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An automatic digital ac bridge method employing the principle of balancing by means of a stochastic gradient search
algorithm has been presented. Among the various gradient search techniques Widrow-Hoff Least-mean-square
(LMS) techniques has been chosen as it involves low computational burden. The relevant operation of the bridge
has been verified by the simulation and real time implementation. The convergence time for a relatively simple form
of the LMS bridge namely, the R-R type bridge has been theoretically established and also experimentally verified
both by simulation and real-time implementation. The frequency response of the LMS algorithm has also been
determined.
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INTRODUCTION

With the advent and widespread availability of electronic digital
computers, impedance measurements may be carried out by digi-
tal techniques. This has the advantage of high precision, high
reproducibility and stability, better realiability and flexibility, and
also high speed of operation. Needless to mention that computer
methods for measuring impedances are automatic without the
necessity of manual operations.

This paper presents the development of an automatic digital ac
bridge method employing the principle of balancing by means of
a stochastic gradient search algorithm. An attempt has been made
here to expand the scope and highlight special features1 − 4.

In a conventional software operated digital ac bridge5 − 10, the
convergence depends on the estimate of rms error voltage in
vector form and therefore requires integral number of cycles of
bridge excitation frequency. As a consequence, the measurement
time becomes frequency dependent and rather large for low
frequencies.

The method of stochastic gradient search techniques can reduce
measurement time as it operates on an instantaneous basis.
Among the various gradient search techniques11, the Widrow-
Hoff least mean square (LMS) technique involves a low amout
of computational burden. Furthermore, this technique is also
capable of measuring or monitoring time varying impedances.
The relevant operation of the LMS bridge has been verified by
simulation.

A method for calculation of convergence time ie, measurement
time for a relatively simple form of the LMS bridge namely the
R-R type bridge has been theoretically established. The bridge
configuration is simple because the unknown and reference im-
pedances are purely resistive in nature. The convergence time is
also experimentally verified both by simulation and real-time
implementation. The frequency response of the LMS algorithm
has also been determined, and it shows that the LMS algorithm
has the properties of a tuned filter.

The main content of references1 , 2 relate to the development of a
digital ac bridge based on LMS algorithm. In reference3 the
principle of operation has been elaborated by elucidating the
connection link between the continuous version and the discrete
version of the proposed bridge. In reference4 the authors have
expanded the relevant concepts purely on a digital basis. The
present paper is an attempt to highlight and further elucidate the
theory of the digital version of the proposed bridge.

LMS ALGORITHM (WIDROW-HOFF) FOR 
DIGITAL AC BRIDGE BALANCE

Figure 1 shows the schematic of a conventional digital ac
bridge5 − 10. The bridge is formed by two symmetrical digitally
synthesised sine-wave generators (Vx and Vr) and the impedances

to be compared. The voltages Vx and Vr are obtained by digital

synthesis where an approximate sine-wave signal is generated
from a digital memory by means of a digital to analog converter
(DAC). In ideal case, the balance condition is given by

Vx
 ⁄ Vr  =  Zx

 ⁄ Zr (1)

where Vx and Vr , are the rms values of the variables and reference

voltages respectively; Zx and Zr unknown and reference imped-

ances respectively.

Figure 2 illustrates2 − 4 , 12 the technique on which the present
bridge is operated. The bridge is balanced by controlling the
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voltage Vxk, according to Widrow-Hoff LMS algorithm13. In this

bridge, Vrk and Vxk are two digitally synthesised sinusoidal volt-

age sources with the same frequency ω, but different amplitudes
and phase shifts. The reference voltage source Vrk is of unity

amplitude and zero phase shift. The inphase and quadrature
voltages Vxik and Vxqk respectively combine to give the complex

voltage Vxk given as

Vxk  =  Vxik  +  Vxqk

  =  mik  Vrk  +  mqk  Vqk   for   K  =  0, 1, 2,  . . . etc (2) 

where mik and mqk represent the co-efficients at the kth instant

attached to the inphase and quadrature components of the voltage
Vxk ; Zx and Zr; are the unknown and reference impedances re-

spectively. For simplicity Zr  is chosen to be resistive,  ie,

Zr  =  R. When the bridge is balanced ie, Ek  =  0, the unknown

impedance is given by

Zx  =  mik  R  +  jmqk  R     for    k  =  0, 1, 2,  . . . etc (3)

where mik  R and mqk  R are the real and imaginary components

of Zx respectively. Thus the choice of Zr as pure resistor enables

the real and imaginary components of Zx to be computed without

involving any complex computation.

An automatic digital ac bridge can be looked upon as an adaptive
error canceler system. Figure 3 shows an adaptive error canceler
in an automatic digital ac bridge. The reference inputs vrk and

vqk are assumed to be n-point sinusoids Asin(ω k τ) and

Acos(ω k τ) respectively, k  =  0,1,2 . . . . .  with sampling fre-
quency l ⁄ τ, where τ is the sampling as well as iteration interval
and ω (2π ⁄ n τ) is the angular frequency. The difference between
the primary input signal (vpk) and the signal (vnk) is the error (ek),

which ultimately adjusts the components w0k and w1k through an

adaptive algorithm. The error ek at the kth instant is given by

ek  =  vpk − vnk  =  (−  vrk (Zx
 ⁄ (Zx  +  R))) − (W0k vrk

  +  w1k vqk) (4)

The LMS adaptive algorithm minimizes the mean-square- error
E [ (ek)

2] by recursively altering w0k and w1k through the steepest

descent method. The algorithm yields the next (k+1)th weight as
follows.

w0 (k + 1)  =  w0 k  +  2 µ ek A sin (ω k τ)                         
k  =  0, 1, 2, . . . . . (5)

w1 (k + 1)  =  w1 k  +  2 µ ek  A cos (ω k τ)                 
k  =  0, 1, 2, . . . . . (6)

The parameter µ is the convergence factor which controls the
stability and adaptation rate. w0k and w1k can also be expressed in

terms of mik and mqk by a scale factor and are given by, 

w0 k  =  (−  R ⁄ (Zx  +  R)) mik      k  =  0, 1, 2, . . . . . (7)

w1 k  =  (−  R ⁄ (Zx  +  R)) mqk      k  =  0, 1, 2, . . . . . (8)

From equations (5) to (8) the coefficients mik and mqk can be put

in the forms

mi (k + 1)  =  mik − 2 µ ek β  A sin (ω k τ  +  θ)               
k  =  0, 1, 2  . . . . . (9)

mq (k + 1)  =  mqk − 2 µ ek β  A cos (ω k τ  +  θ)             
k  =  0, 1, 2  . . . . . (10)

where β  =  √ ((1  +  Rx
 ⁄ R)2  +  (Xx

 ⁄ R)2  and θ  =  tan − 1

(Xx
 ⁄ (R  +  Rx)), mik and mqk converge to constant values as e tends

to zero. Here Rx and Xx are the real and imaginary parts of Zx

respectively. 

Experimental Verification of the Proposed LMS Bridge by
Computer Simulation

For an experimental verification of the performance of the bridge,
the coefficients mik and emqk are estimated in two ways:

(i) using equations (9) and (10) exactly, for which prior
estimates of Zx, ie of β and θ, is necessary.

(ii) using approximations with β  =  1 and θ  =  0, giving

Figure 2 Digital ac bridge using LMS Algorithm Figure 3 Digital ac bridge configured as adaptive error canceler system
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CONCLUSIONS

The Widrow-Hoff LMS algorithm has been successfully em-
ployed for noise cancellation purposes in the field of signal
processing. The authors have adapted this algorithm for the
automatic balancing of an ac bridge. Significant advantages have
been realized in the proposed LMS bridge over conventional ac
bridges3 − 8. These features include faster convergence, feasibility
of tracking time varying impedances, feasibility of measuring
negative impedance, and relative immunity to external interfer-
ences.
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