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This Course This Course ……

•• Background and Theory on Engineering Background and Theory on Engineering 
MeasurementsMeasurements

•• Understand the principles and practice of Understand the principles and practice of 
designing of experimentsdesigning of experiments

•• Sensing, instrumentation, softwareSensing, instrumentation, software
•• Data acquisition, analysis, interpretationData acquisition, analysis, interpretation
•• Role of Statistics, Data manipulation, etc.Role of Statistics, Data manipulation, etc.

•• Lab Lab –– Design one or two experiments covering Design one or two experiments covering 
various aspects of the topics above.  Design will various aspects of the topics above.  Design will 
be based on a problem statement given to you.be based on a problem statement given to you.
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What is a Measurement ?What is a Measurement ?

•• MeasurementMeasurement: Comparison between a : Comparison between a standardstandard
and what we want to measure (the and what we want to measure (the measurandmeasurand))

•• What is the What is the standardstandard??
•• Width of a manWidth of a man’’s thumb = 1 inchs thumb = 1 inch
•• Length of a manLength of a man’’s foot = 1 foots foot = 1 foot
•• Length of a manLength of a man’’s belt = 1 yards belt = 1 yard

•• But then, there is a need for an But then, there is a need for an unchanging unchanging 
standardstandard for physical parametersfor physical parameters
•• length length (m), time (s), mass (kg), temperature (K), etc. (m), time (s), mass (kg), temperature (K), etc. 

•• Other parameters can be defined in terms of these Other parameters can be defined in terms of these 
standard parameters (velocity = length/time)standard parameters (velocity = length/time)
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Why do we make Measurements ?Why do we make Measurements ?

•• Establish a value or a trendEstablish a value or a trend
•• Directly related to the measuring deviceDirectly related to the measuring device

•• What do we expect out of a measurement What do we expect out of a measurement 
device ?device ?

•• RangeRange
•• SensitivitySensitivity
•• AccuracyAccuracy
•• ConsistencyConsistency
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UnitsUnits
PRIMARYPRIMARY
•• Length [m]Length [m]
•• Mass [kg]Mass [kg]
•• Time [sec]Time [sec]

SUPPLEMENTARYSUPPLEMENTARY
•• Temperature [K]Temperature [K]
•• Electrical Current [A]Electrical Current [A]
•• Voltage [V]Voltage [V]

DERIVEDDERIVED
•• Force [N]Force [N]
•• Energy [Joules]Energy [Joules]
•• Velocity [m/sec]Velocity [m/sec]
•• etcetc……

SYSTEM OF UNITSSYSTEM OF UNITS
•• SISI
•• US US 

•• Primary UnitsPrimary Units
•• Supplementary UnitsSupplementary Units
•• Derived UnitsDerived Units
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A General Measurement System: A General Measurement System: 
An Instrument, for exampleAn Instrument, for example

Sensor
Signal 
Conditioning

Processing / 
Display

Functional Block DiagramFunctional Block Diagram

InputInput OutputOutput

SystemSystem

•• ProcessProcess

•• MachineMachine

•• Experiment, etc.Experiment, etc.
InstrumentationInstrumentation
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A General Measurement System: A General Measurement System: 
An Instrument, for exampleAn Instrument, for example

Sensor
Signal 
Conditioning

Processing / 
Display

Functional Block DiagramFunctional Block Diagram

InputInput OutputOutput

Control

SystemSystem
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Processing / 
Display

Analog processing

Analog display (dial indicator, meter)

Digital display

Simple Alarm 

Shut off the system/machine

Send it to another processing unit

Strip chart recorder

Any device that 
accepts analog 
input

A General Measurement System: An A General Measurement System: An 
Instrument, for example Instrument, for example –– contdcontd……

Processing / 
Display
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Processing / 
Display

Digital processing

Sample/Hold ADC Processor 

AnalogAnalog--toto--Digital Digital 
ConversionConversion

Processing / 
Display

MIMOSA
Equipment Management
Information Model
thanks to: Ken Bever, John Hawkins, Alan Johnston, Art Jones, Peter Morgan November, 1997

Control System - DCS

Decision Support

Data

Maintenance ManagementCondition Measurements

Information



6

MIMOSA
Equipment Management
Information Model
thanks to: Ken Bever, John Hawkins, Alan Johnston, Art Jones, Peter Morgan November, 1997

Control System - DCS

Decision Support

Data

Maintenance ManagementCondition Measurements

fluid (lube oil) condition
vibration (on and off-line)
operating measurements 
(on-line and operating logs)
motor characteristics
thermography
anodic/cathodic voltage
ultrasonic (leak detection)
corrosion thickness

Information

MIMOSA
Equipment Management
Information Model
thanks to: Ken Bever, John Hawkins, Alan Johnston, Art Jones, Peter Morgan November, 1997

Control System - DCS

Maintenance Management

Data:
ID’s: Plant / Location / Equipment 
Events
Numerical values (measurements)
Measurement trends
Array / Image:

•Vectors
•Time Waveforms
•Orbits
•Spectra (frequency, order, CPB)
•Lube oil particle
•Temperature images

Data:
ID’s: Plant / Location / Equipment 
Events
Numerical values (measurements)
Measurement trends
Array / Image:

•Vectors
•Time Waveforms
•Orbits
•Spectra (frequency, order, CPB)
•Lube oil particle
•Temperature images

Condition Measurements

Information

Data
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MIMOSA
Equipment Management
Information Model
thanks to: Ken Bever, John Hawkins, Alan Johnston, Art Jones, Peter Morgan November, 1997

Control System - DCS

Decision Support

Data

Maintenance ManagementCondition Measurements

asset management (inc. spare parts)
workforce management
scheduled maintenance  (inc. PM)
work management
MRO inventory management
tool and rental equipment
cost accounting

Information

MIMOSA
Equipment Management
Information Model
thanks to: Ken Bever, John Hawkins, Alan Johnston, Art Jones, Peter Morgan November, 1997

Control System - DCS

Decision Support

Data

Maintenance ManagementCondition Measurements

From Maintenance Management:
Conditions found
Spare parts availability
Work accomplished -- Action taken
Maintenance history: work performed, cost, 
process downtime
Nameplate data
Manufacturers specifications
Work order issued: Work order number, 
requirements: parts, resources, tools, people
Work schedule

From Maintenance Management:
Conditions found
Spare parts availability
Work accomplished -- Action taken
Maintenance history: work performed, cost, 
process downtime
Nameplate data
Manufacturers specifications
Work order issued: Work order number, 
requirements: parts, resources, tools, people
Work schedule

Information
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MIMOSA
Equipment Management
Information Model
thanks to: Ken Bever, John Hawkins, Alan Johnston, Art Jones, Peter Morgan November, 1997

Control System - DCS

Data

Maintenance ManagementCondition Measurements

mechanical diagnostics inc. rolling bearing
performance/efficiency
reciprocating analysis
operating deflection shape (ODS)
root cause
reliability centered maintenance (RCM)
risk 
prognosis

Information

Decision Support

MIMOSA
Equipment Management
Information Model
thanks to: Ken Bever, John Hawkins, Alan Johnston, Art Jones, Peter Morgan November, 1997

Control System - DCS

Decision Support

Data

Maintenance ManagementCondition Measurements

Information
Status -- something happened, event
State of health -- numerical condition index
Rate of change (health/severity) -- numerical
Time to action -- predicted date under current conditions
Problem identification -- description
Components affected -- description
Recommendations -- operating and maintenance
Remarks/Comments -- explanatory information
Work request -- yes or no
Confidence -- numerical

Information
Status -- something happened, event
State of health -- numerical condition index
Rate of change (health/severity) -- numerical
Time to action -- predicted date under current conditions
Problem identification -- description
Components affected -- description
Recommendations -- operating and maintenance
Remarks/Comments -- explanatory information
Work request -- yes or no
Confidence -- numerical

Information
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Transducer
InputInput OutputOutput

Example:  Vibration 
Pressure  
Motion

Example:  Charge 
Voltage  
Current

•• Output is proportional to input in a given rangeOutput is proportional to input in a given range

•• Transducer selection is dictated by several parametersTransducer selection is dictated by several parameters
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The Signal The Signal 

•• Static signalStatic signal
–– Constant with respect to timeConstant with respect to time
–– Easily read with analog displayEasily read with analog display

•• Glass thermometer used to measure the Glass thermometer used to measure the 
temperature in a roomtemperature in a room

•• Tire gage used to measure the air pressure in a tireTire gage used to measure the air pressure in a tire

•• Dynamic signalDynamic signal
–– Varies with respect to timeVaries with respect to time
–– Typically read with a measuring system with Typically read with a measuring system with 

recording capabilities or that shows a history recording capabilities or that shows a history 
of measured values of measured values 

•• Heart monitor used in a hospitalHeart monitor used in a hospital
•• Impact hammer used to study vibrationsImpact hammer used to study vibrations
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How is a Signal Represented?How is a Signal Represented?

•• AnalogAnalog
•• Varies smoothly, Varies smoothly, 

continuouscontinuous
•• Example: glass Example: glass 

thermometerthermometer

•• DigitalDigital
•• Varies in a stepVaries in a step--wise wise 

mannermanner
•• Example: thermometer Example: thermometer 

with digital displaywith digital display
•• 10011010=15410011010=154
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Alarm Limit

Failure Limit

Lead TimeLead Time

Trend Plot Trend Plot –– Monitoring a Monitoring a 
Process ParameterProcess Parameter
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Experimental Test PlanExperimental Test Plan

•• Identify pertinent process variables/parametersIdentify pertinent process variables/parameters
•• based on test objectivesbased on test objectives

•• Well thought out measurement plan for Well thought out measurement plan for 
performing the testsperforming the tests

•• measurement techniquesmeasurement techniques
•• equipmentequipment
•• procedureprocedure

•• Selection of measurement technique/methodSelection of measurement technique/method
•• Selection of instrumentationSelection of instrumentation

•• sensors, supporting instruments, softwaresensors, supporting instruments, software
•• Data analysis planData analysis plan

•• analyze, present, how to use itanalyze, present, how to use it
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Sequential vs. Random TestSequential vs. Random Test

•• Sequential testSequential test:  Increase or Decrease :  Increase or Decrease 
input input over the full input rangeover the full input range

•• HysteresisHysteresis:  difference between :  difference between the the 
upscale vs. downscaleupscale vs. downscale

•• Random testRandom test:  Random input over the :  Random input over the 
rangerange
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Some Basic DefinitionsSome Basic Definitions

•• DataData:  Information obtained by experimental means:  Information obtained by experimental means

•• A A variablevariable is the basic quantity being measuredis the basic quantity being measured
•• DiscreteDiscrete –– has discrete values (toss of a dice)has discrete values (toss of a dice)
•• ContinuousContinuous –– has a continuous range of values has a continuous range of values 

(pressure temperature, vibration, etc.)(pressure temperature, vibration, etc.)

•• ResolutionResolution: is the smallest increment of change that : is the smallest increment of change that 
can be determined from the instrument readoutcan be determined from the instrument readout
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VariablesVariables

•• Independent VariableIndependent Variable:  A variable that can be :  A variable that can be 
changed independently of other variables.  It is changed independently of other variables.  It is 
not affected by change in the other variablesnot affected by change in the other variables

•• Dependent VariableDependent Variable:  A variable that IS affected by :  A variable that IS affected by 
changes in one or more of the other variableschanges in one or more of the other variables

•• Control of a VariableControl of a Variable:  A variable is :  A variable is ““controlledcontrolled”” if it if it 
can be held at a constant or prescribed value can be held at a constant or prescribed value 
during an experiment during an experiment 

•• Extraneous VariableExtraneous Variable:  Variable that is not or cannot :  Variable that is not or cannot 
be controlled during a measurement but that be controlled during a measurement but that 
affects the value of the output affects the value of the output 
•• pressure affects boiling pt.pressure affects boiling pt.
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ParametersParameters

•• A parameter is defined as a functional relationship A parameter is defined as a functional relationship 
between variablesbetween variables

•• A parameter that has an effect on the behavior of A parameter that has an effect on the behavior of 
the measured variable is called a the measured variable is called a control control 
parameterparameter

•• A control parameter is completely controlled if it A control parameter is completely controlled if it 
can be set and held at a constant value during a can be set and held at a constant value during a 
set of measurementsset of measurements

•• example: fan flow coefficient example: fan flow coefficient CC11 given by:given by:

CC11 = Q / nd= Q / nd33

Q Q –– flow rateflow rate
d d –– diameter of the fandiameter of the fan
n n –– speed (rpm)speed (rpm)
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Noise and InterferenceNoise and Interference

•• Parameters are affected by Parameters are affected by extraneous variablesextraneous variables
•• Extraneous variablesExtraneous variables can be divided into Noise and can be divided into Noise and 
InterferenceInterference

•• Noise:  is a random variation of the value of the Noise:  is a random variation of the value of the 
measured output as a consequence of the measured output as a consequence of the 
variation of the extraneous variables variation of the extraneous variables 
(environmental influence, thermal, etc.)(environmental influence, thermal, etc.)

•• Interference:  produces undesirable deterministic Interference:  produces undesirable deterministic 
trends on the measured value because of trends on the measured value because of 
extraneous variables (EMI, RF, line frequency)extraneous variables (EMI, RF, line frequency)
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Frequency Spectrum of a Frequency Spectrum of a ‘‘cleanclean’’ 50Hz. Sine Wave50Hz. Sine Wave

NoiseNoise
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NoiseNoise

Frequency Spectrum of a Frequency Spectrum of a ‘‘noisynoisy’’ 50Hz. Sine Wave50Hz. Sine Wave
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Replication & RepetitionReplication & Repetition

•• RepetitionsRepetitions:  Repeated measurements made during :  Repeated measurements made during 
any single test run or on a single batch any single test run or on a single batch 

•• allows for quantifying the variation in a measured allows for quantifying the variation in a measured 
variable as it occurs during any one test or batch, variable as it occurs during any one test or batch, 
while holding the operating conditions under normal while holding the operating conditions under normal 

controlcontrol
•• e.g. e.g. –– bearing diameter on a batch of 100 bearingsbearing diameter on a batch of 100 bearings

•• ReplicationReplication:  An independent duplication of a set of :  An independent duplication of a set of 
measurements using similar operating conditionsmeasurements using similar operating conditions

•• allows for quantifying the variations in a measured allows for quantifying the variations in a measured 
variable as it occurs between tests, each test having variable as it occurs between tests, each test having 
the same nominal values of operating conditionsthe same nominal values of operating conditions

((englishenglish meaning meaning –– duplication, imitation, copying)duplication, imitation, copying)
•• e.g. e.g. –– bearing diameter on a batch of 100 manufactured on a bearing diameter on a batch of 100 manufactured on a 

particular machine, on 10 consecutive days particular machine, on 10 consecutive days 
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Concomitant MethodsConcomitant Methods
(occurring or existing concurrently)(occurring or existing concurrently)

•• Obtaining two or more estimates for the results, Obtaining two or more estimates for the results, 
each based on a different methodeach based on a different method

•• Can be used as a check for agreement of resultsCan be used as a check for agreement of results

•• finding volume using physical measurement, and also finding volume using physical measurement, and also 
using the physical properties of the materialusing the physical properties of the material

•• determining the results using two different theoretical determining the results using two different theoretical 
approachesapproaches
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CalibrationCalibration

•• What is Calibration ?What is Calibration ?

Calibration is the measurement of performance of an Calibration is the measurement of performance of an 
instrument or a sensor, which ensures the continued instrument or a sensor, which ensures the continued 
accuracy of measurements performed with the deviceaccuracy of measurements performed with the device
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How do we Calibrate a System ?How do we Calibrate a System ?

•• By applying a known value of input to a By applying a known value of input to a 
measurement system and observing the measurement system and observing the 
systemsystem’’s outputs output

•• Known value used for calibration is known as the Known value used for calibration is known as the 
““standardstandard””

•• Static CalibrationStatic Calibration:  values of the variables involved :  values of the variables involved 
remain constant (remain constant (““staticstatic””))

•• Dynamic CalibrationDynamic Calibration:  when variables of interest are :  when variables of interest are 
time dependant; input of known dynamic time dependant; input of known dynamic 
behavior is used and the output of the system is behavior is used and the output of the system is 
determined determined 

•• e.g., using a sine wave inpute.g., using a sine wave input
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CalibrationCalibration

•• Instrument Instrument calibrationcalibration:  is when known inputs are fed :  is when known inputs are fed 
into the transducer and outputs of the instrument are into the transducer and outputs of the instrument are 
observedobserved

•• Single point:  Output is proportional to the inputSingle point:  Output is proportional to the input
Or Or –– output = input x constantoutput = input x constant

•• MultiMulti--point: several inputs are usedpoint: several inputs are used
•• works when output is NOT proportional to inputworks when output is NOT proportional to input
•• significantly improves accuracy of calibrationsignificantly improves accuracy of calibration
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CalibrationCalibration
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Example: Calibration Example: Calibration 
Curve for a Pressure Curve for a Pressure 

TransducerTransducer
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SensitivitySensitivity

•• SensitivitySensitivity: is the change in the output per unit : is the change in the output per unit 
change in the inputchange in the input

•• A A calibration curvecalibration curve is obtained by plotting the output is obtained by plotting the output 
vs. the input (vs. the input (yy vs. vs. xx))

•• In the case of a In the case of a linear calibration curvelinear calibration curve, the , the 
sensitivity is the slope of the (straight) linesensitivity is the slope of the (straight) line
Also called Also called Static SensitivityStatic Sensitivity

•• The calibration curve also The calibration curve also determines the useful determines the useful 
rangerange within which the instrument/sensor/system within which the instrument/sensor/system 
can be usedcan be used

•• Static Sensitivity:  SLOPE of the calibration curveStatic Sensitivity:  SLOPE of the calibration curve
•• Input span:  Input span:  xxmaxmax –– xxminmin ..
•• Output span:  Output span:  yymaxmax –– yyminmin (or operating range)(or operating range)
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Useful Range

SensitivitySensitivity
•• SensitivitySensitivity: is the change in the output per unit change in the : is the change in the output per unit change in the 

inputinput
•• Also determines the useful rangeAlso determines the useful range
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Accuracy and PrecisionAccuracy and Precision

•• AccuracyAccuracy:  is the closeness of a measurement (or a :  is the closeness of a measurement (or a 
set of observations) to the true valueset of observations) to the true value

•• Higher the accuracy, lower the errorHigher the accuracy, lower the error

•• PrecisionPrecision:  is the closeness of multiple observations :  is the closeness of multiple observations 
or repeatability of a measurementor repeatability of a measurement

•• Refers to how close a set of measurement are to Refers to how close a set of measurement are to 
each othereach other

•• Absolute Error = Absolute Error = εε = (true = (true –– indicated value)indicated value)

•• % Accuracy = [1 % Accuracy = [1 –– (|(|εε| / true value)] x 100| / true value)] x 100
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How Accurate is the Measurement ?How Accurate is the Measurement ?

•• There is always some There is always some uncertaintyuncertainty in measurementsin measurements
–– UncertaintyUncertainty: A likely bound on the error: A likely bound on the error

•• The The applicationapplication dictates the required accuracy:dictates the required accuracy:
–– Significant consequencesSignificant consequences

•• Core temperature of a nuclear reactor vs. outdoor Core temperature of a nuclear reactor vs. outdoor 
temperaturetemperature

–– FunctionalityFunctionality
•• Measurement of lens curvature on eyeglasses vs. Measurement of lens curvature on eyeglasses vs. 

curvature of a widecurvature of a wide--angle mirrorangle mirror
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Accuracy versus PrecisionAccuracy versus Precision
(shooting at a target)(shooting at a target)

Not accurate or PreciseNot accurate or Precise Precise but NOT accuratePrecise but NOT accurate

Accurate and NOT PreciseAccurate and NOT Precise Accurate AND PreciseAccurate AND Precise
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Precision ErrorPrecision Error

•• Precision ErrorPrecision Error:  is a measure of the random variation :  is a measure of the random variation 
found during repeated measurementsfound during repeated measurements

•• An estimate of a measurement system precision does An estimate of a measurement system precision does 
not require calibration, per senot require calibration, per se

•• A system that repeatedly indicates the same wrong A system that repeatedly indicates the same wrong 
value upon application of a particular input, value upon application of a particular input, 
would be considered very precise, regardless of would be considered very precise, regardless of 
its accuracyits accuracy
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Bias ErrorBias Error

•• Bias ErrorBias Error:  is the difference between the average :  is the difference between the average 
value and the true valuevalue and the true value

•• To determine the bias error, one normally requires To determine the bias error, one normally requires 
the average error to be determined by means of the average error to be determined by means of 
repeated measurementsrepeated measurements
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Precision & Bias ErrorPrecision & Bias Error

True or known valueTrue or known value

Average measured valueAverage measured value

Measured dataMeasured data

Test Bias ErrorTest Bias Error

Precision ScatterPrecision Scatter
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Precision & Bias ErrorPrecision & Bias Error
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HysteresisHysteresis ErrorError

Many sensors have the undesirable characteristic of giving Many sensors have the undesirable characteristic of giving 
a different value when the input is increasing than when it a different value when the input is increasing than when it 
is decreasing.  This is called is decreasing.  This is called hysteresishysteresis..

%ehmax
=

ehmax

ro

×100

(output range = ro)
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LinearityLinearity

Many types of sensors have linear Many types of sensors have linear 
input/output behavior, at least within a input/output behavior, at least within a 
narrow range of inputs.  The sensor thus narrow range of inputs.  The sensor thus 
follows an input/output relation likefollows an input/output relation like

yyLL((xx) = ) = aa00 + + aa11xx..

These will often be marketed as linear, These will often be marketed as linear, 
and the only calibration data you get is and the only calibration data you get is 
the slope of the input/output relation (the slope of the input/output relation (aa11) ) 
and the zero input value (and the zero input value (aa00).  For these ).  For these 
types of sensors, the deviation from linear types of sensors, the deviation from linear 
behavior should be reported in the behavior should be reported in the 
specifications.  This deviation can be specifications.  This deviation can be 
calculated: calculated: eeLL((xx) = ) = yy((xx) ) -- yyLL((xx).  ).  

The spec is usually the percentage error The spec is usually the percentage error 
relative to full scale, or relative to full scale, or 

%eLmax
=

eLmax

ro

×100

(output range = ro)
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Zero and Sensitivity ErrorsZero and Sensitivity Errors
•• Variations in the linearity parameters Variations in the linearity parameters aa00 and and aa11 are   are   
called called zero errorszero errors and and sensitivity errorssensitivity errors, respectively.  , respectively.  
•• Zero errors are handled rather easily by measuring the Zero errors are handled rather easily by measuring the 
zero input response before measurements are started.zero input response before measurements are started.
•• These two errors are often sensitive to temperature These two errors are often sensitive to temperature 
fluctuations in electronic equipment.  fluctuations in electronic equipment.  
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Instrument RepeatabilityInstrument Repeatability

If a sensor is repeatedly calibrated under identical conditions,If a sensor is repeatedly calibrated under identical conditions,
some variation in the result will occur.  some variation in the result will occur.  RepeatabilityRepeatability is the is the 
measure of this variation and is normally described by the measure of this variation and is normally described by the 
standard deviation standard deviation SSxx of the data.of the data.

%eRmax
=

eRmax

ro

×100
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Types of Instrument ErrorsTypes of Instrument Errors
-- a recap a recap ……

•• HysteresisHysteresis ErrorError
•• Linearity ErrorLinearity Error
•• Sensitivity ErrorSensitivity Error
•• Zero Shift (null) ErrorZero Shift (null) Error
•• Repeatability ErrorRepeatability Error
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Types of ErrorsTypes of Errors
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Overall Instrument ErrorOverall Instrument Error

•• An estimate of the overall instrument error is An estimate of the overall instrument error is 
made based on all known errorsmade based on all known errors

•• For For MM known errors, the instrument error known errors, the instrument error eecc is is 
given bygiven by

eecc = [= [ee22
11 + + ee22

22 + + ee22
33 + . . . + + . . . + ee22

MM ]]1/21/2

•• For an instrument having known For an instrument having known hysteresishysteresis, , 
linearity, sensitivity and repeatability errors, the linearity, sensitivity and repeatability errors, the 
instrument error is estimated byinstrument error is estimated by

eecc = [= [ee22
hh + + ee22

LL + + ee22
KK + + ee22

RR ]]1/21/2
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Basic Stages of a Measuring SystemBasic Stages of a Measuring System
•• Sensor/TransducerSensor/Transducer

–– Sensor: Uses some natural phenomenon to sense Sensor: Uses some natural phenomenon to sense 
the variable being measuredthe variable being measured

–– Transducer: Converts the sensed information into a Transducer: Converts the sensed information into a 
detectable signaldetectable signal

–– Loading: The measured quantity is always disturbed Loading: The measured quantity is always disturbed 
•• Signal ConditioningSignal Conditioning

–– Modifies (amplify, filter) the signal for the final stageModifies (amplify, filter) the signal for the final stage
•• Signal ProcessingSignal Processing

–– Processes the signal to covert it so that other Processes the signal to covert it so that other 
parameters can be measured (Fourier transform)parameters can be measured (Fourier transform)

•• OutputOutput
Indication or storing of the measured valueIndication or storing of the measured value

•• Control/FeedbackControl/Feedback
Use of the signal to control its future valueUse of the signal to control its future value
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Bicycle SpeedometerBicycle Speedometer

•• SensorSensor: A Magnet attached to one of the : A Magnet attached to one of the 
spokesspokes

•• TransducerTransducer: The Hall Effect device that : The Hall Effect device that 
produces an electrical pulse as the produces an electrical pulse as the 
magnet passesmagnet passes

•• Signal ConditioningSignal Conditioning: A circuit compares : A circuit compares 
the pulses to a timer and determines the the pulses to a timer and determines the 
period.  A correlation based on the period.  A correlation based on the 
measured period and wheel diameter is measured period and wheel diameter is 
used to determine velocity.used to determine velocity.

•• Output StageOutput Stage: A digital signal is sent to : A digital signal is sent to 
the LCD displays and the velocity appears the LCD displays and the velocity appears 
on the screenon the screen
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StandardsStandards
•• Any time you measure anything, you are comparing it to Any time you measure anything, you are comparing it to 
something whose value you think you know.  You assume something whose value you think you know.  You assume 
your ruler is 1 ft long.  But who says what a foot is?your ruler is 1 ft long.  But who says what a foot is?

•• A combination of several international agencies are A combination of several international agencies are 
responsible for maintaining the responsible for maintaining the primary standard measuresprimary standard measures
of various quantities.  of various quantities.  

•• The The standard kilogramstandard kilogram and the and the standard secondstandard second are are 
maintained by the French.  Others are kept elsewhere.  It maintained by the French.  Others are kept elsewhere.  It 
extremely important that these standards do not change extremely important that these standards do not change 
with time, even over hundreds of years.with time, even over hundreds of years.

•• The National Institute of Standards and Technology The National Institute of Standards and Technology 
(NIST) in Maryland is responsible for keeping standards for (NIST) in Maryland is responsible for keeping standards for 
the US.  the US.  
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Hierarchy of StandardsHierarchy of Standards

•• Primary Standard (NIST)Primary Standard (NIST)
•• InterlaboratoryInterlaboratory Transfer Standard (Secondary)Transfer Standard (Secondary)
•• Local StandardLocal Standard
•• Working InstrumentWorking Instrument
•• ““Test StandardsTest Standards”” –– well documented test well documented test 
procedures technical terminology, methods to procedures technical terminology, methods to 
construct test specimens, test setconstruct test specimens, test set--up, methods for up, methods for 
data reduction, etc.data reduction, etc.

•• Maintained by professional societies such as Maintained by professional societies such as 
ASME, ASTM, etc.ASME, ASTM, etc.
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StandardsStandards
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Presentation of DataPresentation of Data

•• Data presentation conveys significant Data presentation conveys significant 
information about the relationship between information about the relationship between 
the variablesthe variables

•• Several types of plots availableSeveral types of plots available
•• Rectangular coordinatesRectangular coordinates
•• SemiSemi--loglog
•• LogLog--loglog
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Presentation of DataPresentation of Data

There are two basic reasons to plot something with a There are two basic reasons to plot something with a 
logarithmic scale:logarithmic scale:

1)1) The variable spans several orders of magnitude, orThe variable spans several orders of magnitude, or

2)2) The relationship between the input variable The relationship between the input variable xx and the and the 
output variable output variable yy is, or may be, of the form is, or may be, of the form yy = = axaxnn where where aa
and and nn are constants.  A logare constants.  A log--log plot will reveal the value of log plot will reveal the value of 
nn with little difficulty.  with little difficulty.  
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An example: Linear vs. LogAn example: Linear vs. Log--LogLog

0 100

5 10-5

1 10-4

1.5 10-4

2 10-4

0 100 5 103 1 104 1.5 104 2 104

F
11

/U
2

f

10-11

10-9

10-7

10-5

10-3

100 101 102 103 104

F 11
/U

2

f

m=-5/3

loglog--log log linearlinear



31

ME3504  Process Monitoring & Control   Shivan Haran, Ph.D.  61

This Course This Course ……

•• Grading considerations on the Lab Reports:Grading considerations on the Lab Reports:

–– Structure and presentationStructure and presentation
–– OrganizationOrganization
–– CompletenessCompleteness
–– Presentation of Results (plots, numerical values, Presentation of Results (plots, numerical values, 

tables, etc.)tables, etc.)
–– Numerical values Numerical values –– precision, units, etc.precision, units, etc.
–– Uncertainty analysisUncertainty analysis
–– Statistical analysisStatistical analysis
–– ConclusionsConclusions
–– Discussion on the experiment, results, analysis, Discussion on the experiment, results, analysis, 

etc.etc.
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Technical Report Technical Report –– A ChecklistA Checklist

•• TitleTitle

•• AbstractAbstract
•• Comes before the table of contentsComes before the table of contents
•• About 100 About 100 –– 150 words150 words
•• Single paragraphSingle paragraph
•• Objectives and scope of experimentObjectives and scope of experiment
•• Key results Key results 
•• State main conclusionsState main conclusions
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•• IntroductionIntroduction
•• Motivation for present studyMotivation for present study
•• Purpose of the experimentPurpose of the experiment
•• Literature review (optional)Literature review (optional)
•• Method of investigationMethod of investigation
•• A preview of the report that followsA preview of the report that follows

•• Theoretical AnalysisTheoretical Analysis
•• Models or formulae that govern the studyModels or formulae that govern the study
•• Equations (number all equations)Equations (number all equations)
•• Definition of terms (in equations)Definition of terms (in equations)
•• Provide basic relationshipsProvide basic relationships
•• Long derivations belong in the AppendixLong derivations belong in the Appendix

Technical Report Technical Report –– A ChecklistA Checklist
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•• Experimental ProcedureExperimental Procedure
•• Description of Apparatus/EquipmentDescription of Apparatus/Equipment

•• Use of illustrations and description in wordsUse of illustrations and description in words
•• Include accuracy and range of all instrumentsInclude accuracy and range of all instruments

•• Description of Methods/Experimental ProcedureDescription of Methods/Experimental Procedure
•• OrganizationOrganization
•• Text should flow wellText should flow well
•• Avoid narrative of successes and failuresAvoid narrative of successes and failures

•• ResultsResults
•• Given in a logical order of significanceGiven in a logical order of significance
•• Graphs/tables used to demonstrateGraphs/tables used to demonstrate
•• Include accuracies, uncertainty in resultsInclude accuracies, uncertainty in results

Technical Report Technical Report –– A ChecklistA Checklist
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•• DiscussionDiscussion
•• Compare with theoretical expectationsCompare with theoretical expectations
•• Explain sources of experimental error and Explain sources of experimental error and 

influenceinfluence
•• Note important problems encountered in the studyNote important problems encountered in the study

•• ConclusionsConclusions
•• Summarizes results relevant to the studySummarizes results relevant to the study
•• Assess the study in terms of original objectives Assess the study in terms of original objectives 

and purpose (given in the introduction)and purpose (given in the introduction)
•• Recommendations for future study (if applicable)Recommendations for future study (if applicable)

Technical Report Technical Report –– A ChecklistA Checklist

ME3504  Process Monitoring & Control   Shivan Haran, Ph.D.  66

•• ReferencesReferences
•• Numbered list of references at the endNumbered list of references at the end

•• Choose standard format for referencesChoose standard format for references

•• AppendicesAppendices
•• NonNon--essential but important information essential but important information 

(derivations, etc.)(derivations, etc.)
•• Each appendix assigned by a letter and a Each appendix assigned by a letter and a 

descriptive titledescriptive title

Technical Report Technical Report –– A ChecklistA Checklist
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Questions on ExperimentsQuestions on Experiments

You can think about these when You can think about these when 
doing the labs !doing the labs !
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Some Sample questions Some Sample questions ……

•• What is the problem ? What questions are you What is the problem ? What questions are you 
trying to answer ?trying to answer ?

•• How accurately do you need to know the How accurately do you need to know the 
answers ? How is the answer to be used ?answers ? How is the answer to be used ?

•• What are the physical principles involved ?What are the physical principles involved ?
•• What experiments or set of experiments might What experiments or set of experiments might 

provide answers ?provide answers ?
•• What variables must be controlled and How ?What variables must be controlled and How ?
•• Quantities to be measured ? How accurately ?Quantities to be measured ? How accurately ?
•• Instrumentation to be used? Information on the Instrumentation to be used? Information on the 

instrumentsinstruments
•• How is data to be acquired, conditioned, stored ?How is data to be acquired, conditioned, stored ?
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Some Sample questions Some Sample questions ……

•• How much data is to be gathered ? Points of How much data is to be gathered ? Points of 
measurement ?measurement ?

•• Budgetary and time constraintsBudgetary and time constraints
•• Techniques of data analyses to be followed ?Techniques of data analyses to be followed ?
•• Effective and revealing way to present dataEffective and revealing way to present data
•• Unanticipated questions raised by the dataUnanticipated questions raised by the data
•• In what manner should data and results be In what manner should data and results be 

reported ?reported ?
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