analog input x(t) is convolved with an
averaging function u(t) by an integrator 403. The result of the convolution is compared
against two fixed thresholds {ep_en} by comparators 406. When either of these thresholds is
reached or exceeded, an output pulse corresponding to the polarity of the threshold crossed
is generated at that time instant. The output pulse represents that the area of the input signal
reached the threshold value. The integrator is reset 409 and held at this state for a specific
duration given by the refractory period (1) 412 to prevent two pulses from being too close to
each other and then the process repeats.

[0025] Letu(t) = e*~%+1) be the leaky factor in the integration 403 and t, be the

starting time of the continuous signal x(t) , then:
B = fyrve X(De“ (et ()

where 6y = {6,6,} and o, T > 0.

[0026] A non-uniformly distributed set of events is generated by this process, which is
referred to as a pulse train. The pulse train generated by IF represents the amplitude of the
real world analog signal through an injective mapping, with a unique inverse between the
two representations. Let T,,, be the timing of the m®™ pulse. Then the time between the
pulses T, ., — Ty, is fed into the gain adjustment 215 (FIG. 2) where it is used to generate
the control signal to vary the gain of the amplifier 103 (FIG. 2).

[0027] Gain adjustment. The gain adjustment 215 can comprise a summer 603 (e.g., a
differential amplifier), feedback factor 606 and a low pass filter 609 as illustrated in FIGS. 6
and 7. The time between pulses from the IF sampler 206 is compared against the reference
time to generate the error signal. The reference is the time interval of a pulse train where the
interval corresponds to a constant analog value against which the amplitude and the pulse
timings has to be controlled. So it is a periodic pulse train, i.e., the inter-pulse intervals are

equal and correspond to a constant area under the analog curve as illustrated in FIG. 5.
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[0028] There are two ways to obtain the reference time: (1) the constant analog
reference can be passed through an IF sampler to generate the reference pulse train and

the timing between pulses gives the reference time, T;..; or (2) the reference time can be

1

< ]a , where ¢, 0, a are the constant

c—6a

computed analytically using the formula T, = ln[

analog reference, IF threshold and IF leak factor, respectively. Here, the refractory period
can be assumed to be zero. For a non-zero refractory period, it can simply be added to T,.
The error signal is then multiplied by the feedback factor y and passed through a low pass
filter to generate the control signal which varies the gain of the amplifier as shown in FIG. 6.

[0029] Itis to be noted that instead of using time, a function of the time between pulses
F(U) can also be used to generate the error signal as shown in FIG. 7. The function can be a
logarithmic function, inverse function, etc. The output of the IF sampler 206 as well as the
reference time are transformed by the same function. Then the control signal is generated in
the same way as in FIG. 6.

Results

[0030] Examples of controlling the gain automatically with the proposed system are
shown in FIG. 8. The input signal 803 is a 12 Hz sinusoidal signal of 1V. The reference time
806 was set as shown in FIG. 9 so to increase the amplitude of the signal 803. It can be
seen from FIG. 8 that the gain 809 increases initially until it stabilizes after 1 sec resulting in
increasing the amplitude of the output signal 812. By increasing the amplitude of the output
signal 812, the time between pulses 815 decreases, which in turn increases the pulse
density of the IF pulse train as shown in FIG. 10. Moreover, by controlling the amplitude, the
time between pulses 815 are also regulated as shown in FIG. 9. Thus both analog and pulse
domain are regulated simultaneously with the proposed AGC system.

[0031] In this disclosure, various implementations of a pulse domain AGC system has
been presented, as well as their implementation schemes. The disclosed system can be

used to directly control and regulate an analog signal and the output of the IF sampler.
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[0032] It should be emphasized that the above-described embodiments of the present
disclosure are merely possible examples of implementations set forth for a clear
understanding of the principles of the disclosure. Many variations and modifications may be
made to the above-described embodiment(s) without departing substantially from the spirit
and principles of the disclosure. All such modifications and variations are intended to be
included herein within the scope of this disclosure and protected by the following claims.

[0033] It should be noted that ratios, concentrations, amounts, and other numerical data
may be expressed herein in a range format. Itis to be understood that such a range format
is used for convenience and brevity, and thus, should be interpreted in a flexible manner to
include not only the numerical values explicitly recited as the limits of the range, but also to
include all the individual numerical values or sub-ranges encompassed within that range as if
each numerical value and sub-range is explicitly recited. To illustrate, a concentration range
of “about 0.1% to about 5%” should be interpreted to include not only the explicitly recited
concentration of about 0.1 wt% to about 5 wt%, but also include individual concentrations
(e.g., 1%, 2%, 3%, and 4%) and the sub-ranges (e.g., 0.5%, 1.1%, 2.2%, 3.3%, and 4.4%)
within the indicated range. The term “about” can include traditional rounding according to

(AL

significant figures of numerical values. In addition, the phrase “about ‘X’ to ‘y”” includes

$

“about X’ to about ‘y”.
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CLAIMS

Therefore, at least the following is claimed:

—_—

An pulse-based automatic gain control (AGC), comprising:

a variable gain amplifier (VGA) configured to amplify an analog input signal to
generate an analog output signal based upon an amplification control signal,

an integrate-and-fire (IF) sampler configured to generate a pulse train
corresponding to the analog output signal; and

a gain adjustment configured to generate the amplification control signal
based upon a comparison of time between pulses of the pulse train to a reference

time.

2. The pulse-based AGC of claim 1, wherein the IF sampler is configured to detect the

time between the pulses of the pulse train.

3. The pulse-based AGC of any of claims 1 and 2, wherein the gain adjustment is
configured to:
generate an error signal corresponding to the difference between the
reference time and the time between the pulses of the pulse train; and
adjust the error signal based upon a defined feedback factor to generate the

amplification control signal.

4. The pulse-based AGC of claim 3, wherein the gain adjustment comprises a summer
to generate the error signal and a multiplier to adjust the error signal by the feedback

factor.

5. The pulse-based AGC of claim 3, wherein the gain adjustment is further configured to

low pass filter the amplification control signal.

10



10.

11.
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The pulse-based AGC of any of claims 1 and 2, wherein the gain adjustment is
configured to:

generate an error signal corresponding to the difference between a function of
the reference time and a function of the time between the pulses of the pulse train;
and

adjust the error signal based upon a defined feedback factor to generate the

amplification control signal.

The pulse-based AGC of claim 6, wherein the function of the reference time and the

function of the time between the pulses are the same function.

The pulse-based AGC of claim 6, wherein both the function of the reference time and
the function of the time between the pulses are a logarithmic function or an inverse

function.

The pulse-based AGC of claim 6, wherein the gain adjustment is further configured to

low pass filter the amplification control signal.

The pulse-based AGC of any of claims 1-9, wherein the reference time corresponds

to a time between the pulses of a pulse train generated by another IF sampler based

upon a constant analog input signal.

The pulse-based AGC of claim 10, wherein the reference time includes a refractory

period of the IF sampler.

11



12.

13.

14.

15.

16.

17.
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The pulse-based AGC of any of claims 1-9, wherein the reference time corresponds
to a time determined from a constant analog reference, an IF threshold and an IF

leaky factor of the IF sampler.

The pulse-based AGC of claim 12, wherein the reference time is calculated
analytically using a defined relationship between the constant analog reference, the

IF threshold and the IF leaky factor of the IF sampler.

The pulse-based AGC of claim 12, wherein the reference time accounts for a

refractory period of the IF sampler.

A method, comprising:

determining time between pulses of a pulse train corresponding to an analog
output signal from a variable gain amplifier (VGA);

generating an amplification control signal based upon a comparison of the
time between pulses of the pulse train to a reference time; and

adjusting amplification of the VGA in response to the amplification control

signal.

The method of claim 15, wherein generating the amplification control signal
comprises:

generating an error signal corresponding to the difference between the
reference time and the time between the pulses; and

adjusting the error signal based upon a defined feedback factor to generate

the amplification control signal.

The method of claim 16, wherein the amplification control signal is low pass filtered.

12
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19.

20.

21.
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The method of any of claims 15-17, comprising generating the pulse train from the

analog output signal of the VGA using an integrate-and-fire (IF) sampler.

The method of claim 18, comprising determining the reference time based upon time
between pulses of a pulse train generated from a constant analog reference signal
using another IF sampler or a defined relationship between a constant analog

reference, an IF threshold and an IF leaky factor of the IF sampler.

The method of claim 18, comprising determining the reference time based at least in

part upon a constant analog reference, an IF threshold and an IF leaky factor of the

IF sampler.

The method of claim 20, wherein the reference time accounts for a refractory period

of the IF sampler.

13
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US16/65859

A. CLASSIFICATION OF SUBJECT MATTER
IPC - HO03G 3/20, 3/10, 3/08 (2017.01)
CPC - HO03G 3/001, 3/005; HO3F 1/0255; HO3M 1/183

According to Intemnational Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History document

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of
See Search History document

data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2007/0164823 A1 (HSIEH, B et al.) July 19, 2007; abstract, figure 3, paragraphs 1-5
- [0024}-[0026), [0033), claims 1, 15 -

6-9
Y US 2015/0141857 A1 (UNIVERSITY OF FLORIDA RESEARCH FOUNDATION INC. ) May 21, [1-6

2015, paragraphs [0033], claim 1

Y US 4,578,625 A (NAZARIAN, A et al.) March 25, 1986; figure 4a, column 3, lines 40-56, column | 1-5
-- 4, lines 1-17 --
A 6-9
Y US 6,661,852 B1 (GENRICH, T) December 8, 2003; column 2, lines 25-35, claims 1, 4 4
Y US 7,019,930 B1 (HENNECKEN, M) March 28, 2006; claims 7, 17 5

D Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L™ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q" document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the mternauonal filing date or priority

date and not in conflict with the apﬁ ication but cited to understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

wyr

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

28 February 2017 (28.02.2017)

Date of mailing of the international search report

17 APR 2017

Name and mailing address of the [SA/

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Shane Thomas

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. % Claims Nos.: 10-14
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

-***.Continued within extra sheet-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. l:l As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. K{ No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-9

Remark on Protest I:] The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

[:I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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-***-Continued from Box No. Ill - Observations where unity of invention is lacking-***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fee must be paid.

Group I: Claims 1-9 are directed towards a pulse-based automatic gain control.
Group |I: Claims 15-21 are directed towards a method for determining time between pulses.

The inventions listed as Groups I-Il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group | include at lsast an integrate-and-fire sampler and a gain adjustment, which are not present in
Group l.

The special technical features of Group Il include at least determining time between pulses of a pulse train corresponding to an analog
output signal from a variable gain amplifier and adjusting amplification of the VGA in response to the amplification control
signal, which are not present in Group |.

The common technical features shared by Groups I-I| are a variable gain amplifier; generating an amplification control signal based upon
a comparison of time between pulses of a pulse train to a reference time.

However, these common features are previously disclosed by US 4,578,625 A to NAZARIAN et al. (hereinafter "Nazarian) in view of US
2007/0164823 A1 to HSIEH et al. (hereinafter “Hsieh"). Nazarian discloses an amplifier (a power amplifier 28; figure 1); generating an
amplification control signal based upon a comparison of time between pulses of a pulse train to a reference time (generate a command
signal (amplification control signal) based upon a comparison between index pulses of a pulse train to a reference time; figure 4a,
column 3, lines 40-56, column 4, lines 1-17). Nazarian fails to disclose a variable gain amplifier and an amplification control signal. Hsieh
discloses a variable gain amplifier (variable gain amplifier; claim 1). It would have been obvious to one of ordinary skill in the art at the
time of the invention to modify the amplifier of Nazarian to provide a variable gain amplifier, as taught by Hsieh, in order to gain the
advantages of lower cost, noise and distortion which in turn increases the accuracy of the system.

Since the common technical features are previously disclosed by Nazarian in view of Hsieh, these common features are not special and
so Groups I-1l lack unity.

Form PCT/ISA/210 (extra sheet) (January 2015)
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