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Use of Discrete Hilbert Transform for a
Vector-Voltmeter in Discrete Time
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Abstract A digital synchronous detector consists of a multiplier circuit and a low pass digital filter. The synchronous detector is
activated by two numerical sequences, one input numerical sequence that carries the measurement information and a reference
numerical sequence that sets the origin of phase. The numerical sequence input comes from sampling the analog signal, a harmonic
signal, information carrier. The sensitivity of the synchronous detector is dependent on the phase of the reference sequence. Digital
synchronous detectors using Discrete Hilbert Transform are synchronous detectors in quadrature, numerical operators. The paper
presents a short theory about synchronous analog detectors. Furthermore, algorithms are developed to achieve a synchronous
detector in quadrature using Hilbert Transform with multiplication by chopping. Finally, the paper presents a general application

to achieve a numerical vector-voltmeter, in two versions.
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1. INTRODUCTION

1.1. Analog synchronous detectors

Inside the electrical measurement techniques,
measurement information is embedded in amplitude or
phase of an amplitude modulated signal. Modulation is
for translating the useful signal spectrum of low
frequencies domain — where the ,,1/f” noise is present -
in the medium frequencies domain, where this noise
does not appear.

Let us consider the information described by time
constant amplitude or as a slowly varying function
X (t).

Recovery measurement signal is made through a
synchronous detection operation, called coherent
detection. In the present paper, synchronous detection
method is treated in discrete time, and is performed by
analog multiplication by chopping.

Synchronous  detection [1-6] involves two
operations: the actual multiplication by an analog

Figure 1 illustrates the principle of synchronous
detection by analog multiplication.

Be an information carrier signal X(t) of the form:
x(t) = X (t)sin(a,t + ) (1)
where X (t) is slowly variable, with the spectrum
inside the low frequency domain; ®, = 27f, with

f, = constant.

The reference signal is Xrefo(t) :

Xrefo(t) = Xref Sin(a)ot) (2)

where Xref = constant.

The synchronous detector “DS” comprises a
multiplier ,,M” and a Low Pass Filter “FTJ”, figure 1:

Block "M" is the multiplier and multiplies the
original signal by the reference signal and with a
multiplier coefficient K :

multiplier and the operation of low pass filtering. dim{ K}= X
X(t) (t) Xoe _ x(t X
N VI FTJ " o O Ios 2%,
xrcl'(l(t) xrcﬂ’(l)

Fig. 1. The synchronous detector
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At the output of the multiplier, we obtain the

signal y(t) ;

Y(t) = KX(t)X1(t) 3
y(t) = KX (t)sin(a,t + 9) X . Sin(e,t)

Cos@

ref

) = KX OX

. (4)
-5 KX (t) X o COS(205t + )

where (1/2)KX (t) X
slowly variable component, (or the DC component if
X (t) is constant) and :

1/2)KX (t) X, cOS(2aw,t + ) represents the

AC component.

»-FTJ” block is a Low Pass Filter which cuts the
AC component and keeps the slowly variable
component (or the DC component).

For the synchronous detector, a higher order
(more than four) Butterworth filter type is chosen, in
order to get a good rejection of alternative components
of even frequency.

The FTJ output returns:

Xoc = % KX (t) X, COsS@ (5)

COS@ represents the

ref

where X (t) contains the amplitude information

1.2. Quadrature synchronous detector

It is used to determine also the phase information,
see figure 3.
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Fig. 3. Block diagram of a quadrature synchronous detector

The synchronous detectors DS1, DS2 are in
quadrature — DS2 has its reference signal delayed with

90° to the reference signal of DS2. At the output of the
synchronous detectors, we obtain the components X01

and X, .

1

and ¢ contains th_e phase information. _ Xy == KX (t)X s cos(p) (6)
The block diagram of a synchronous detector is 2
presented in figure 2. 1 .
Xop = > KX (1) X . Sin(¢) @)
X( t) ch From the above relations, is obtained:
> DS ®
XOZ
= 2r02 8
~ ¢ = arctg X,. (8)
XG+ X = TR, ©
Xer (1) 4 xg X 2
X Z(t) — ( 01 + 02) (10)
K*X?2
Fig. 2. Block diagram of a synchronous detector ref
- Xo[n] X[n DS Xo[n]
x[n] yin] | rm o) x[n] ot}
numeric numeric
Xeer[ 1] Txm.[n]

Fig. 4. Block diagram of a discrete synchronous detector
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2. SYNCHRONOUS DETECTORS IN
DISCRETE TIME

Synchronous detector in discrete time is illustrated
in figure 4 [7]:

The block ,,FTJ numeric” represents a numerical
Low Pass Filter. Digital filters are algorithms run on a
computing unit.

2.1. How does the synchronous detector in
discrete time operate?
It is considered known the sequences below:

X[n] ={x[0]; x{];...,; X[N - 1]}
Xref [n] = {Xref [O]’ Xref [1]” Xref [N _l]}

Discrete signal X[n] is arithmetically multiplied
by reference signal to give:

yIn]={y[OF; y[iI;...; yIN - 1]}

The obtained signal is passed through a numerical
low pass filter. A new sequence of data is obtained,

X 0[n] , which stabilizes at a certain value and contains

the information of interest.

It is very important that the signals (data streams)
applied to the synchronous detector to have the same
length [9-11].

2.2. Synchronous detector in quadrature using
Hilbert Transform with multiplication by
chopping.

Synchronous detector in discrete time in
quadrature — chopping version

Synthesis algorithm of synchronous detector in

quadrature by chopping is based on considerations of
analogue synchronous detector by chopping [8, 12-13].
In figure 5 is presented its general scheme.

The numerical sequence associated to input signal

X[n] is obtained in analogy with the above presented
ones.
Reference signal X,,[N] is obtained through

signum operator {}:

Xrefl[n] = Slgn{x refl Sm[Zﬂant]}

N-1
2

B ﬂZSi”(Zk +1)w,nT,
T k=0 2k +1 ’ (11)
(h=0,N=1)
Equations of synchronous detector DS1 are:
4 .
yl[n] =—X (nTe)SIn (nTe + (/’) '
w (12)
~ (S|n(2k +1)w,nT,
= 2k +1

Thus, at the output of the synchronous detector is
obtained the sequence:

2
Xose[N] = — X[n]cos ¢[n] (13)

le the multiplication coefficient of the

2
synchronous detector is —.
T

The synchronous detector DS2 has the reference
voltage:

X[n] DS1 Xore
— > —®
numeric
X n|==sign{X,  sin2afnAr]} \
—e
DS2 X,
> numeric [———®
N N
TH
xrcl‘j[n]

Fig. 5. Synchronous detector in discrete time in quadrature — chopping version
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Xref 2= H {Xref 2 [n]}= )A( ref 2[n]

3 iNZZE(—l)k cos(2k +1)a,NnT,
T 2k +1

The equations of the synchronous detector DS2
are:

(14)

y,[n] = & X (nT,)sin(e,nT, + ) -
T

Nt (15)
'i(_l)k cos(2k +1)w,nT,
= 2k +1

Thereby, at the output of the synchronous detector
is obtained the sequence:

xm[n]{xm]sinq)[n]

The digital filter selects the original signal if the
cutoff frequency satisfies the condition;

f
@, <20, =2w,T, =271
e
It is important to note that the input signal must

have its spectrum’s maximum frequency @,, < @ .

With this restriction fulfilled, the sequence y[n] has the
spectrum composed of the original signal’s spectral
packages, placed in the origin and in the right of even
frequencies, without such spectra intersects.

(16)

Observations:
The synchronous detector in discrete time by
chopping has the advantage that it provides at the

output sequences independent of the amplitude X, .

This makes possible that on the primary measurement
circuit the operation of calibration in amplitude of the
reference signal not to be necessary.

On the other hand, in situations where the

frequency @, is accurately known (implicitly @, ), the

reference signal can be generated virtual. Such a
situation may be accepted when the phase information
is not important, but only the amplitude information of

the analog signal X(t).

Numerical output filters should have a strongly
rejecter character. It is important to know the phase
characteristics of the low pass filters.

3. APPLICATION VECTOR-VOLTMETER

3.1. Version I:

The Vector-voltmeter is a direct application to a
configuration of two quadrature synchronous detectors.
It is used to determine both the information contained
in the amplitude and phase.

The block scheme of a Vector-voltmeter is
illustrated in figure 6. The equations of the synchronous
detector in quadrature — version | — are implemented.

'rn'.rl | ”l TII Xu‘l'.‘l n]
—] X
[n] xoln) —— Yo L, X
X > FTJ + 2 x
X.ml“l 1\ > X ‘I) 4 | L - J\
Xoo[n] Xoo A AL
>{ FTJ r
X1L'1:In|
3 % 4| 2+ arctg > ¢
SN £
Fig. 6. Block scheme of a Vector-voltmeter - Version |
x[n] TH X[n]
, P
[n] X o — X LT, X
> X > FTJ AN + P2
xl'cl'l n| - /l\ . é x —|> 4 —L j\
X oo o | R —| “ LA
x FTJ o r
X[n] i —
- I%\ X J 9 *® S arcte 9 QP
EEEN =

Fig. 7. Block scheme of a VVector-voltmeter - Version Il
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3.2. Version II:

The block scheme of a Vector-voltmeter is
illustrated in figure 7. The equations of the synchronous
detector in quadrature — version 1l — are implemented.

4. CONCLUSIONS

Synchronous detection in real time is used in the
processing of high frequency signals. Synchronous
detection operations require high speed processing
circuits, multipliers, analog switches, low pass filters,
band pass filters.

The paper presents a version of a discrete
synchronous detector in quadrature by chopping, using
the Hilbert Transform.

Also, two versions to achieve a Vector-voltmeter
are presented.

Theoretical ~ conclusion  follows: if  the
measurement signal is embedded in the amplitude or
phase, its recovery is preferred by an operation of
synchronous detection in quadrature realized in discrete
time, using the Hilbert Transform.
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