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General information

Office hours

Instructor _: Cosme Furlong; cfurlong@wpi.edu
Everyday from 11:00to 11:50 am
or by appointment

Teaching Assistants : During laboratory sessions
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Accuracy, precisioné and




Accuracy, sioneé and

\

In control, capable  In control, not capable

ot
+

Capable but out of Not capable, and
control out of control

Accuracy : deviation (or error) of reading from a true value;

Precision: ability to reproduce a reading (not necessarily correct);
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Resolution: analog systems

Resolution (R): smallest increment of change in the measured value
that can be determined from an
scale
Resolution:

Analog VM

(Voltmeter) U&L&%Lf/

I

In this case, resolution of the
VM based on the dial shown is:

10

_ smallestgraduation
2

R =05V
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Resolution: digital systems

Digital VM
F 3
féx
= Digital instruments do not
& provide continuous output data,
5 but rather discrete data.
=
V(actual-red)
How to determine measurement R= Instruments measurlngange;

resolution in digital systems ? 2n

n =bits of digital resolution

For example : 8-bit DVM operating at the [0 -10] V range has the resolution of

R= (10—'80) °© 0.04V: What about for a DVM with 16  -bit digital

resolution and the same measuring range?
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Rangeé gaine

1 Range related to the minimum and maximum values for
which the measurement system is to be used

S Smaller range - more precise representation of
signals (when using same digital resolution)

i = Xmax = Xmin ro = Ymax~ Ymin

Output Range of input |=—> Output range

ymax ‘

Full-scale-operating range
(FSO)

ymin__‘ Input
These limit the operating
Xmin Xmax < range of a system
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Rangeé gaine

1 Gain: amplification or attenuation of a signal for best
fit into a range

Amplification: T 1B =GO
G>1 e .l

Attenuation: T L, =G,Q
G, <1 L




Di gital representation o

A 1- bit number can take values of 0 and 1 and used in

Conditionals: No and Yes;
Booleans: False and True
An 8- bit byte numbercantake2 8val ues; oOreadod-the fo

bit, byte number:

Num =1001010:

Most Least
significant digit significant digit
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Di gital

representation o

Num =1001010. (8-bit byte number)

Start from the least significant digit: 20

3

3

3

3

3

3

3

3

binaryvaluein Num=13 1=1
binaryvaluein Num=23 0=0
binaryvaluein Num=43 1=4
binary valuein Num=83 0=0
binaryvaluein Num=163 1=16
binaryvaluein Num=323 0=0
binary valuein Num=643 0=0
binaryvaluein Num=1283 1=128

Number is the sum of the results: 149

Can 8-bit byte numbers really take 2 8 values?
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Di gital representation o

TOnebyte B8-bi t) number I s used to repre
resolution results, why?)

fTwoandfour byt e numbers are used to re

4,8, and higherbyte number s are used to repr
and odoubl e precisionod numbers

Here is an example on how to represent the number 1025 with 4 (8  -bit) byte integer:

Most Least
significant digit —* 00000000 00000000 00000100 00000H0L Significant digit

D D hd Y

/ N\

Most Least
significant byte significant byte
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Recall: modern measurement systems

Processing
system and
software

R —ANAAA AN DIy
F o .

i

JI

W

e e D s D™ MR D e e e
Bopral Céndibsoasy i ’ /
el -!m — Transducers and

ot e To ‘/ conditioning

Component/System
under investigation
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Modern measurement systems

DAQ systems in HL -031 have:

\

fiTransducers, Each component
1 Signal conditioning modules, has its own:
> accuracy,
fAnalog to digital interfaces, precision,
_ resolution
{Processing system and software

Minimization of errors in these sub  -systems will produce
accurate and precise measurements within a specific resolution.

This requires ouncertaintyo and el
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Modern measurement systems
Transducers

A transducer Is a device that converts one type of energy to
another for purposes of measurement or information transfer.
Examples are sensors for measurement, via electrical output, of:

1 Pressure

1 Temperature
1 Strain

T Position

1 Inertial effects
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Modern measurement systems

Example: specifications of a transducer
(MEMS pressure sensor)

Features

e Solid State, High Relability

* Standard TO-8 Package Suitable for Applications
PC Board Mount

e [ow Cost. Small Size ¢ Process Control, P-to-l Converters

e Available in Gage, Absolute, and * Pneumatic Control Systems
Differental Pressure Versions e HVAC Controls

SFm ¢ Media Compatible with Noncorrosive * Biomedical: Infusion Pumps,
Gases and Dry air Sphvgmomanometers, Respirators
GE Novasensor. e Output Signal of 100mV @ 1.5mA o Aerospace: Altimeters, Barometers,
NPH Series e Thermal Accuracy FSO 0.5% Typical Cabin Pressure Sensors
* Overpressure Capability to 5 Times * Computer Peripherals

Maximum Rated Pressure

® Three Standard Ranges: 0-10" H20,
0—-1 psi, and 0-bpsi

e Nonlinearity 0.05% FSO Tvpical
e Standard 3/16" OD Pressure Port

* Ceramic Substrate with Temperature
%'é Compensation Resistors
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Modern measurement systems
Example: specifications of a transducer

(MEMS pressure sensor)

5 mm

GE Novasensor.
NPH Series
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