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Characteristics of instruments

Measurement is a process of 
mapping actually occurring 
variables into equivalent values. 
Deviations from perfect 
measurement mappings are called 
errors:
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Characteristics of Instrument 

• Static Characteristics of Instrument Systems 
Output/Input Relationship

• Drift

• Hysteresis and Backlash

• Saturation

• Bias

• Error of Nonlinearity
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Transfer Function
• T F = Ratio of Output to Input

• 𝑇𝐹 =
𝑂𝑢𝑡𝑝𝑢𝑡

𝐼𝑛𝑝𝑢𝑡
=

𝑌

𝑋
= 𝐺

• Systems that are consisting of 
subsystems 𝑇𝐹𝑡𝑜𝑡𝑎𝑙 = 𝐺1𝑥𝐺2𝑥𝐺3⋯
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Typical input-output characteristic
curve of an instrument
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Linear Systems:
1.Homogeneous and 
2. Comply with 
Superposition



Drift

• Slackening of spring and stretching

• DC voltage drift in amplifier 
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Hysteresis and Backlash

29/10/2019 8

https://www.google.com/url?sa=i&source=images&cd=&ved=2ahUKEwiXwvbZw5jlAhVJI1AKHcHNDAsQjRx6BAgBEAQ&url=https%3A%2F%2Fwww.researchgate.net%2Ffigure%2FBacklash-in-mating-gear-transmissions_fig1_251401309&psig=AOvVaw1tMT4R2813PhyI_OgWI5Mj&ust=1571031797724917


Saturation
Measurements are linear over certain part of the 
characteristic curve. (compression at top end)
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Bias 
• Sometimes, the electronic signal processing 

situation calls for the input signal to be 
processed at a higher average voltage or 
current than arises normally. Here a dc value 
is added to the input signal to raise the level 
to a higher state as shown in Figure 3.10. A 
need for this is met where only one polarity 
of signal can be amplified by a single 
semiconductor element. This is usually done 
to overcome noise.
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Error due to nonlinearity
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Dynamic Characteristics of 
Instrumentation Systems

• Due to high nonlinearity in characteristic of most 
instrumentation systems, finding a precise 
mathematical formula is not always an easy task. 
However generic formulas can be developed for 
limited spans of input variables. This way the 
characteristic curve can then be divided into zones 
each having its own formula (Transfer Function), this is 
called linearization.

• Lookup Tables in computers and other digital systems 
can provide good solution, but these remains: non-
mathematical; experimental; and/or numerically 
obtained (usually iterative) models. 
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• 𝒂𝟐
𝒅𝟐𝒚(𝒕)

𝒅𝒕𝟐
+ 𝒂𝟏

𝒅𝒚(𝒕)

𝒅𝒕
+𝒂𝟎𝒚(𝒕) = 𝒙(𝒕)

• Laplace Transform Form
𝑎2𝑌 𝑠 + 𝑎1𝑌 𝑠 + 𝑎0𝑌 𝑠 = 𝑋(𝑠)

𝑇. 𝐹. =
𝑌(𝑠)

𝑋(𝑠)
=

1

𝑎2𝑠
2 + 𝑎1𝑠 + 𝑎0
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Laplace Transform
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Exercise:
• Find the transfer function of the measuring 

instrument that have the following differential 
equation for its input/output characteristics
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Zero, First and Second Order 
Systems
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