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Reference Texts

• Theory and Design for Mechanical 
Measurements, Richard S. Figliola, Wiley
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Measurement methods

• Introduction
• Relationship between real value and the value 

actually measured?

• General Measurement System
• Experimental Test Plan
• Calibration
• Standards
• Presenting Data
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General Measurement System

• Sensor-transducer stage
• Convert the sensed information into a detectable 

signal

• Signal conditioning stage
• Modifies to a desired magnitude

• Output stage
• Indicates or records the value measure

• Feedback control stage
• Interprets the measured signal and make a 

decision regarding the control process
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General Measurement System
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Measurement System
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Experimental Test Plan

• Parameter Design Plan
– Test objective and identification of process 

variables and parameters
• System and Tolerance Design Plan

– Selected of measurement technique, 
equipment and test procedure

• Data Reduction Design Plan
– Analyze, present and use the anticipated 

datas
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Experimental Test Plan
• Variable

– Independent variable: A variable that can be changed independently of 
other variables

– Dependent variable: A variable  that is affected by changes in one or 
more other variables

– Extraneous variable: Variables that  cannot be controlled during 
measurement, but that affect the value of the variable measured

• Parameters
– Control parameter: A parameter that has an affect on the behavior of 

the measured varible
• Noise is random variation of the value of the measured signal as a 

consequence of the variation of extraneous variable
• Interference imposes undesirable deterministic trends on the 

measured value



9

Variables
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Noise and Interference
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Experimental Test Plan

• Random Tests
• Replication and Repetition
• Concomitant Methods
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Pressure Calibration System
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Calibration

• Static Calibration
• Dynamic Calibration
• Static Sensitivity
• Range
• Resolution
• Accuracy and Error
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Static Calibration
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Accuracy and Error

16

Precision, Accuracy and Discrepancy
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Precision and Accuracy 
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Calibration

• Random and systematic errors and 
Uncertainty

• Sequential test
• Random Test
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Random and systematic errors
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Sensor Data
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Calibration: Error

• Hysteresis Error
• Linearity Error
• Sensitivity Error
• Zero shift Error
• Repeatability Error
• Overall Instrument Error
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Hysteresis and Linearity Errors
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Sensitivity and Null Errors
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Repeatability Error
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Sources of Error in Measurements

• Natural errors
• Instrument errors
• Personal errors
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Types of Errors
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Standards

• Dimension
– define a physical variable that is used to 

describe some aspect physical system
• Unit

– define a quantitative measure of dimension

Its indicated value is compared directly with a
reference value
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Standards

• Primary Standard
• Transfer Standard
• Local Standard
• Working Standard

The National Institute of Standards and Technology (NIST)
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Hierarchy of Standards
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Hierarchy of Standards:Temperature
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Standards

• Base Dimensions and their Units
– Mass
– Time and frequency
– Length
– Temperature
– Current
– Measure of Substance
– Luminous Intensity
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Standards

• Derived Units
– Force
– Energy
– Power
– Electrical Dimensions
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Dimensions and Units
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Standards: Time and frequency

One second is define as the time elapsed during
9,192,631,770 periods of the radiation emitted 
between two excitation levels of the fundamental 
state of cesium-133 

s 1
rad 2

second
cycle 1Hz 1 π

==
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Standards: Length

One meter is defined exactly as the length traveled 
by light in 1/299,792,458 of a second
(velocity of light 299,792,458 m/s)

m 0254.0in 1
m 3048.0ft 1

=
=
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Voltmeter Calibration Data (Sequential Test)

10.021010.0310

9.0599.019

8.1287.978

7.1176.997

6.12666

5.254.985

4.1243.924

3.0332.983

2.1521.982

1.2310.971

0.5000

y(mV)x (mV)y(mV)x (mV)
DownscaleUpscale
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Voltmeter Calibration Data (Random Test)

-0.310.0310

-1.333339.129

0.3757.978

-1.142867.087

066

0.44.985

-2.54.14

0.6666672.983

-2.52.052

30.971

000

%Errory(mV)x (mV)
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Voltmeter Calibration Data (Random Test)

0.78320.0392Sx

2.84.86mean

3.40004.83510

1.80004.9159

2.60004.8758

2.80004.8657

1.60004.9256

3.40004.8355

3.60004.8254

2.00004.953

3.80004.8152

3.00004.8551

%Errory(mV)x (mV)No.


