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u Module 1: Foundation of Al Sensors

u Module 2: Sensors for Electrical Systems

u Module 3: Sensors for Mechanical Systems
u Module 4: Sensors for All Environments

u Module 5: Sensors for All Industries
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Remember your mission as MAE
undergraduates &

u You are here to grow your knowledge
and skills so as to be able to design
machines with controllable behaviors
and hopefully in some intelligent
ways.
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How to fulfill your mission?

To apply learnt knowledge and skills into the implementation of the following
universal blueprint underlying all the intelligent machines or systems.
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Why to study this course?
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Gas & Water
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Smart Environment
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We are living inside an ocean of signals
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How to study this
course?

u To put yourselves into the
mindset of designers of
networked sensors as
products:

u

u

u

u

Who are the users?
What are the needs of users?

What are your Internet of
Sensors, which could meet
the needs of your users or
buyers?

What are the solutions
behind the design of your
Internet of Sensors?

Practice with MATLAB

Market Demands or Needs

{

Product Specifications

{

Design Specifications

{

Conceptual Design

\

Selection of Materials/Components/Devices

{

Embodiment Design

{

Prototyping

{

Optimizing
'

Production

{

Marketing

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

. . Module 1: Foundati fAlS
What are you going to study In | [yt e s
A Randomness of Physical World

th IS CO u rse ? A Basics of Conceptual Worlds

A Fuzziness of Conceptual Worlds

Randomness
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Action

Physical

Conceptual
Al Loop
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Module 2: For Electrical Systems Module 3: For Mechanical Systems Module 4: For All Environments ~ Module 5: For All Industries

A Measurement of Voltage A Measurement of Position A Measurement of Pressure A Measurement of Fluid Level
A Measurement of Current A Measurement of Velocity A Measurement of Temperature A Measurement of Flow Rate

A Measurement of Resistance A  Measurement of Acceleration A Measurement of Humidity A Measurement of Sound/Voice
A Measurement of Capacitance A Measurement of Force A Measurement of Vibration A Measurement of Photometry
A Measurement of Inductance A Measurement of Torque A Measurement of Air Quality A  Measurement of Geometry
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How to apply?

Directly-detectable

Readable Values

7

Not-Directly-detectable Directly-detectable
. . NI Sensory Data with AI Se NSOrs
Physical Quantities Unbounded Error
Under Measurement Sensing >
|:> Eanguagei
Sensory Data with :
. . Bounded Error . . {Be“efs}
Calibration > | Fuzzification >
{Texts}
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True Foundation of Machine Intelligence
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Todayos Lectures &

u Module 5: Sensors for All Industries
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Outline of Module 5

u Lecture 1:
u Measurement of Fluid Level
u Lecture 2:
u Measurement of Flow Rate
u Lecture 3:
u Measurement of Sound/Voice

u Lecture 4:
u Measurement of Photometry

u Lecture 5:
u Measurement of Geometry
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Outline of Module 5

u Lecture 1:
u Measurement of Fluid Level

u

u
u

u
u

u
u

u
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Outline

u Understanding of Fluid Level

u Computation of Fluid Level

u Measurement of Fluid Level

MAX
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Outline

u Understanding of Fluid Level

u Computation of Fluid Level

u Measurement of Fluid Level

MAX
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What is fluid?

u  Fluid refers to any substance which could undergo continuous movements
in the form of flow.

u  Fluid includes substances in liquid state and gas state.
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About Shear Stress, Shear Strain and
Shear Rate

Shearstress is the co-planar force per unit area.
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What is Newtonian fluid?

SHEAR STRESS
(TORQUE)

NEWTONIAN, HIGH VISCOSITY

PSEUDOPLASTIC

TRUE PLASTIC

DILATANT

/

NEWTONIAN, LOW VISCOSITY

SHEAR RATE
(ROTATIONAL SPEED)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

Example of Newtonian Fluids
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Example of Non-Newtonian Fluids

Cream of Milk Ketchup
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Example of Non-Newtonian Fluids

u Using just cornflour and water, you can make a non -Newtonian liquid.

MakeAGIF.com
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Example of Non-Newtonian Fluids

Tt

Grass is
a Non-Newtonianh
liquid, who kKnew?
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Understanding Fluid Levels (1)

v Within a same fluid system, the pressure at a same level remains the
same.
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Understanding Fluid Levels (2)

u  The flow levels of two different fluid systems can be different.
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Understanding Fluid Levels (3)

u  Fluids flow from places of higher pressure to places of lower pressure until
the pressures or fluid levels are equals.

T

ELEVATION
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Understanding Fluid Levels (4)

u Itis important to know that fluid in a tank could produce Buoyant
Force. Buoyant force is equal to the weight of displaced liquid.

Before After

—— — —

Weight Loss = Weight of Displaced Liquid
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Outline

u Understanding of Fluid Level

u Computation of Fluid Level

u Measurement of Fluid Level

MAX
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One important parameter of storage
tank 1s |1 qgui d | eve

’ Viesson 1

What is Liquid Level?

Level

e— B i e

> »l o) 0:07/1:32
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Equations of Computation

u Fluid | evel I s a functioninafankn et c han
. W o0 Q A
U — ‘ o ul d
0 (0)
or Q
U ~
0
YO 0 0 *
i
. e
YQ = Outlet
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Example

Inlet B
u  As shown in the figure, the section — ™=—=——{s e
area of the tank is 100.0 m2. The
flow at the inlet is 20.0 m3/h while
the flow at the outlet is 18.0 m3/h.
What is the change of the level h
within 10.0 minutes?

Outlet \

u  Answer:
200-180 1 ,, .
=Q. - = =—m’/ minute
DQ=Qn - Quu 60.0 30
3030 .
3"Q — i p T L o 8lolo
0 O Tl p TUTI
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Example

u As shown in the figure, the section
area of tank A is 50.0 m2 while the
section area of tank C is 45.0 mZ,
The initial level of tank Ais 5.0 m
while the initial level of tank C is 1.0
m. If the flowrate is 0.5 m3/h, how
long will it take for the levels of
tanks A and C to be equal?

v Answer: Aghy A = Ay Ache o = (A Ay

oo A A 50°5+4501

f =3.105m
A, + A 50.0+45.0

_ ADh _ 4507 (3.105- 1.0)
DQ 0.5

Dt =18945h
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Example

u  As shown in the figure, what is the flow change in tank C2 if the fluid
levels remain constant?

u  Answer:

f—l|+h| ﬁz-&-hz
4 l —1'>T<‘|— L l —&:—»éuéwqo
/ Ry \ R,
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Example

u  The areas of tanks 1, 2 and 3 are the same and are equal to 25.0 m2. If

Q12=0.2 m3/h and Q23 = 0.15 m?/h, what are the level changes of tanks
1, 2 and 3 within 30.0 minutes?

u  Answer:

Dh = O_A(?lz = _2052 =-8mm/h —> Level change in tank 1 is -4 mm

Dh, = Q- Qp _02-015_ omm/h = Levelchange intank2is 1 mm
A 25

-0_015-0
= QZZ = e =6mnm/h —> Level change in tank 3 is 3 mm

Dh,
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Outline

u Understanding of Fluid Level

u Computation of Fluid Level

u Measurement of Fluid Level

MAX
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Measuring flui d | ev
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Control e

W’W

mm
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Controlling flui d | e

r E :ﬁq :ﬂﬁq Garden

'
Drain Tube
Reservoir
Water Treatment Plant
DEMINERALISED AND
ULTRA PURE WATER
Submersible Pump
SYSTEM LIFE CYCLE d coas:ﬂs\x;rleu
JM OPTIMISATION e ER Mechanical Linkage

POTABLE WATER

=
|
N,

Fluid Valve or Meter

PROCESS WATER
TREATMENT

c. BOREHOLE WATER
3 TREATMENT

C
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Principles of Measurement b

2-wire i.s. HART

u  Principle 1: Liquid level is converted
into pressure, which could be converted
into DC voltage. DC voltage could be
automatically measured.

Pressure
Transducer

System
Communications

u  Principle 2: Liquid level is converted
into capacitance, which could be
converted into DC voltage. DC voltage
could be automatically measured.

AC Power

signal Out

Force

u  Principle 3: Liquid level is converted Transducer
into resistance, which could be
converted into DC voltage. DC voltage Float
could be automatically measured. < . Max -

u  Principle 4: Liquid level is converted
into buoyant force, which could be
converted into DC voltage. DC voltage
could be automatically measured.

Min =t=

\_‘ _j" Resistance
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How to apply principle 1 to design digital
measurement and sensing systems for fluid

level?

Fluid level is converted to pressure which is then converted to voltage.

u
Finally, the voltage is measured by digital voltmeter (e.g. microcontrollers).

Fluid Level/ Voltage Digital
e Synthesizer Counter

Conversion

Fluid Level

Pressure Voltage

P&iii‘gf’ Voltage Analogue Digital
Comparator Display

Conversion

Stop signal

All microcontrollers are programmable digital sensors of voltage!
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HOW to Convert fIUid Gas or Vapor Pressure
level to differential Reignce_
pressure

Maximum Detectable Level

Drain

Valve Minimum Detectable Level

u  We use a diaphragm.

u  One side of the diaphragm is exposed to low

pressure above the fluid inside a tank. ";’ "2’
u  The other side of the diaphragm is exposed to high
pressure at the bottom of a tank. Diaphragm

>0 06 0 oo ) h=F
rg
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How to convert fluid level to gauge
pressure?

u Atank is open to atmosphere. We use a diaphragm. One side of the
diaphragm is open to atmosphere. The other side of the diaphragm is
exposed to high pressure at the bottom of the tank.

C)Tankt
nto p—
(P) (P2 Atm%.gphere
> <
Gauge
_ Pressure
Diaphragm Sensor igh Pressure
-~ N \ onnectlon
’ ’ Vented to
U U Atmosphere P\ ==
Low Pressure Instrument Isolation
Connection Valve
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How to apply principle 2 to design digital
measurement and sensing systems for fluid

level?

Fluid level is converted to capacitance which is then converted to voltage.

u
Finally, the voltage is measured by digital voltmeter (e.g. microcontrollers).

Fluid Level/ Voltage Digital
capacitance Synthesizer Counter

Conversion

Fluid Level

Capacitance Voltage

Caggﬁ;zgce/ Vottage Analogue Digital
Comparator Display

Conversion

Stop signal

All microcontrollers are programmable digital sensors of voltage!
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How to convert fluid level to
capacitance?

Capacitance
measurament

u  Two parallel plates are placed inside _
the fluid of a tank.

Covered by polymer film

] Capacitor Capacitor
u Each plate is covered by a layer of plate plate

thin -film of polymer (i.e. insulting
materials).

Liguid dielectric

u  The level changes of the fluid will
cause the changes of the
capacitance.
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Example of Implementation

capacitor measuring

steel rod

(B)

nsulating wall
material
(dielectric)

Capacitor in Cylindrical Shape
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How to apply principle 3 to design digital
measurement and sensing systems for fluid

level?

Fluid level is converted to resistance which is then converted to voltage.

u
Finally, the voltage is measured by digital voltmeter (e.g. microcontrollers).

Fluid Level/ Voltage Digital
e Synthesizer Counter

Conversion

Fluid Level

Resistance Voltage

weoccrce [ Analogue Digial
Comparator Display

Conversion

Stop signal

All microcontrollers are programmable digital sensors of voltage!
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How to convert fluid level to resistance?
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How to apply principle 4 to design digital
measurement and sensing systems for fluid

level?

Fluid level is converted to force which is then converted to voltage. Finally,

u
the voltage is measured by digital voltmeter (e.g. microcontrollers).

Fluid Level/ Voltage Digital
po Synthesizer Counter

Conversion

Fluid Level

Voltage

Stop signal

\fgl;;g/e Voltage Analogue Digital
Comparator Display

Conversion

All microcontrollers are programmable digital sensors of voltage!
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How to convert fluid level to S T p—
buoyant force?
u Afloating object is placed inside a tank with
fluid.
u  The floating object is acting on a piezoelectric
material.
u When the fluidobos | evel c han e f |

objectds buoyant force ¢ han |transduer

u  Such changes are converted into voltage
changes by the piezoelectric material. G
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There are many o

A Measurement of discrete levels Radar level

. sensor/Transmitter
A Measurement of continuous levels '
: It
| =
RF Transmitter o > Transmitted Signal ..—:._20
Ultrasonic . l ! = = = » Reflected Signal = {1
LS =4
= 50
Process liquid = ‘
0
."0
float
charnber

indicator
/ tube

7 magnet

- magnetized
indicator

B float

\\\Torque tube
assembly

>
f ( !, 7-in water
Qv AN tevel

== &

- displacer

" @ m:l water
Seal Pot

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Exampl e of Using Vi

The vibronic measuring principle
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V4

| | |l ustrati on é
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One more exampl e &

Receiver

Light
from LED
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Remember to Do Calibration

u  Curve fitting for calibration:

Measurement

u Yiis produced by Xi

EA)

u  Ziis computed from Yi W —T SenSing

u  Zi must be equal to Xi S
Calibrated Values @ Calibration > )
Measured Values 9
N
ke > True Values &
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Remember to Do Error Analysis

_ For each true value, we can do
Systematic error = mean value dtrue value error analysis

c

u  Repeatability error = value with maximum error

dmean value {]HH d}{l

6
u Accuracy = value with minimum error dmean - h
value N
0 5§ 10 15 20 25 30 35 40 45 S0 S5 60 85 70
N
& S
. . ) Output & \Qo‘ {8;0\(\
u Hysteresis error = [measured value in increasing e © &

d measured value in decreasing|

Hysterisis Error

W

Input voltage
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Summary

u Understanding of Fluid Level

u Computation of Fluid Level

u Measurement of Fluid Level

MAX
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Outline of Module 5

u
u
u Lecture 2:
u Measurement of Flow Rate
u
u
u
u
u
u
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Outline

With Backflow Prevention Assembly

u Understanding of Flow Rate et

iiiiiiii B

u Computation of Flow Rate

u Measurement of Flow Rate
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Outline

With Backflow Prevention Assembly

u Understanding of Flow Rate et

Wi

u Computation of Flow Rate

u Measurement of Flow Rate
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Phenomenon Fow FIl ui d

__

Laminar Flow Turbulent Flow

Low viscosity Laminar FIOw =i

1)

High wiscosity Turbulent Flow =
CIC T
S e =SS
—3 DI r Y PRaY $413
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Phenomenon of Drag Force in Flow

F, = %CD r AV

Flow of Substance in Gas State
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Phenomenon of Drag Pressure in Flow

F 1
PD :KD:ECD/’VZ

Counter/Motion sensor

i
F AN A _ AT
-, ! | 1::':-_}:‘: ‘ -|/

Flow direction

'. K irbine rotating direction
““““ "‘ T "" ARRERAREARERREREL LIS ARRNY MW*W WY

Turbine

Flow of Substance in Liquid State
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Phenomenon of Continuity in Flow

Bernoull i 06s Equat.

(Conservation Equation)

P+ rhg +% rv° = Constan

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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Definition of Volumetric Flowrate

u It refers to the displacement of f 1

Initial position.
Time, t=0,

Fluid has moved to
the right by time t>0.

Fluid Velocity
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Definition of Mass Flowrate

u It refers to the displacement of f 1

_dm_rA3D
dt t

r# — /"AV Initial position.

Time, t=0,

mass = density x volume

Fluid has moved to
the right by time t>0.
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Exercise

Which tank will fill first?

a3
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Exercise

- Which Tank will fill first?

b ik s
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Outline

With Backflow Prevention Assembly

u Understanding of Flow Rate et

Wi

u Computation of Flow Rate

u Measurement of Flow Rate
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Example

u As shown in the figure, the tankos s
water level increases 10.0 cm per minute, what is the volumetric
flowrate of the inlet pipe?

u  Answer: —

Change of volume

DV
Q=—
f=ftlow Dt
Water @
R ADh _ 1502 0.1
Q= =22 22 - 0,025m? /s
l Dt 60.0

| fdt = volume
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Example

u As shown in the figure, the density of water is 1000 kg/m3. &z
decreases 5mm/ s. | f the tankods secti

the mass flowrate at the exit of the outlet pipe?
Change of mass

/

u  Answer: :d_m
dt
I#:d—m:rAd—h
dt dt
. @ pPUNMIUL TMINMVUPCHECT
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Example

u  As shown in the figure, the pressures at points 1 and 2 are P1 and
P2, respectively. The section areas at points 1 and 2 are A1 and A2,
respectively. What is the volumetric flowrate inside the pipe?

P, | | |

Py — Py
P,

u  Answer: (next slide)

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)
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An Swer Volumetric Flowrate = Constant

/

u 1. Application of continuity equation:

Av,=Av, —> V,=(A/A)V

S

Fluid Velocity
u 2. Application of Bernoulli Equation:
1 1 2 2 _ 2P~ Py)

/

Q=Av=an, [ HPP)

1

:\/ 2(p; - P,)
r((A1A) -1
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Example

u  As shown in the figure, vegetable oil flows inside the pipe. The density
of the oil is 910 kg/m3. Assume that the section area A is 25 cm? while

the section area Al is 9 cm?. If the pressure difference is 0.1 atm, what
Is the volumetric flowrate inside the pipe?

Q=Ay = ALAZJ fg’i Zﬁ)

u  Answer:

- ¢ T pTpocradQ
U Tﬁtncwﬁtnnwwpnmﬁnu ——

------- >

--------------- b . .

e > L MInmtbUrO
------- >
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Outline

With Backflow Prevention Assembly

u Understanding of Flow Rate et

13|88

Wi

u Computation of Flow Rate

u Measurement of Flow Rate

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

s f ul dos f oW

u  Without flow rate, there will be no supply systems of fluids.
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Applications of Fluid
Supply Systems In
Inaustry

Nanyang Technological University

l’\ §Y \\‘\\f‘? o , \
Chemical Plant

Hydro Power Plant
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Overflow
Pipe

Applications of
Water Supply
Systems in Home

Cold Water
Supply to H/W
Cylinder

Stopcock
Ball Valve

Gate
Valve

Gate
B I Valve
L i

|
A Water Storage Cximis L"‘ l 1]_“&'.’:’@2‘:;‘: Epr TL
|

. . . Cistern Supply Pipe
A Water Distribution |
|
| ./
|
|
| Hot Water
: +«— Supply
|
| «+— Rising Main
' |
| I
Stopcock | | SN :
Outside I
House R, RS e
P +—— Stopcock
A
| .ﬁ | Hot Water Supply  ee—

Low Pressure Cold Water s

High Pressure Cold Water from Rising Main s == s =
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Exampl e of Water Suppl




When there Is a supply of fluid, we need
to monitor or charge the consumption?

The consumption of fluids could be charged by the amounts of volumes.

The consumption of fluid could also be charged by the amounts of masses.

82
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Example of Measuring Flowrates in Petrol
Stations &

100

130 130
139 £ 139
182~ mé 3 1a2~ _mﬁé 3
— CONTROLLER CONTROLLER
136 136
ust -tz
134 [T ~—-134
© .
FUEL BRancH q p BRANCH L 94, ) _—~14a
NDUIT MAIN CONDUIT fomp -
104 @ 1 108A ngDUlT 108B J o - S
STP — = {f — 4
106~ A 85
A
120~ L —-o8p
PCI )
110 +
BILLING POSs/
NETWORK SITE § S
CONTROLLER
500
~H—4dh
{ ) |,
N
708
Il
-+ From UST 28b
e Ty Othar [ispensers
———26a
25
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Example of Measuring Water Consumption at
Ho me &

Community
water supply
disinfection
filtration

SN
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Principles of Measurement

v Principle 1: Fluids are normally electrically
conductive. When such fluids flow under magnetic
field, electrons could escape and travel toward the
direction which 1 s perpendi
The escaped electrons will build up voltage which
can be measured.

2
v Principle 2: The difference of fluid velocities inside a EJ -

pipe will cause the pressure difference, which can be

measured. Ih
v Principle 3: Heat could be injected into a pipe. The

profile of temperature distribution inside the pipe is Te;”epaetirs;“;fesnfzsfrs

a function of flowrate. The values of temperature Wé

help to determine the flowrate inside the pipe. -

E—
— ks

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

How to apply principle 1 to design digital
measurement and sensing systems for fluid

flowrate?

v Fluid flowrate is converted to voltage which is measured by digital voltmeter
(e.g. microcontrollers).

Voltage Digital
Synthesizer Counter

Voltage
Flowrate/ .
Fluid Flowrate | ol s Analogue D_Igltal
B Conversion Comparator Display

All microcontrollers are programmable digital sensors of voltage!

Stop signal
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How to convert flowrate into voltage?

u A magnetic field is perpendicularly applied
to a pipe.

u  When an electrically -conductive fluid
flows, magnetic force will be act on the
electrons of the electrically -conductive
fluid.

uz=k*B*v*d
u  Magnetic force will push electrons to move 11 i th e vtae
toward another direction which is o i e s
perpendicular to both the magnetic field - ———
and the flow. th metuig e
¢ K is a factory-set calibration factor.
u  The voltage built -up by these electrons
can be measured. U= kd BV
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How to convert flowrate into voltage?

Q.vii ]
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How to apply principle 2 to design digital
measurement and sensing systems for fluid

flowrate?

Fluid is passing through a section of special tube which creates variable

pressures along the flow. In this way, fluid flowrate is converted to
differential pressure which is then converted to voltage. Finally, the voltage

IS measured by digital voltmeter (e.g. microcontrollers).

u

Fluid Flowrate/ Voltage
. Synthesizer

Conversion

Fluid Flowrate

Stop signal

Pressure

Pressure/ Voltage Anal ogue

Voltage

Conversion Comparator

All microcontrollers are programmable digital sensors of voltage!
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How to convert flowrate into differential

pressure (or pressure drop)?
u  AVenturi pipe is added to piping system.

u  The throat of the Venturi pipe will cause a pressure difference
which could be converted into voltage.

Q=Aw=A%JZQ'm)

r(N-A)
[—Conver gent ——d ] Divergent —
Throat
H f"
5 i 7 dl. .- A ..
Head of Z
mercury |- \

1 TE C Resistance t

Pressure Drop
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How to convert flowrate into differential
pressures (or pressure drop)?

VIR R PR R P ERAR R PR BB ]

Orifice - Nozzle - Venturi
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Other SOIUtIOnS for — ‘ff- -| - - - I;ressu;elossi |
taping differential i :
pressures =

| LRISReX =
>
| I | 7O 50 ¢ =2

HEEE

IHIIIHIg

W ITTTTTTTTTTTTTT1t

------- - —
....... , N /ressure applngs\
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How to apply principle 3 to design digital
measurement and sensing systems for fluid

flowrate?

Fluid flowrate is converted to temperature which is then converted to
voltage. Finally, the voltage is measured by digital voltmeter (e.g.

microcontrollers).

u

Voltage Digital
Counter

Fluid Flowrate/

Temperature Synthesizer

Conversion

Fluid Flowrate

Temperature Voltage

Stop signal

e T Analogue Digial
Comparator Display

Conversion

All microcontrollers are programmable digital sensors of voltage!
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How to convert flowrate into

7 [A) \ r\ r \ 3 7 r (14 114
temperature: Qa g uwo MY'Y Y Y
u A heating element is placed Tipe  Reanw  TeMpipuge

) ) ensor Element ensor
onto a pipe together with I -
two temperature sensors:
one at upstream and the PuES
other at downstream. el N

- Temperature Heater Temperature

u The profile of temperature Se"I”” Element  Sentor2
distribution is a function of n

fl uir dos f | owr at

Flow of Gas or Liquid
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Exampl e of | mpl emen
u Heater i s outside the pipe ¢€
QO E VI WYY Y Y
®®®w
Upstream Heater Downstream
Thermopiles Thermopiles
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Exampl e of | mpl emen

v Heater is inside the pipe é

MY E VT XYY Y Y

Temp Probe 1 Temp Probe 2
Cold fluid Heat l
— = — = R ——
Hot Fluid

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)



Nanyang Technological University

Exampl e of | mpl emen

u Heater is inside the pipe e

Sensor
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Inlet
Remember to Do Reference
Calibration A Flowrate
u  Curve fitting for calibration: /
. . 0
u  Yiis produced by Xi
u  Ziis computed from Vi Outlet |
Measurement

u  Zi must be equal to Xi l

Calibrated Values ®

Measured Values 9 W 1 Sensmg

N ! ! (3%
w
e Calibration > W
ke > True Values ¢
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Remember to Do Error Analysis

_ For each true value, we can do
Systematic error = mean value dtrue value error analysis

c

u  Repeatability error = value with maximum error

dmean value {]HH d}{l

6
u Accuracy = value with minimum error dmean - h
value N
0 5§ 10 15 20 25 30 35 40 45 S0 S5 60 85 70
N
& S
. . ) Output & \Qo‘ {8;0\(\
u Hysteresis error = [measured value in increasing e © &

d measured value in decreasing|

Hysterisis Error

W

Input voltage
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Discussion: What Is the primary purpose
of Blood Flow Systems in Human Body?

Oxygenated blood

to upper body
Deoxygenated
bloo)éyPo lungs

Deoxygenated blood ¥ ¥ ¢
from upper bod

Oxygenated blood
from lungs

Deoxygenated blood ¥
from lower body Oxygenated blood
to lower body
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Discussion
1. Hemoglobin absorbs lights.

u Can we consider the pulsed 2 Contract% vessel produces more reflected lights.

wa V e of human b O yEQpﬁnde es?:ePp duces less reflected lights.
as discrete flow?

Photodetector S FEDD :
Measures Incident light Emitslight &

u  Can we determine the
average of flowrate from the
number of pulses per second?

Photodetector
Measures Incident light A Emlts light

Heart beats

Artery Pulse Wave Artery Pulse Wave
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Summary

kflow Prevention Assembly

u Understanding of Flow Rate

iiiiiiii B

u Computation of Flow Rate

u Measurement of Flow Rate
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Outline of Module 5

u
u
u
u
u Lecture 3:
u Measurement of Sound/Voice
u
u
u
u
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NANY ANG School of Mechanical & Aerospace Engineering

TECHNOLOGICAL Design, Machine, Control, Intelligence
UNIVERSITY ’ | '

Module 5 Lecture 3
MA4822

Measurement of Sound/Voice

Xie Ming, PhD (France)

mmxie@ntu.edu.sqg

http://personal.ntu.edu.sg/mmxie
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Dutine P00 EHD B

u  Understanding of Acoustic Signals

1 Second

u Computation of Acoustic Signals

u Measurement of Acoustic Signals

\

Processing of Acoustic Signals
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Dutine P00 EHD B

u  Understanding of Acoustic Signals

1 Second
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What i1s sound or voice?

u Audible acoustic signals are called sounds
or voices.
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How to understand sound or voice?

Focus on:

u Sound/VOICe Source Source/Path/Receiver Concept

Source Path Receiver

u Sound/Voice Path ]
: &

I |
L {

u Sound/Voice Recelver

Sound Sound
Production Cognition
and
Recognition
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Understanding Sound Sourceq1)

u  Mechanical vibrations cause vibrations of air. And, periodic

vibrations of air, in return, produce sounds.
t\‘
.- =

-
v

Sources of sound are .

Y

(Learning, Teachingxo > (Research, Innovation) <o> (Leadership, Service)

all around us.
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Understanding Sound Sourceq2)

u Mechanical vibrations cause vibrations of air. And, periodic

vibrations of air in return produce sounds.
n

3
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Understanding Sound Sourceq3)

u Sound source emits energy, which manifests in the
form of pressure waves.

N aNaNle
T

/
U v U A Condensation

A Rarefaction
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Understanding Sound Sourceq3)

u Sound waves are P Waves.

P waves are longitudinal waves
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Molecules Condensation Rarefaction

Rarefaction Condensation

e
ANA

I
=]
=

Alr Pressure
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Understanding Sound Paths(1)
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Understanding Sound Paths(2)

u Sound waves propagate in straight lines from sound
sources, and change directions due to reflections.

4 = AR ™
/::?’ *%%%ﬁ{/// \\\\
g
e /e soynd source
potd P T %
e o -
s s e e
e & / a4 Ty ]
et g R A, g
‘</ 7 // -~ f’i*"ff/’:’ﬁ"‘f -’}'{f
. ™ f/ f’ﬁf :J’ﬁf Jéf “
\\ A P /,”;/
W /,.-*’”';-“'# e 4 Z7
L & ;/4’
£t o e
P r f,;,
\Q“-‘. /4/ "'{’f
Extra length llﬁtﬁﬂ\e-f‘-x\"b P S
of sound path N “:-15"/ o
to far ear Sound source N Tl
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Understanding Sound Paths(3)

u - When sound waves meet in space, interferences occur. Two
basic modes of interference are

u a) constructive interference and

u b) destructive interference.
In phase + - Constructive
interference

/—\ Destructive

180° out _ interference
of phase =—

NS

(

(

)
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Exampl e of Sound I n
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