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Abstract: This paper is an engineer-to-engineer note, to show a problematic point of long time DC 

measurements and show tips how to achieve higher accuracy there.. At long time measurements, 

rounding errors can seriously influence the output value. The problem is not just theoretical; our 

investigation is started because of a malfunctioning dilatation sensor system used at industrial 

turbines. We tried to determine the size of the error and reduce that with simple methods. In the 

followings, we will present the results. 
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1 Introduction 

Several applications require the knowledge 

of DC level in an input signal. Practical 

examples are measurement sensor signals. Most 

sensors provide slowly changing signals that can 

be treated during sort time terms as a constant 

signal (e.g. pressure sensors, dilatation sensors, 

temperature sensors etc.) Usually these sensors 

are located in a harsh industrial environment and 

the input signal is contaminated by noise.  

The environmental noise usually can be 

modeled as additive noise. To reduce the 

influence of additive noise, some filtering is 

necessary. Several solutions are possible, like 

sliding average, exponential average, recursive 

average, using IIR or FIR filters etc. However, 

all solutions have a common point: they have to 

add a small input number to an internal variable 

that can contain a high, cumulated value. Let us 

see this on one of the easiest solutions, sliding 

average:  
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In the case of sliding average, the 

problematic point is the sum of values. We add 

the next   value to an accumulator register that 

contains the value of previous sums. At the 

latest samples we can have a strong rounding 

error, when we have already a high value in the 

accumulator and the input value is already small 

compared to it. At the addition, the last digits of   

will be rounded or truncated, depending on the 

calculation method (when the ratio of the input 

and the cumulated value exceeds the double of 

the reciprocal of resolution, all digits of the 

input will be definitely truncated). This 

rounding/truncation error causes a bias in the 

output. The output will be smaller or higher than 

the expected value. The bias level of the output 

is influenced by the ratio of the two numbers 

and the resolution of number representation.  

Although, this error seems to be negligibly 

small, there are practical examples, when it can 

be unacceptably high. Our observations on a 

dilatation sensor measurement system show that 

the bias can be decades higher than the reduced 

noise level. At our dilatation sensor, we had to 

use 100 kHz sampling frequency and 10 

seconds long average. Although, the influence 

of noise reduced to the 5th digit, the bias 

appeared in the third digit. That was 



  

unacceptable. 

In the followings we will show the 

simulation of the bias. Then we will show 

methods that can reduce the size of bias. 

Chapter 4 will conclude the results. 

 2 Simulation of bias 

To ensure the exact reason of DC sensor 

malfunctioning, we performed DC calculation 

simulations in MATLAB by using single 

precision calculations. The measurements were 

checked by simulations, which were performed 

on a simple average calculation by single 

precision floating point numbers (eq. 1.). 

Simulations were performed by N= 1e3, N=1e4, 

N=1e5 and N=1e6 amount of input samples. At 

the first simulation the value of the input 

samples was constant. We compared the relative 

deviance from the theoretical value according 

from the input value: 
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The results depending from the input value 

and N can be seen in Fig. 1. The highest 

observed deviations at different N values can be 

seen in the following table: 

Table 1. Table title (9pt) 

N relative dev 

1e3 2.68e-005 

1e4 1.56e-004 

1e5 0.0015 

1e6 0.0149 

 

We can see that the error increase is almost 

linearly proportional to N, and in case of N = 

1e6 can reach already the second useful digit. 

Since the input samples in the real world are 

contaminated by noise, we performed 

simulations by adding Gaussian white-noise to 

the input samples. Fig. 2 shows the relative 

variance in the case of N=1e6 and noise 

deviance of 0, 0.01, 0.1, 1.0 (-Inf, -40, -20, 0 dB 

signal-to-noise ratio). 

We can see that relation between noise deviance 

and relative error is non-linear: the relative error 

slightly decreases as noise deviance increases, 

except at -20 dB SNR, when it suddenly 

dropped down. However at 0 dB SNR, the error 

appeared again in the third digit. It means that 

the error strongly appears at noisy signals as 

well. 

 3 Methods to reduce bias 

A popularly used method to eliminate the 

effects of quantization errors is dithering: the 

original signal is "contaminated" by some 

additional noise. With a filtering mechanism, 

the final resolution becomes better than the 

original quantization step [1].  

According to the results of simulations, this 

method is not proposed here: the DC bias is still 

very high, even, if the noise level is 0 dB 

compared to the original signal. This would lead 

to increased measurement inaccuracy because of 

the added noise and the bias still would remain. 

Another possibility to use the recursive average 

formula: 
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Simulations show that this formula has 

extreme accuracy. At N=1e6, and noiseless 

samples, the output error was 0. At noisy input 

signals with 20 dB SNR, the highest deviance of 

the formula is 1.19e-5 (Fig 4.). This is more 

than three decades better than at the original 

average. 

Disadvantage of the formula is the two divisions 

at every calculation step that has high 

computational demand on embedded systems. 

Another problem of the algorithm could be that 

the latest incoming samples can have less 

weight in the final result due to the rounding 

errors. 

The third method is the multi-step 

averaging: 
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M and L must be chosen so, that M*L=N and M 

and L proposed to be close to each other. 

 



 

  

 

 

 

Fig.1: Relative error of single precision averaging in the function of constant input values, x, and number 

of values, N. 

 

Fig.2: Relative error of single precision averaging in the case of noise added input samples, x, and 

different noise deviations, dev. 

 

Fig.3: Relative error of recursive averaging (thick line) and multi-step averaging (thin, dotted line) in 

case of noiseless input samples (note y scale change, if you compare with previous graphs). 



  

 

Fig.4: Relative error of recursive averaging (thick line) and multi-step averaging (thin, dotted line) in 

case of noisy input samples (20 dB SNR). 

 

This solution has almost the same calculation 

demand, as the original average: the number of 

additions is the same, multiplication with one 

constant is the same, and the two loops can be 

done by hardware in most embedded systems. 

The efficiency of this method can be seen in Fig 

3 and 4. The highest deviance in the simulation 

with noiseless, constant input samples was 

4.01e-5. By using noisy input samples with 20 

dB SNR, the error reduced to  that is almost the 

same as at recursive averaging. 

 4 Conclusions 

This paper examined the DC bias appeared at 

long time average calculations and caused by 

rounding errors. Measurements on a real 

dilatation sensor and MATLAB simulations 

shown that at long time averages (averaging 

1e5, 1e6 or more samples) the error can be 

significant at traditional average, and the error 

can appear in the third or second digit of the 

output value. Noise on the input samples has 

little effect on the reduction of this error. 

The bias can be efficiently reduced by changing 

the averaging technique to recursive average or 

multi-step average. Multi-step average can have 

a bit worse error reduction efficiency on 

constant input samples, but simulations show 

that it has the same efficiency in the case of real, 

noisy samples, as recursive average.  

Recursive average can have less weight on the 

latest samples in the average calculation because 

of the rounding error, and it requires more run-

time because of the additional divisions in the 

formula. Multi-step average method has almost 

the same calculation demand as the original 

average, therefore multi-step average method is 

proposed for elimination of the problem. 

The proposed method is already implemented in 

the sensor and performs well. Measurements 

show that after the modification, the bias level 

dropped under the output noise level. 
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