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Verify Input/Output Details 
Calibration
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Factory Calibration

• A good start
• Addresses the factory 

provided components
• Does not address the 

potential field impacts
‒ Position effect
‒ Lags
‒ Lead resistance
‒ A to D conversion
‒ D to A conversion
‒ COV limits
‒ Bifocals

TAB 4-4 - SINGLE VS. MULTIPOINT CALIBRATION 3



TAB 4-4 - SINGLE VS. MULTIPOINT CALIBRATION 4



Calibration
More than an Offset
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Un-Calibration 
Use an Un-calibrated Standard
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Un-Calibration
Misread Your Instrument
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Un-Calibration 
Misread Your Instrument

TAB 4-4 - SINGLE VS. MULTIPOINT CALIBRATION 9



Transmitter is indicating 
0.80 in.w.c. but when 
comparing it to a 
manometer, because o f 
parallax, the control tech 
reads it as 0.78 in.w.c.
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Zero …Zero …
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… and “span” 
adjustments are made to 
bring the transmitter 
reading into agreement 
with the observation

… and “span” 
adjustments are made to 
bring the transmitter 
reading into agreement 
with the observation
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Note that the 
current reading 
is right …

Note that the 
current reading 
is right …

… but the device is 
no longer accurate at 
the ends of the span

… but the device is 
no longer accurate at 
the ends of the span

… but the device is 
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An offset returns the 
transmitter to an 
operating profile that is:
• Right at one point 

An offset returns the 
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• Right at one point 
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An offset returns the 
transmitter to an 
operating profile that is:
• Right at one point 
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of the range
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An offset returns the 
transmitter to an 
operating profile that is:
• Right at one point 
• Accurate over a 

narrow range
• Wrong at the 

extremes of the range 

An offset returns the 
transmitter to an 
operating profile that is:
• Right at one point 
• Accurate over a 

narrow range
• Wrong at the 

extremes of the range 
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Calibrate against a 
known reference at the 
low end of the range
• Atmospheric pressure 

is known

Calibrate against a 
known reference at the 
low end of the range
• Atmospheric pressure 

is known

Multipoint Calibration
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Calibrate against a 
known reference at the 
low end of the range
• Atmospheric pressure 

is known
• Set the zero against 

this known condition

Calibrate against a 
known reference at the 
low end of the range
• Atmospheric pressure 

is known
• Set the zero against 

this known condition
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Calibrate against a 
known reference at the 
high end of the range

Calibrate against a 
known reference at the 
high end of the range
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Calibrate against a 
known reference at the 
high end of the range
• Quality of the 

reference = important
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Calibrate against a 
known reference at the 
high end of the range
• Quality of the 

reference = important
• Set the span to match 

the known parameter

Calibrate against a 
known reference at the 
high end of the range
• Quality of the 

reference = important
• Set the span to match 

the known parameter

TAB 4-4 - SINGLE VS. MULTIPOINT CALIBRATION 24



Calibrate against a 
known reference at the 
high end of the range
• Quality of the 

reference = important
• Set the span to match 

the known parameter
• Assumes linearity 

over the range

Calibrate against a 
known reference at the 
high end of the range
• Quality of the 

reference = important
• Set the span to match 

the known parameter
• Assumes linearity 

over the range

TAB 4-4 - SINGLE VS. MULTIPOINT CALIBRATION 25



Calibrate against a 
known reference at the 
high end of the range
• Quality of the 

reference = important
• Set the span to match 

the known parameter
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reference = important
• Set the span to match 

the known parameter
• Assumes linearity 

over the range
• Zero and span may 
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T Fz

T

55°F

Preheat Controller
• Set 55°F
• Reads ½°F low

Discharge Controller
• Set 55°F
• Reads ½°F high

Relative Calibration/Accuracy
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56°F

55°F

54°F

Relative Calibration/Accuracy
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56°F

55°F

54°F

Relative Calibration/Accuracy
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56°F

55°F

54°F

Relative Calibration/Accuracy
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T
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• Set 55°F
• Reads ½°F high



Transmitter

What You See is What You Get; 
Maybe …

… or maybe not
• There are many elements between the sensor and the observer 

and the observer and the actuator
• All of them can impact accuracy, precision, and performance

Controller

Network 
Device Work StationSensor

Valve

Actuator
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What You Sense is What You Get; 
ZZZZZZZZZZ

AC-3, January 6, 2006
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AC-3 Discharge Temperature AC-3 Chilled water valve

5 minute data
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AC-3 Discharge Temperature, 5 minute data AC-3 Discharge Air Temperature, 1 minute data

AC-3 Chilled Water Valve Command, 5 minute data AC-3 Chilled Water Valve Command, 1 minute data

What You Sense is What You Get; 
Maybe …

1 minute data
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AC-3 Discharge Air Temperature, 1 minute data AC-3 Discharge Temperature, 5 minute data

AC-3 Chilled Water Valve Command, 1 minute data AC-3 Chilled Water Valve Command, 5 minute data

What You Sense is What You Get; 
Or Maybe Not!

1 minute data
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The Nyquist Theorem a.k.a the Sampling Theorem
How Fast is Fast Enough

FEED WATER PUMP ALIASING EXAMPLE 35



The Nyquist Theorem a.k.a the Sampling Theorem
The Theory Behind the Generalization

The slides that follow use a spreadsheet model to compare 
the number of pump cycles and total operating time 
predicted by data from a logger with the real time data 
stream
• The logger only knows what it sees at the time it takes its 

sample
• The logger is not averaging data between samples
• The logger sampling time starts out at twice the feed 

water pump run cycle time and is reduced to one third of 
the feed water pump run cycle time
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