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Abstract: This paper describes an application of novel modified method of the dependent count for 
measuring the frequency (period) of slow slew rate signals (common for the conversion-to-digital of 
resistance, capacitance, inductance or resistive-sensor–bridge signals based on direct connection to a 
microcontroller). The AVR 8-bit ATmega168-20PI microcontroller (Atmel), based on advanced 
reduced instruction set computing architecture, was used. The modified method of the dependent count 
improves the accuracy of period measurements for the slow slew rate signals of triangular, sine, 
exponential rise and fall, as well as rectangular waveforms, by 2-to-3 orders in comparison with the 
accuracy achieved with classical indirect counting in all frequency ranges. The error is evaluated from 
the statistical characteristics and histograms of measured pulse periods, quantitatively confirming the 
advantages of the modified method for frequency (period) measurements for non-square pulse signals. 
Measurements are further improved (becoming about 1.5 times more accurate) for some waveforms 
when an external Schmitt trigger is used. Copyright © 2009 IFSA. 
 
Keywords: Period measurement; Modified method of the dependent count; Frequency measurement 
 
 
 
1. Introduction 
 
Frequency and period of non-rectangular waveform signals that have a slow slew rate - such as 
triangular, sine, exponential rise and fall waveform signals - must often be measured. Low frequency 
measurements (50, 100 and 200 Hz) involving signals with a slow slew rate are common, for example, in 
the conversion-to-digital of resistance, capacitance, inductance or resistive-sensor–bridge signals based 
on direct connection to a microcontroller [1, 2]. Such an approach offers a simple low-cost interface 
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between microcontrollers with embedded timer/counter and quasi-digital sensors with a period, time 
interval or frequency output. The indirect (period) counting method for slow slew rate signals is 
susceptible to errors because of changes in the input trigger threshold due to several external and internal 
noise sources. In addition to thermal noise, there are other trigger noise sources that are program 
dependent [3] or result from interference in the microcontroller power supply [4, 5]. Very often, trigger 
errors predominate over the inherent quantization error, so that precise frequency or period 
measurements require the use of an external input signal-forming device, such as an amplifier-limiter 
with a Schmitt trigger circuit, which yields rectangular waveform impulses from the slow slew rate 
signal [3]. However, that solution increases the hardware cost and reduces reliability, because the 
probability of failure is directly proportional to the number of components being used. 
  
Fig. 1 shows a triangular signal whose period is determined by measuring the time interval between 
consecutive voltage crossings of its leading ramp. In a noiseless system (Vth undistorted), the period 
measured would be Tx and the input trigger points would be at S1 and S2. However, noise and interference 
added to Vth shift the trigger points, so that the measured period will be Tx+τ1+τ2. Usually, τ1 ≠ τ2 

because ∆V1 ≠ ∆V2. 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Error level related to trigger point uncertainty when measuring the period of a triangular signal. 
 

 
Frequency-to-digital conversions are immune to that error component, because it is not necessary to 
extract a separate period from the pulse train and τ1=τ2 = 0, so that we can measure fx and then calculate 
the period as Tx=1/fx [6]. But the standard direct counting method for frequency measurement applied to 
low frequencies has either a very high quantization error or a long measurement time. For example, in 
order to have a quantization error below 0.01% at fx = 100 Hz, the conversion time must be larger than 
100 s. Advanced methods for frequency measurement, such as ratiometric, reciprocal, M/T, constant 
elapsed time (CET), single- and double-buffered or direct memory access (DMA) methods, and methods 
using a non-redundant reference frequency [6] all have a constant quantization error regardless of signal 
frequency; however, their conversion time is redundant, which increases the dynamic error and the 
measurement time for all frequencies except the nominal one. It would be preferable to use an alternative 
method related to frequency (period) conversion, one that would have a constant quantization error over 
the entire frequency range measured and a non-redundant conversion time. 
 
This paper describes the application of a novel approach to the measurement of slow slew rate signal 
frequency (period) based on a modification of method of the dependent count; this approach uses the 
common modern AVR 8-bit ATmega168 microcontroller (Atmel), which is based on advanced reduced 
instruction set computing (RISC) architecture. The main advantages of the microcontroller-based 
method are the use of the least possible amount of hardware, high reliability and low price. All these 
factors are very important for applications where resistive, capacitive, inductive or resistive bridge 
sensing elements are directly interfaced to standard microcontrollers in order to convert appropriate 
parameters into digital information. 

 

Tx 
τ1 τ2 

V 

t 

S1 
S2 

∆V1 
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2. Novel Modified Method of the Dependent Count 
 
The modified method of the dependent count combines the advantages of classical and advanced 
methods and ensures a constant relative quantization error over an entire frequency range and also high 
speed due to non-redundant conversion time. The time diagram of the modified method of the dependent 
count is shown in Fig. 2. 
 
 

 
 

Fig. 2. Time diagrams of the modified  method of the dependent count in cases of fx < f0 (a)  
and fx > f0  (b). 

 
 
Let us consider two possible cases. In the case of fx < f0 , where f0 is the reference frequency, time 
diagrams of the method are similar to the previously proposed method of the dependent count [7] but 
without the preliminary stage for frequency comparison (fx>< f0). In other words, a measurement will 
start at the t2 moment: thus, beginning from moment t2 according to the modified method, pulses of both 
frequencies fx and f0 are counted (the numbers N1 and N2 respectively). The count continues during the 
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time interval between t2 and t4. The reference gate time between t2 and t3 is equal to the integer value for 
the period of the reference frequency f0 and is determined by the number Nδ  = 1/δ, where δ is the relative 
error of measurement. The necessary relative error can be chosen at the beginning of each measurement 
or set up for all measurements at once according to a measuring algorithm. The counts of both 
frequencies (fx and f0) are stopped by the next pulse after an unknown frequency fx after moment t3. The 
number N2 is the integer number of the period of the reference frequency f0: 
 
 NNN ∆+= δ2 , (1)

 
where ∆N = (0 ÷ ∆Nmax) is the additional value of the period of the reference frequency f0 counted during 
the ∆t time interval (between t3 and t4). In turn, N1 is the integer value of pulses of unknown frequency fx. 
The time of measurement Tmeas is an integer value of converted periods of the signal with frequency fx: 
 
 

x
xmeas f

N
NTT 1

1 =⋅=  (2)

 
This time interval can also be approximated as: 
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From equations (2) and (3) it follows that an unknown frequency fx and period Tx should be calculated 
according to the following formulas: 
 
 

0
2

1 f
N
Nf x ⋅=      and     

01

2

fN
NTx ⋅

= ; (4)

 
The quantization error for these measurements results from the fact that the time of measurement 
Tmeas = tx + ∆tx is not equal to the integer number N2 of the period of the reference frequency T0 = 1/f0: 
 
 

0

2
02 f

NTNTmeas ≠⋅≠  (5)

 
A change of the frequency fx between specific limits will change the interval Tmeas, and the number of 
counted impulses N2 will change from ∆N = 0 to ∆N = ∆Nmax., where ∆Nmax is the number of impulses in 
the interval ∆tx ma x= Tx. Taking into account that the period of these input impulses is Tx , we will have 
 
 

x

x

f
f

T
T

N 0

0
max ==∆  (6)

 
The maximum quantization error will take place when the number of counted impulses N2 is minimal 
and equal to Nδ . Then, the maximum relative error will be 
 
 

δδ
δ

===
NN
11

min
max  (7)

 
Hence, the maximum error is determined only by Nδ  and does not depend on the measured frequency. 
The minimum error will be at N = Nmax. Since Nmax = Nδ  + ∆Nmax, 
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max
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1
NN ∆+

=
δ

δ  (8)

 
Selecting a large Nδ  = 1/δ reduces the quantization error. The measurement time can be kept short by 
selecting a large reference frequency f0. 
 
In the common case the mean-square quantization error will be 
 
 

66
1 δσ
δ

==
Nq  (9)

 
The coefficient of relative error change should be calculated according to the following equation: 
 
 α = δmax /δmin= (Nδ +∆Nmax)/Nδ . (10)

 
Taking into account a wide frequency range of measurement, the time of measurement Tmeas = tx+∆tx 
should be calculated as 
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⎪
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=
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T
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N
ifT
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N
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N
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The resolution of method in the case of fx < f0 can be calculated according to the following equation: 
 
 

( ) ( )11)1( 222

10

+∆+
=

+
=

+
⋅

=
NN

f
N

f
NN

Nf
Q xx

N
δ

. (12)

 
For the case of fx > f0, time diagrams of the method are shown in Fig. 2b. N2 is equal to Nδ  (∆N = 0). 
Unknown frequency fx, or period Tx = 1/fx, should be calculated according to equations (4). The relative 
error δ = δmax = δmin and the coefficient of relative error change α =1. The time of measurement in this 
case will be 
 
 ( )xmeas T

f
NT ÷+= 0

0

δ . (13)

 
The resolution of modified method of the dependent count  in case of fx > f0 can be determined as 
 
 

( )1+
=

δN
f

Q x
N . (14)

 
In comparison with an earlier-proposed method of the dependent count  [7], the new recently patented 
modified method has high programmable accuracy, scalable resolution, non-redundant time of 
measurement and a wide frequency range; additionally, it allows us to measure frequency that exceeds 
the reference frequency (fx >> f0) without additional hardware or time for preliminary frequency 
estimation or comparison: (fx >< f0). In order to measure fx < f0 or fx > f0, no additional decision-making 
procedure is necessary. The calculation is done automatically (see Fig. 2a and 2b respectively). 
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3. Measurement System Set-up 
 
In order to experimentally validate the advantages of the modified method of the dependent count for 
frequency (period) measurements of slow slew rate signals with different waveforms, the common 
modern AVR 8-bit ATmega168-20PI (Atmel) microcontroller was used. Fig. 3 shows the measurement 
set-up. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3. Measurement set-up to determine the period of signals having a slow slew rate. 

 
 
Different waveform (rectangular, triangular, sine, exponential rise and exponential fall) signals whose 
periods were to be measured were fed from a function generator (Agilent 33220A) to inputs INT0 
(external interrupt request 0, programmed to interrupt the main program when a rising edge crosses its 
voltage threshold), and T0 (Timer/Counter 0) of the ATmega168-20 PI microcontroller running on a 
20 MHz clock. The microcontroller converted periods of slow slew rate signal to digital by using the 
modified method of the dependent count implemented by software relying only on the internal 
functional-logical architecture of the microcontroller. The internal reference frequency was f0 = 625 kHz 
with the relative error δ0 = ±0.0001 %. The programmable relative error of period measurements was 
chosen as δ = ±0.0005 %. The microcontroller was supplied at +5 V dc by a Promax FAC-363B power 
supply. The frequency generated by the Agilent 33120A was 100 Hz; its respective period was 10 ms 
and signals were monitored by a high precision calibrated frequency counter (Agilent 53132A). This 
frequency was chosen to be the same as in experiments described in [3, 4, 8-10] in order to compare the 
experimental results. Each slow slew rate signal was measured by the microcontroller directly as well as 
through an external Schmitt trigger integrated circuit 74HC14D (Fig. 4 a-e). The waveform signal 
parameters are shown in Table 1. The peak-to-peak amplitude was approximately 5 V. The Promax 
OD-571 oscilloscope monitored the signal waveforms. 
 
The measured period value was sent to a PC via an RS-232 interface implemented with the ST202D 
integrated circuit. The user interface was implemented with the help of terminal software (Terminal 
V1.9b for Windows) [11]. Period measurements were taken every second until a total of 60 
measurements had been recorded. The measurement error was evaluated from histograms and 
appropriate statistical characteristics. 
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a) 
 

b) 
  
  

  
 

c) 
 

d) 
  
  

 
º 
e) 

  
 

Fig. 4. Input forming device time diagrams: input (1) and output (2) signals for different investigated 
waveforms. 
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Table 1. The Waveform Signal Parameters. 
 

 
 
4. Experimental Results and Discussion 
 
The measured periods and the probability densities for triangular waveform signals of 100 Hz with 50 % 
symmetry are shown in Fig. 5 (a, b). The statistical characteristics are shown in Table 2. The number of 
equidistant classes k in the probability density function chart for a sampling of 60 measurements was 
calculated according to [12] and is k = 5. The relative error can be reduced 1.53 times by using an 
external Schmitt trigger. 
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Fig. 5. Experimental results of direct period measurement for a triangular waveform signal and its probability 
density (a); experimental results and probability density with the use of an external Schmitt trigger (b). 

 

 Triangular Sine Exponential Rise Exponential Fall 
Rise Time: 
1. Input Signal 3.275 ms 2.82 ms 3.733 ms 78.49 µs 
2. Schmitt Trigger Output 78.73 µs 78.73 µs 80.00 µs 81.29 µs 
Fall Time 
1. Input Signal 3.3 ms 2.653 ms 75.47 µs 3.273 ms 
2. Schmitt Trigger Output 78.73 µs 78.73 µs 81.31 µs 80.00 µs 



Sensors & Transducers Journal, Vol. 107, Issue 8, August 2009, pp. 1-16 

 9 

 
 
 
 
 
 
 
 

Table 2. Statistical characteristics of the results for period measurements (10 ms) of rectangular waveform signal and slow slew rate signals of different waveforms. 
 

 
 

Rectangular Triangular Sine Exponent Rise Exponent Fall   Signal Wave
                    Form 
 
Parameter 

Directly With Schmitt 
trigger Directly With Schmitt 

trigger Directly With Schmitt 
trigger Directly With Schmitt 

trigger Directly With Schmitt 
trigger 

Minimal Tx (min), µs 9999.9605 9999.9605 9999.859 9999.90 9999.8605 9999.8605 9999.8582 9999.8582 9999.9587 9999.9587 
Maximal Tx (max), µs 10000.0105 10000.0105 10000.4588 10000.1089 10000.0605 10000.0605 10000.1082 10000.0582 10000.0587 10000.0587 
Sampling Range, 
Tx (max) - Tx (min), µs 0.05 0.05 0.5999 0.2 0.2 0.2 0.2499 0.2 0.1 0.1 

Median 0 0 0 0 0 0 0 0 0 0 
Arithmetic Mean, µs 9999.963 9999.9647 9999.9831 9999.9923 9999.9755 9999.9688 9999.9882 9999.9749 9999.9937 9999.9854 
Variance, µs 0.0001 0.0002 0.0088 0.0037 0.0021 0.0032 0.0034 0.0029 0.0009 0.0009 
Standard Deviation, µs 0.011 0.0139 0.0936 0.0608 0.0454 0.0569 0.0584 0.0534 0.0295 0.0298 
Coefficient of Variation 910206.786 717747.766 106806.024 164427.259 220416.908 175875.618 171370.344 187261.309 338555.832 335849.227 

Confidence Interval at 
probability P=97 % 

Tx∈ 
[9999.9599÷ 
9999.9661] 

Tx∈ 
[9999.9607÷ 
9999.9686] 

Tx∈ 
[9999.9569÷ 
10000.0093] 

Tx∈ 
[9999.9752÷ 
10000.0093] 

Tx∈ 
[9999.9628÷ 
9999.9882] 

Tx∈ 
[9999.9529÷ 
9999.9847] 

Tx∈ 
[9999.9719÷ 
10000.0046] 

Tx∈ 
[9999.9599÷ 
9999.9898] 

Tx∈ 
[9999.9854÷ 
10000.002] 

Tx∈ 
[9999.977÷ 
9999.9937] 

Maximal Relative 
Error, % ≤ ±0.000031 ≤ ±0.00004 ≤ ±0.000262 ≤ ±0.000171 ≤ ±0.000127 ≤ ±0.000159 ≤ ±0.000164 ≤ ±0.00015 ≤ ±0.000083 ≤ ±0.000084 

Distribution low - - - Uniform Gaussian Gaussian - Gaussian - - 
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The χ2 test for goodness of fit test was applied to investigate the significance of the differences between 
observed data in the histograms and the theoretical frequency distribution for data from a normal, or 
uniform, population. For the triangular signal, the period of which was measured with the use of a 
Schmitt trigger as an input device, for five equidistant classes (Fig. 5b) and a probability P = 97 %, 
according to the χ2 test, S < χ2

max, where S = 8.6667 is the sum of deviations between the dataset and the 
assumed distribution; χ2 

max = 10 is the maximum possible allowable deviation in the χ2 distribution. 
Hence, the hypothesis of uniform distribution can be accepted. 
 
The experimental results for sine wave signal period measurements and the probability densities are 
shown in Fig. 6 (a, b). In this case the use of an external Schmitt trigger does not improve the relative 
error (Table 2). There is a small error increase (from 0.000127 to 0.000159 %), but in neither cases does 
the relative error does exceed the programmable relative error of δ = 0.0005 %. For the sine waveform 
signal, at five equidistant classes (Fig. 6a) and a probability P = 97 %, according to the χ2 –Test,  
S < χ2

max, where S = 3.6821 is the sum of deviations between the dataset and the assumed distribution; 
χ2

max = 7.0 is the maximum possible deviation in the χ2 distribution. Hence, the hypothesis of Gaussian 
(normal) distribution can be accepted. In a case in which a Schmitt trigger is used (Fig. 6b), at five 
equidistant classes and the same probability P = 97 %, according to the χ2 test, S < χ2

max, where  
S = 4.2002 is the sum of deviations between the dataset and the assumed distribution; χ2

max = 7.0 is the 
maximum possible argument of the χ2 distribution. Hence, the hypothesis of Gaussian distribution can 
be also accepted in this case. 
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Fig. 6. Experimental results of direct period measurement for sine waveform signal and its probability density (a); 
experimental results and probability density with the use of an external Schmitt trigger circuit (b). 
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The experimental results for exponential rise waveform signal period measurements and the probability 
densities are shown in Fig. 7 (a, b). The similar signal waveform is often used in resistance, capacitance 
and resistive bridge-to-time interval conversion at the direct sensor-to-microcontroller interfaces based 
on a charging or discharging capacitor. In case in which an external Schmitt trigger is used (Fig.7b) a 
small decrease in relative error is observed (Table 2). In this case at five equidistant classes and the 
probability P = 97 %, according to the χ2 test, S < χ2

max, where S = 1.9434 is the sum of deviations 
between the dataset and the assumed distribution; χ2

max = 7.0 is the maximum possible deviation of the 
χ2 distribution. Hence, the hypothesis of Gaussian distribution can be accepted. 
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Fig.7. Experimental results of direct period measurement for an exponential rise waveform signal and its 
probability density (a); experimental results and probability density with the use of an external Schmitt 

trigger circuit (b). 
 
 
The experimental results for exponential fall waveform signal period measurements and the probability 
densities are shown in Fig. 8 (a, b). The use of an external Schmitt trigger as a forming device does not 
give any relative error improvement (Table 2). 
 
In the case of the rectangular waveform signal, the relative error of period measurements is minimal in 
comparison with non-rectangular slow slew rate signals and less in 2/8.5 times (Table 2). Nevertheless 
the use of an external Schmitt trigger decreases the pulse rise time from 24.25 ns to 21.75 ns (Fig. 9), and 
the use of an external  Schmitt-trigger circuit in this case is not recommended (due to the increase in 
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relative error) because the level of internal noises (thermal noise, interference in the IC power supply, 
etc.) is greater than the microcontroller’s internal noises. Most significant deviations from the arithmetic 
mean in experimental period measurement results for square wave signals are determined by so-called 
program-related quantization effects, such as an interrupt response shift in time and interrupt response 
delay because the interrupt response time depends on the instructions executed by the microcontroller 
[6]. However, the total relative error does not exceed the programmable one. 
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Fig.8. Experimental results of direct period measurement for an exponential fall waveform signal (a); 
experimental results with the use of an external Schmitt trigger circuit (b). 

 
 
These experimental results were compared with those obtained in [3, 8-10] for a 100 Hz triangular signal 
when measuring the period using the indirect counting method. From the counting results of 10 003 µs 
and 10 006 µs reported in [3, 9, 10] and 10 003 µs and 10 004 µs reported in [8], the maximum 
quantization errors were (0.03 ÷ 0.06) % and (0.03 ÷ 0.04) % respectively. When measuring the same 
frequency and waveform but applying the modified method of dependent counting implemented with 
the ATmega168-20PI microcontroller, the maximum relative error was below 0.000262 % (Table 2). In 
the case of a 100 Hz square wave signal, the relative error reported in [8] was (0.01 ÷ 0.03) % in 
comparison with the maximum relative error obtained in described experiments which did not exceed 
±0.000031 % (Table 2). 
 
With regard to the conversion speed, for a 0.016 % relative error, neither of the two methods exceeds one 
period Tx. Of course, increased accuracy in the case of the modified method of the dependent count will 
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require increasing conversion time, but, in any case, this time will be non-redundant for the proposed 
modified method. The reference frequency increase of up to f0 = 20 MHz will significantly reduce the 
conversion time in the proposed modified method of the dependent count performed with the 
ATmega168-20PI microcontroller. So, for the relative error δ = 0.0005 % the conversion time will not 
exceed one period Tx = 0.01 s, which corresponds to the 100 Hz input signal. 
 
 

 
 

Fig. 9. Rectangular pulse wave front without a Schmitt trigger circuit (1) and with a Schmitt trigger circuit (2). 
  

 
Even though the relative error can also be reduced slightly by using an external Schmitt trigger, it is not 
expedient to use this device at a programmable relative error ≥ δ = 0.0005 %, because, as is evident from 
the Table 2, for any investigated signals the relative error without the Schmitt trigger does not exceed the 
programmable relative error of δ = 0.0005 %. If the modified method of the dependent count described 
in this article is used, it is also not necessary to use other uncertainty reduction techniques, such as sleep 
and capture modes for a microcontroller, which are described in [8, 9]. 
 
Numerous experiments with the microcontroller-based period measuring systems for rectangular and 
slow slew rate signals of different waveforms based on the proposed advanced method for frequency 
(period) and the common ATmega168-20PI microcontroller have also confirmed the high measurement 
performance of this approach in all frequency ranges possible for this type of microcontroller. Thus, 
precision frequency (period) measurements with a relative error that does not exceed ±0.0005 % 
programmable error are possible for the frequency range from 0.03 Hz to 7.5 MHz with the 
ATmega8-16PI microcontroller and 0.05 Hz to 9.1 MHz with the ATmega168-20PI microcontroller. 
Experimental results of frequency measurements of rectangular waveform pulses at the limits of the 
measuring range of the ATmega168-20PI microcontroller are shown in Fig.10 (a, b). Absolute and 
relative errors for measurements of a minimum possible frequency 0.05 Hz are shown in Fig. 11 (a, b) 
respectively. Thus, the relative error for high 9 MHz frequency does not exceed 0.00043 % and relative 
error for infra-low 0.05 Hz frequency does not exceed 0.00009 %. 
 
 
5. Conclusions 
 
The modified method of the dependent count for frequency-time measurements and the indirect 
counting method for period measurement can be easily implemented by common one-chip 
microcontrollers. For signals with non-square waveforms, conversion errors due to internal and external 
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trigger noise predominate, particularly in the low frequency range (slow slew rate). Program-related 
quantization effects yield errors even for relatively fast input signals. 
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Fig. 10. Experimental results of 0.05 Hz frequency measurements (a); experimental results for 9 MHz frequency 
measurements (b). 

 
 
For period measurements of rectangular as well as slow slew rate signals (triangular, sine, exponential 
rise and exponential fall), the modified method of the  dependent count  increases the accuracy by 2- to 
3-orders as compared to the classical indirect counting method because that method is related to 
frequency measurement rather than period or single time interval measurements (see time diagrams in 
Fig. 2). Therefore, components of error, such as trigger uncertainty (Fig. 1) due to internal noise, are 
either excluded or substantially reduced. 
 
Period measurement is suitable for low frequency measurements due to its non-redundant conversion 
time. The modified method of the dependent count  also has a non-redundant conversion time and for a 
conversion error ≥ 0.0005 % at reference frequency f0 = 20 MHz, its conversion time is the same as for 
the indirect conversion method: a single period Tx. 
 
For the type of microcontroller used in the experiments described here, the ATmega168-20 PI, precision 
frequency (period) measurements are possible for the frequency range from 0.03 Hz to  
9.1 MHz, with a relative error that does not exceed ±0.0005 %. 
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Fig.11. Absolute (a) and relative (b) errors of measurement for 0.05 Hz (0.049999617 Hz) frequency 
measurements. 

 
 
Acknowledgements 
 
This research was supported by the European Commission, though the Marie Curie Chair (EXC) project 
MEXT-CT-2005-023991 SMARTSES. 
 
 
References 
 
[1] R. Pallàs-Areny, J.G. Webster, Sensors and Signal Conditioning, 2nd ed., John Wiley & Sons, New York, 

USA, 2001. 
[2] M.A. Atmanand, V. Jagadeesh Kumar, and Vempati G. K. Murti, A Microcontroller-Based Quasi-Balanced 

Bridge for the Measurement of L, G and R, IEEE Transactions on Instrumentation and Measurement,  
Vol. 45, No. 3, June 1996, pp.757-761. 

[3] F. Reverter, J. Jordana, R. Pall`as-Areny, Program-Dependent Uncertainty in Period-to-Code Converters 
Based on Counters Embedded in Microcontrollers, in Proceedings of the 20th IEEE Instrumentation and 
Measurement Technology Conference (IMTC´ 03), Vail, Colorado, USA, 20-22 May 2003, Vol.2, 
pp.977-980. 

[4] F. Reverter, O. Casas, J. Jordana, R. Pallàs-Areny, Trigger Uncertainty in Period-to-Code Converters Based 
on Counters Embedded in Microcontrollers, Sensors and Actuators A, Vol. 110, 2004, pp.439-446. 



Sensors & Transducers Journal, Vol. 107, Issue 8, August 2009, pp. 1-16 

 16

[5] F. Reverter, M. Gasulla, R. Pallàs-Areny, Analysis of Interference Rejection in Period-to-Code Converters, 
in Proceedings of the 21st IEEE Instrumentation and Measurement Technology Conference (IMTC 2004), 
Como, Italy, 18-20 May 2004, pp.839-842. 

[6]  N. V. Kirianaki, S. Y. Yurish, N. O. Shpak, V. P. Deynega, Data Acquisition and Signal Processing for Smart 
Sensors, John Wiley & Sons, Chichester, UK, 2002. 

[7] N. V. Kirianaki., S. Y. Yurish, N. O. Shpak, Methods of Dependent Count for Frequency Measurements, 
Measurement , 29, (1), 2001, pp. 31-50. 

[8] F. Reverter, R. Pallàs-Areny, Uncertainty Reduction Techniques in Microcontroller-based Time 
Measurement, Sensors and Actuators A, Vol. 127, 2006, pp.74-79. 

[9]. F. Reverter, R. Pallàs-Areny, Direct Sensor-to-Microcontroller Interface Circuits. Design and 
Characterization, Marcombo S. A., Barcelona, Spain, 2005. 

[10] F. Reverter, Microcontroller-Based Interfaces for Quasi-Digital Sensors, PhD Thesis, Universitat Politecnica 
de Catalunya (UPC-Barcelona), 2004. 

[11] http://www.sensorsportal.com/DOWNLOADS/Terminal.exe 
[12] P. V. Novitskii, I. A. Zograf, Measurement Errors Estimation, Energoatomizdat, Leningrad, 1991. 
 
 

___________________ 
 

 
2009 Copyright ©, International Frequency Sensor Association (IFSA). All rights reserved. 
(http://www.sensorsportal.com) 
 
 
 
 
 
 
 
 

 



  SSeennssoorrss  &&  TTrraannssdduucceerrss  JJoouurrnnaall  

  
  

GGuuiiddee  ffoorr  CCoonnttrriibbuuttoorrss  
  

 
 
Aims and Scope 
 
Sensors & Transducers Journal (ISSN 1726-5479) provides an advanced forum for the science and technology 
of physical, chemical sensors and biosensors. It publishes state-of-the-art reviews, regular research and 
application specific papers, short notes, letters to Editor and sensors related books reviews as well as 
academic, practical and commercial information of interest to its readership. Because it is an open access, peer 
review international journal, papers rapidly published in Sensors & Transducers Journal will receive a very high 
publicity. The journal is published monthly as twelve issues per annual by International Frequency Association 
(IFSA). In additional, some special sponsored and conference issues published annually. Sensors & 
Transducers Journal is indexed and abstracted very quickly by Chemical Abstracts, IndexCopernicus Journals 
Master List, Open J-Gate, Google Scholar, etc.    
 
 
Topics Covered 
 
Contributions are invited on all aspects of research, development and application of the science and technology 
of sensors, transducers and sensor instrumentations. Topics include, but are not restricted to: 
  
• Physical, chemical and biosensors; 
• Digital, frequency, period, duty-cycle, time interval, PWM, pulse number output sensors and transducers; 
• Theory, principles, effects, design, standardization and modeling; 
• Smart sensors and systems; 
• Sensor instrumentation; 
• Virtual instruments; 
• Sensors interfaces, buses and networks; 
• Signal processing; 
• Frequency (period, duty-cycle)-to-digital converters, ADC; 
• Technologies and materials; 
• Nanosensors; 
• Microsystems; 
• Applications. 
 
 
Submission of papers 
 
Articles should be written in English. Authors are invited to submit by e-mail editor@sensorsportal.com 8-14 
pages article (including abstract, illustrations (color or grayscale), photos and references) in both: MS Word 
(doc) and Acrobat (pdf) formats. Detailed preparation instructions, paper example and template of manuscript 
are available from the journal’s webpage: http://www.sensorsportal.com/HTML/DIGEST/Submition.htm Authors 
must follow the instructions strictly when submitting their manuscripts.  
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