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Accuracy calculation and measurement

HRIZIEC 61298-2/Ed.2
Bz S AANIERI BB AN EERT €T A

According to IEC 61298-2/Ed.2 General performance evaluation
method for process measurement and control devices.
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What is Precision/Accuracy?

Calculation Methods and Significance of Accuracy

Many customers frequently ask how accuracy is calculated and what instrument precision represents.
Our engineers will explain the concept of precision in detail. Under normal operating conditions, the degree of error |
instrument's measurement results is called accuracy.

The smaller the error, the higher the accuracy of the instrument. Error is related to the instrument's measuring
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» Generally, accuracy can be expressed in two ways: absolute error and relative error. Their mathematical

definitions are as follows:
Absolute error: The value is measured in units of error measurement.

Relative error: The value is expressed as a percentage of error.
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» Accuracy, also a statistical concept, refers to the "central tendency"” of the distribution of data from multiple

independent experiments. Generally, a small difference between multiple measurements indicates high accuracy;
conversely, a large difference between multiple measurements indicates that the series of experiments is not accurate
enough, i.e., low precision.
» In quantitative analysis, the average of all measurements is often used as the accurate value. However, this makes4
impossible to calculate accuracy, as systematic errors are ignored. Therefore, it is necessary to establish a refe
standard with repeated measurements and good reproducibility. Currently commonly used standard valu

established by institutions such as the National Institute of Standards and Technology (NIST).
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What is systematic error?
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Systematic error, also known as regular error, refers to the error that, under certain measurement conditions, maintains its ma
and sign (positive or negative) when the same dimension is measured repeatedly, or that changes according to a certain regula
when conditions change.
Systematic error is the difference between the average result of many repeated measurements of the same measurand a
value of the measurand. Generally, imperfections in the measurement process can cause errors in the measurement r
which come from systematic errors and others from random errors. Random errors are assumed to originate from
influences or random temporal and spatial variations in those influences. Like random errors, systematic error

9
but they can usually be reduced if the systematic error stems from the identifiable effect of the influence o
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»  Absolute error: The absolute magnitude of the deviation of the measured value from the true value; therefore, its unit is the same as the
measured value.
»  Relative error: The ratio of the absolute error to the true value; therefore, it is a percentage. The relative error equals the absolute value
difference between the measured value and the true value, divided by the true value, and then multiplied by 100%.
»  Systematic error: Caused by inherent factors (such as defects in the measurement method), theoretically always achievable throu
For example, the two arms of a balance should be of equal length, but they cannot be perfectly equal; weights of the same m
be identical, but they cannot be identical.
» Random error: Errors that are mutually compensating due to small random fluctuations in a series of related factors d

process (also called accidental error or uncertain error).
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Random error
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Random error, also known as accidental error or indeterminate error, is an error that compensates for each other due to small random fluct
series of related factors during the measurement process.
Characteristics: Its magnitude and direction are not fixed, and it cannot be measured or corrected. The property of random error is that as the
measurements increases, positive and negative errors can compensate for each other, and the average error will gradually tend towards z
Causes: There are many causes of random error. For example, the influence of temperature, humidity, and dust during the measurement
cause data fluctuations. Another example is that when reading burette data, the estimated value of the second decimal place may diff
readings. This type of error cannot be completely avoided in operation.
The magnitude and sign of random error are not constant in the same laboratory, and it is difficult to find the exact cause; ther,

indeterminate error.
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Precision calculation
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Precision error

Linearity error
Hysteresis error
Repeatability error
Temperature error
Thermal zero point error
Thermal sensitivity error
Systematic error
Adjustment error
Display error

Standard part uncertainty error
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Precision specifications are as follows

linearity error : < £0.3% of span
hysteresis error : < £0.1% of span

repeatability error ;< £0.1% of span

thermal zero point error : < 0.1% of span/°C
thermal sensitivity error : < 0.1% of span/°C
Factory adjustment error : < £0.15% of span

(Zero and span)

Long term stability : < £0.1% of span / year
Display error : < 0.1% of span
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Linearity error: The deviation between the measured curve and the ideal straight line.
Accuracy: Determined by the basic error limit of the sensor and the limit of changes caused by
influencing factors such as temperature changes, humidity changes, power fluctuations,

frequency changes, etc.
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Hysteresis error
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Definition: Under the same working conditions, the maximum error between the values of the upward and

downward curves.
When a measuring instrument performs forward and reverse measurements on the same dimension, due to

structural reasons, its indicated values cannot be the same. This error is called hysteresis error.
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Repeatability error
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Definition: The error between the output values obtained from multiple consecutive measurements of the same input

value within a short period of time, under the same operating conditions.
The random error obtained from multiple consecutive measurements of the same input value from the same direction

within the entire measurement range and under the same operating conditions.
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Signal conditioning circuit BFSL Accuracy
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Signal conditioning circuit BFSL Accuracy
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Errors caused by changes in ambient or medium temperature are usually systematic errors that can be

established and corrected.
Temperature errors are divided into two different types: thermal zero-point drift and thermal sensitivity drift.
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Thermal Zero Drift

Ambient temperature changes the output signal's
deviation from zero. When the input signal is zero, the
output signal deviates from zero by a certain value. This
is also known as zero drift (TC). This error can be
eliminated using electronic compensation. All measured

values can be converted and corrected accordingly.

23
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Thermal Sensitivity Drift

Changes in ambient temperature and the
temperature of the sensor or its internal
components can cause sensitivity drift (TS),
meaning that the results measured at different

temperatures will show the same relative change.
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Maximum error (precision)
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Currently, our instrument testing errors are basically categorized as follows: display error, hysteresis
error, linearity error, repeatability measurement error, stability error, equipment system error, and
errors caused by environmental temperature fluctuations.

However, our products use linear accuracy as the object of study and a key element in quality

specification. It is also the benchmark used for measurement during the testing process.
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Static error band (precision)
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Static error band (precision)

In fact, static error refers to the slow drift of the

measurement result (or output value) when the measured Output

value (or input value) of a measuring device does not S —

change over time. This type of error is called static error, or .,/"

simply static error. Static error means that the amplitude P 7 P

and direction of the error are constant. i R

Example: Calculation of the static error band of a sensor: P g . ad

Linearity £0.5% FS / Hysteresis error + Repeatability error /.-/. /.-/.\

+0.1% FS / Temperature error £0.4% FS (zero and span). e e > Static error band
-

ie.: Static error band =£v/0.5> +0.12+0.4> =++/0.42 = + 0.64% Input
linear error = +/0.52 =+ 0.50%
Maximum possible error = + 1% 27
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THANK YOU

YUDEN-TECH CO., LTD. ( eyc-tech)

www.eyc-tech.com

info@eyc-tech.com
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