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Abstract − A new solution of the smart resistance sen-
sor basing on a microcontroller, for which the resistance 
sensor is a component of an anti-aliasing filter of an ADC is 
proposed. The temperature measurement procedure bases on 
stimulation of the filter by square impulses and on sampling 
the time response of the filter, and next on decoding the 
measurement voltage result to the temperature value. All 
steps of the measurement procedure are realized by the micro-
controller and its internal devices (timers and an ADC). 
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1.  INTRODUCTION 
 
Nowadays, more and more sensors are produced as 

smart sensors in one chip controlled via digital inter-
faces (SPI, I2C or 1-Wire). But, e.g. many temperature 
sensors cannot be made in this technology, what fol-
lows from the limited range of operating temperature 
of the chip. Hence, resistance sensors (e.g. the Pt100) 
or thermocouples are still used. 

In typical measurement applications of resistance 
sensors, the resistance is measured based on resistance 
bridges and high resolution Σ-Δ ADCs [1] or based on 
circuits in which the sensor is stimulated by a DC 
current source and the voltage on the sensor is ampli-
fied, filtered and next measured by an ADC [2]. These 
applications are complex and they are not very suit-
able for simple measurement systems with a battery 
power supply often working as endpoints in sensor 
wireless networks (e.g. based on the ZigBee protocol). 

Obviously, there are solutions for which resistive 
sensors [3,4], differential resistive sensors [5] and 
resistive sensors bridges [6,7] are directly connected 
to a microcontroller without any intermediate active 
components. Such a direct interface circuit relies on 
measuring the discharging time of a RC network that 
includes the resistances of the sensor. But, in these 
cases the resistance measurement is burdened with  
big uncertainly, which follows from parameters of the 
microcontroller pin and influence of disturbances, 
because the measurement circuit is not equipped with 
an anti-aliasing filter. 

Therefore, a new measurement interface basing on 
the microcontroller for resistance sensors is proposed 
in the paper. This interface together with the sensor 
forms a compact smart resistance sensor. 

2. THE SMART RESISTANCE SENSOR 
 
2.1. The architecture of the sensor 

The proposed smart sensor is a very simple meas-
urement system for resistance sensors (Fig. 1). The 
main idea of this approach is the fact that the sensor is  
part of the anti-aliasing filter of the ADC. 

 
Fig. 1. A compact smart resistance sensor controlled by  

the microcontroller 
 
The microcontroller controls the whole measure-

ment system. Its internal 8-bit timer controls the dura-
tion time of two square impulses which stimulate the 
2nd-order low band-pass Sallen-Key filter with the 
gain equal to 3 (Fig. 1). The stimulation signal is gen-
erated on the OC0 pin. It passes through the inverter 
built from an IRF7105PBF (Fig. 2). In this way we 
eliminate the influence of electrical parameters (espe-
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cially the output pin variable impedance) of the OC0 
output pin on the stimulation signal. The IRF7105 
consists of two HEXFET power MOSFETs, the first 
one with a N-channel and the second one with a P-
channel [8]. Additionally, it has small values of static 
drain-to-source on-resistances (0.1 Ω and 0.25 Ω for 
N-channel and P-channel transistors respectively) and 
big values of continuous drain currents (3.5 A and –
2.3 A adequately). 

 
Fig. 2. The inverter basing on the IRF7105 introduced  

between the OC0 output of the microcontroller  
and the sensor 

 
As an example of the resistance sensor the Pt100 

sensor is used, marked as R1. Hence, nominal values 
of the ant-aliasing filter are the following: 
R1 (Pt100) = 110 Ω, R2 = 110 Ω, R3 = 20 kΩ, 
R4 = 10 Ω, C1 = 1,022 μF, C2 = 2,038 μF. It is as-
sumed that the nominal value of R1 is equal to 110 Ω, 
what corresponds to about 26oC (according to PN-EN 
60751+A2), and its values change from 0.2 to 4 ? of 
its nominal value (what corresponds to temperatures 
from about –192 oC to 850 oC). 

 
2.2. The measurement procedure 

The temperature measurement procedure consists 
of a measurement step in which the filter with the 
sensor is stimulated and two voltage values V1 and V2 
of the time response are measured, and a determina-
tion step in which the temperature is determined bas-
ing on these results. 

As shown in Fig. 3, the time response of the ant-
aliasing filter for the first square impulse is sampled 
by the internal 10-bit ADC at moment t1 (the V1 sam-
ple) and the second one at moment t2 (the V2 sample) 
established by the 16-bit timer. 

 

 
Fig. 3. Square stimulation impulses and time responses  
of the 2nd-order low band-pass Sallen-Key filter (with  

the gain equal to 3) at its output 

The samples V1 and V2 are treated as coordinates 
of the measurement point. Hence, temperature deter-
mination bases on placing this point into the meas-
urement space with the identification curve of compo-
nent R1 (Pt100) scaled with the temperature values 
(Fig. 4). That is, the position of this point on the curve 
directly points to the temperature value. 

 

 
Fig. 4.  The identification curve of component R1 (Pt100) in 

the measurement space scaled in temperature values 
 
The curve is a graphical illustration of the diction-

ary containing the conversion table consisting of the 
following set: {(V1

j, V2
j) s Tj}j = 1, 2,..,J, where J is the 

number of discrete values of temperature in the as-
sumed range of its changes. The curve was generated 
in the pre-testing stage according to the rules de-
scribed in [9,10]. Hence, it illustrates the behaviour of 
the filter following from changes of R1 component 
values. The range of resistance value changes was set 
and the curve scaling in the temperature values was 
made according to PN-EN 60751+A2. This solution 
allows to simplify calculations made by the microcon-
troller. 

 
2.3. Assignment of parameters of the stimulation 

signal and response signal 

Location and shape of the curve, that is its optimal 
scaling allowing to permit the best reading of the 
temperature, exclusively depend on the duration time 
of the impulses td, the number of the impulses K, mo-
ments t1, t2 … tK of voltage samples of the response 
signal, and the gain A of the filter. So it is very impor-
tant to determine these parameters. 

The duration time of the square impulse is as-
signed in two steps in the same way as described in 
[9]. In the first step, this time is set to a value td = 1/fc, 
where fc is the cut-off frequency of the filter. In the 
second step we fix the maximum value of the output 
signal Vout=ξ⋅Vin for nominal values of elements of the 
circuit, where coefficient ξ ∈ < 0, 1 >. Next we fit the 
duration time td in a simulated way to obtain a given 
maximum value Vout of the output signal. 

It is known [11] that the number K of measured 
parameters of the filter needed for correct value identi-
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fication of one component, that is the size of the 
measurement space K, should be at least equal to 2. 

Obviously, an increase of the number K leads to an 
improvement of the identification resolution. It fol-
lows from the fact that enlargement of the size of the 
measurement space implies increasing the distances 
between scale points of the identification curve [12]. 
An increase of the identification resolution is more 
effective for small K, because as proved in [10]: if K 
s ∞, tk+1 – tk s 0  and  Vk+1 – Vk s 0. We also should 
remember that the size of the dictionary linearly depends 
on  K. 

Taking the above considerations into account the 
number K should not be big, e.g. K = 2, .., 4 is sug-
gested. This number is obviously dependent on the 
topology of the chosen filter. It should be small, but 
enabling the reading of the temperature with the re-
quired resolution. 

 

 
Fig. 5.  Charts of voltage measurement resolution for a 10-

bit ADC of the microcontroller for given temperature  
resolutions and for K = 2 in function of  

the measurement temperature  
 

 
Fig. 5 shows the charts of voltage measurement 

resolution for a 10-bit ADC of the microcontroller for 
given temperature resolutions and for K = 2 in func-
tion of the measurement temperature. It is seen that for 
the 10-bit resolution of voltage measurement we can 
determine temperature ranges with given temperature 
reading resolution ΔT. It follows from the fact that 
there are temperatures for which a change of the resis-
tance value of the Pt100 following from the change of 
the temperature values with a given ΔT step gives the 
change of the V1 and V2 values below the 10-bit ADC 
resolution (less than 1 LSB). 

Similar investigations were made for the 10-bit 
ADC and K = 3 and also for the 12-bit ADC (K = 2, 
K = 3). All results are collected in Table 1. It is seen 
that increasing  the number K extends the temperature 
range for the given temperature resolution. However, 
if it is required, to measure with possibly the best 
temperature resolution in possibly the largest tempera-
ture range, we should use the external 12-bit ADC 

connected to the microcontroller. But, we should re-
member that this improvement considerably increases 
the costs. 

 
TABLE I.  Temperature ranges for assumed temperature 

resolution measurement for 10-bit and 12-bit ADCs (where: 
“full range” - -200 : 850) 

10-bit ADC  

temp. range [
o
C] 

12-bit ADC 

temp. range [
o
C] ΔT [

o
C]

K = 2 K = 3 K = 2 K = 3 
1 -200 : 160 -200 : 246 -200 : 535 -200 : 708 

2 -200 : 325 -200 : 458 full range full range 

3 -200 : 440 -200 : 597 full range full range 

4 -200 : 544 -200 :706 full range full range 

5 -200 : 685 -200 :815 full range full range 

 
The way of determination of moments of voltage 

samples depends on the number K of voltage samples. 
Hence, it is different e.g. for K = 2 and for K = 3. 

For K = 2 two moments t1 and t2 are determined 
based on criteria of the best identification resolution. 
It is similar to the criteria presented in [9]. Hence, the 
moment t1 is determined in the first step t1 ∈ (0,  td) – 
during the duration of the stimulation impulse, and the 
moment t2 in the second one t2 ∈ (td, tp), – in the time 
between subsequent impulses. 

To determine these moments, a coefficient λ   was 
introduced. It describes the difference between the 
maximum and minimum values of the voltage of the 
filter responses at moment tn for a defined range of 
changes of values of the R1 component: 
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where J – the number of values of the R1 component in 
the range from 0.2 to 4 of its nominal value. 

Thus we can define: 
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where N1, N2, – the number of samples for the time 
range (0,  td) and (0, tp) respectively. 

Hence, the solutions of (2) determine the two mo-
ments of voltage samples: 

 λmax1 s t1    and     λmax2 s t2        (3) 

For the filter from Fig. 1 the following moments of 
voltage samples t1 = 120 μs and t2 = 460 μs were de-
termined. For these moments, the identification curve 
of the R1 component on the plane V1, V2 is drawn in 
Fig. 4, and also in Fig. 6. 

The last parameter which has to be determined, is 
the gain A of the filter. The gain A should be on the 
level allowing the use of the full measurement range 
of the ADC, but for the full assumed temperature 
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measurement range the values of V1 and V2 should not 
exceed the range value of the ADC (1024 LSB). 

The identification curves for the R1 component for 
different A values are shown in Fig. 6. 

 

 
Fig. 6.  Identification curves of R1 component (Pt100) in the 

measurement space for different values of the gain A 
 
It is seen that the best fitting of the identification 

curve to the measurement space is for A = 3. For big-
ger values of A, V1 exceeds 1024 LSB, and for smaller 
ones the curves are so short, that is they characterize a 
too small temperature scale. 

 
3.  CONCLUSION 

 
A new solution of the smart resistance sensor bas-

ing on the microcontroller, for which the resistance 
sensor is a component of the anti-aliasing filter of the 
ADC is proposed. The architecture of the smart sen-
sor, the temperature measurement procedure and de-
termination of the sensor system parameters are in-
cluded in the paper. The proposed smart resistance 
sensor has the following advantages: 
• The circuit of the sensor is small and very simple 

what decreases costs and reduces the size of the 
system. 

• Stimulation signals are generated and measure-
ments are made only by internal devices of the 
microcontroller, which also can serve the function 
of a wireless communication controller. 

• For temperature measurement with 1oC resolution 
the 12-bit ADC, and even the 10-bit ADC is suf-
ficient (obviously, for a narrower temperature 
measurement range) what follows from e.g. mul-
tiple measurements made during the measurement 
procedure. 

• The duration time of the temperature measure-
ment procedure is short. Hence, the system can be 
activated only during this procedure, it can be in a 
sleep mode in the remaining time, what reduces  
the power consumption. Thanks to this, this solu-
tion is ideal for battery-power-supplied systems. 
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