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Introduction

Errors are a property of the measurement
• Repeatability
• Hysteresis
• Linearity
• Sensitivity
• Zero shift etc..

Uncertainty analysis is the process of identifying, quantifying and combining the errors.

Measurement errors can be grouped into two categories – Random & Systematic errors
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Stages in Uncertainty Analysis

There are different stages in an uncertainty analysis:
• Design stage 
• Single measurement
• Multiple measurement

Design Stage Uncertainty Analysis: Initial analysis performed prior to measurement. This 
uncertainty is based on the resolution of the instrument to be used assuming that all other 
sources of error are zero. This is called zero-order uncertainty (u0).
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Error Sources

Design Stage Uncertainty Analysis provides information and assess methodology for
instrument selection but cannot provide the sources of error that influence a measurement.

So, what are the sources of error that we need to know to carry out an uncertainty analysis?

• Calibration Errors: Errors that enter the measurement system during calibration

• Data Acquisition Errors: Errors that include sensor and instrument errors, uncontrolled
variables such as changes in operating conditions, installation effects and measured variable
spatio-temporal variations.

• Data Reduction Errors: Basically these are the errors due to curve-fits and correlations

Once we know the sources of error, how do we quantify these errors?

Measurement error = Systematic (Bias) + Random (precision) Error
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Systematic and Random Error

Systematic error
If you ask the person who sells fish at your favorite market to weight a piece of fish
several times for you, and he puts his thumb on the scale in a way that makes the fish seem
2 ounces heavier than it is, that’s bias- a systematic tendency to over or underestimate the
true value. Notice that systematic error doesn’t move around from observation to
observation- that’s what makes it systematic.

Random Error
They have no patterns or trends and their average is close to zero. Weigh your fish several
times using different weights, you will get different answers because of the random errors.
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Error Propagation

Task: Estimate the filling
time of a water tank using
a hose of a given diameter

Need to know the
discharge rate from the
hose to estimate the
filling time

Measure the time required
to fill up a bucket of
known volume.

Measure time

Calculate hose 
discharge rate

Measure bucket volume

Measure tank 
volume

Estimate 
filling time

Error Propagation
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Propagation of Uncertainty to a Result
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