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Static Response Characterization
Study the final values of the responses of a system to 
constant input signals:
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Concern       Oc vs Ic only!



Static response characteristics
 Static relationship between input (I) and output (O)

 Range: the values of the measurand to which the system 
responds properly 
 Span: the difference between the upper and lower values of the 
range
 Ideal linear (straight‐line) relationship: Oideal =KI +a
 Sensitivity K: dO/dI (e.g., K could be the slope of a straight line) 
 Non‐linearity: difference of actual and ideal straight‐line 
behavior: 

N(I) = O(I) – (KI +a)
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Static Calibration
 Static characteristics of an element are found by measuring 
the corresponding values of the constant input I and the 
steady‐state output O and the environmental inputs at 
constant values with instruments of known response

Element or system
to be 

calibrated

Standard 
instrument

Standard 
instrument

Standard 
instrument

Standard 
instrument

I

IM II

O



Example: color calibration
 Spectrophotometer – Reflective 
color measurement
- Use test target with “known” 
color/tone values as inputs to the 
spectrophotometer
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Range and span
 Input Range: 
[Imin ,  Imax]
 Input Span:
(Imax – Imin)
Output Range:
[Omin ,  Omax]
Output Span:
(Omax – Omin)
 Full Scale Deflection
(fsd) =  (Omax – Omin)
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Best linear (straight line) fit
Generate a linear 
relationship between 
the input (I) and output 
(O), i.e. 

- One way to generate 
a best straight 
line fit is using 
linear regression.
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Oideal = K∙ I + b



Nonlinearity
Difference between actual and ideal straight line 
behavior

Input: Ii i = 1, 2,…, N

Actual Output: O(Ii)

Best linear fit:

Oideal(Ii) = KIi + b

Nonlinearity:

N(Ii) = O(Ii) – Oideal(Ii)

= O(Ii) – (KIi+b)
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Nonlinearity
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Nonlinearity: example
Maximum nonlinearity:

Maximum nonlinearity as % of 
fsd:



Hysteresis
 The difference between the output values for 
increasing and decreasing inputs (I), at each value 
of the input.
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Hysteresis: example
Maximum hysteresis:

Maximum hysteresis as % of fsd:



Hysteresis in piezoelectric material

 Piezoelectricity
the charge which accumulates 
in certain solid materials in 
response to applied 
mechanical strain 
- Power conversion
- Microphone, guitar pickup, stain 
gage, electric drum pad, 
pressure/force sensing

- Speaker, motor, atomic force 
microscope, 





Measurement characteristics
 Range
the values of the input and 
output to which the 
measurement system will 
respond properly
- [Imin ,  Imax]
- [Omin ,  Omax]

 Span
the difference between the 
upper and lower values of 
the range
- (Imax – Imin)
- (Omax – Omin)

 Ideal Linear (Straight‐line) 
Relationship: Oideal = KI + 
b
where K is ideal straight‐
line slope and b is ideal 
straight‐line intercept

 Sensitivity: dO/dI
(for the ideal case, this is K, 
the slope of the ideal 
straight‐line)

 Bias
intercept of the best‐fit 
straight line with the output 
(O) axis,  for the ideal case, 
this is b



Measurement characteristics
Nonlinearity
difference between 
actual and ideal 
straight‐line behavior 
N(Ii) = O(Ii) – (KIi + b)
Maximum Nonlinearity
the maximum 
nonlinearity within the 
input range: 
- As a percept of full scale 
deflection (fsd)

Hysteresis
difference between the 
output values for 
increasing and 
decreasing inputs 
Maximum Hysteresis
the maximum 
hysteresis within the 
input range:
- As a percept of full scale 
deflection (fsd)
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Resolution
 Resolution is the largest change in the input (I) that 
can occur without any detectable change in the 
output (O)

I

O

ΔO

ΔI

Resolution(I) O
K


Ouput device resolution

sensitivity



Error bands

Error band

Non‐linearity, hysteresis, and resolution effects in 
many sensors are so small that it is difficult or not 
worthwhile to exactly quantify each individual 
effect.  Often this is reported as an error band



Environmental effects
Modifying effects: change sensitivity (slope)
 Interfering effects: change bias (intercept)
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Generalized model of a static system element

Modifying Input IM Interfering Input II
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Dependable readings require calibrating your instruments with known 
references and calibrating at the beginning, middle, and end use of your 
instruments! 



Standards hierarchy
 Primary Standard (e.g., see 
http://physics.nist.gov/cuu/Units/)
- Not calibrated by other standards (NIST or ISO)

 Inter‐laboratory Standard 
http://www.astmnewsroom.org/default.aspx?pag
eid=1840
- Calibrated against primary standard

 Local Standard https://strategis.gc.ca/eic/site/mc‐
mc.nsf/eng/lm00111.html
- Usually most accurate device within lab, calibrated 
against secondary (inter‐laboratory) standard

Working Instrument
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What does this tell us about 
this sensor’s actual response?


