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Outline

u Module 1: Foundation of AI 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 é

uYou 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?
u To apply learnt knowledge and skills into the implementation of the following 

universal blueprint underlying all the intelligent machines or systems.

Systems

Under 

Control

Actual

Workspace

Control

Modules

Sensory

Modules

Planning

Modules
Digital

Workspace

Userôs 

Instructions

+
-

Perception

Modules

Automation

Autonomy
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Why to study this course?

We are living inside an ocean of signals



6(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

How to study this 

course?
u To put yourselves into the 

mindset of designers of 

networked sensors as 

products:

u Who are the users?

u What are the needs of users?

u What are your Internet of 

Sensors, which could meet 

the needs of your users or 

buyers?

u What are the solutions 

behind the design of your 

Internet of Sensors?

Market Demands or Needs

Product Specifications

Design Specifications

Conceptual Design

Selection of Materials/Components/Devices

Embodiment Design

Prototyping

Optimizing

Production

MarketingPractice with MATLAB



7(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

SensingMeasurement

Decision Action
Physical

World

Conceptual

World

What are you going to study in 

this course?

RandomnessFuzziness

Module 1: Foundation of AI Sensors

Å Basics of Physical World

Å Randomness of Physical World

Å Basics of Conceptual Worlds

Å Fuzziness of Conceptual Worlds

Module 2: For Electrical Systems

Å Measurement of Voltage

Å Measurement of Current

Å Measurement of Resistance

Å Measurement of Capacitance

Å Measurement of Inductance

Module 3: For Mechanical Systems

Å Measurement of Position

Å Measurement of Velocity

Å Measurement of Acceleration

Å Measurement of Force

Å Measurement of Torque

Module 4: For All Environments

Å Measurement of Pressure

Å Measurement of Temperature

Å Measurement of Humidity

Å Measurement of Vibration

Å Measurement of Air Quality

Module 5: For All Industries

Å Measurement of Fluid Level

Å Measurement of Flow Rate

Å Measurement of Sound/Voice

Å Measurement of Photometry

Å Measurement of Geometry

AI Loop
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How to apply?

Front-end 

Sensor

Front-end 

Sensor

Back-end 

Sensor

Directly-detectable

Quantities

Not-Directly-detectable

Quantities

Readable Values

Readable Values
Directly-detectable

Quantities

Sensing

Calibration

Measurement
Sensory Data with 

Unbounded Error

Sensory Data with

Bounded Error

Physical Quantities

Under Measurement

Fuzzification
{Beliefs}

{Texts}

AI Sensors

Languages
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True Foundation of Machine Intelligence

Physical World

Human Languages

Conceptual Worlds

Properties Constraints

Knowledge

Natural Sciences Social Sciences

Human Intelligence

Computer-Aided Intelligence
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Å One Tool

Å Two Worlds

Å Three Intelligences

Å Four Pillars

Å Signal to Knowledge

Å Knowledge to Knowledge

Å Knowledge to Signal
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Todayõs Lectures é

u Module 1: Foundation of AI 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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Outline of Module 4

u Lecture 1:

uMeasurement of Pressure

u Lecture 2:

uMeasurement of Temperature

u Lecture 3:

uMeasurement of Humidity

u Lecture 4:

uMeasurement of Vibration

u Lecture 5:

uMeasurement of Air Quality
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Outline of Module 4

u Lecture 1:

uMeasurement of Pressure

u Lecture 2:

uMeasurement of Temperature

u Lecture 3:

uMeasurement of Humidity

u Lecture 4:

uMeasurement of Vibration

u Lecture 5:

uMeasurement of Air Quality
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Outline

u Understanding of Pressure

u Computation of Pressure

u Measurement of Pressure
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Outline

u Understanding of Pressure

u Computation of Pressure

u Measurement of Pressure
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Definition of Pressure

uPressure is the force per unit area applied 

perpendicularly to the surface of an object (e.g. 

sensing elements), over which the force is 

distributed.
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Unit of Measurement of Pressure

Basic Unit of Measurement

1 atm = 101.3 kPa

Conversion Table
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Illustration of Atmospheric Pressure
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There Are Three Different Types of Pressures

u Absolute pressures

u Gauge pressures (including vacuum 

pressures also known as negative 

pressures)

u Differential pressures

Pr =0
P0

P1 P2

ὃ
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Illustration of Difference between 

Absolute Pressure and Gauge Pressure 
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Concept of Vacuum Pressure (i.e. 

Negative Pressure Relative to 1 atm)

The pressure inside the 

pipe is lower than atm.
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Comparison between Gauge Pressure 

and Vacuum Pressure

Also called as

Vacuum Pressure
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Applied Forces in Pressure Can Come 

From:

u Objects in solid state

u Objects in liquid state

u Objects in gas state
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Hence, pressure could 

be produced by é

uSolid

uLiquid

uGas

Daltonôs Law
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Case 1χPressure is produced by 

particles (State of Gas)

V

nRT
P=Equation of Ideal Gas:

K L/Mol atm 2108.0=R K L/Mol kPa 8.31=R

Column of Air

Closed  Space Open  Space
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Example of Constant Volume

V

nRT
P=

Volume is constant
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Example of Constant Temperature

V

nRT
P=
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Example of Daltonõs Law

Daltonôs Law
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Case 2χPressure is produced by 

fluids (State of Liquid)

Column of Fluid

hg
A

Vg

A

mg
r

r
====

Area

Weight
Pressure

ὠ ὃὬ

Depth here refers to vertical depth
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Example Showing Pressure Equality 

at Same Vertical Depth
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Example Showing Pressure Equality 

at Same Vertical Depth
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Bernoulliõs Equation:

Constant
2

1 2 =++ vhgP rr
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Case 3χPressure is produced by 

rigid objects (State of Solid)

Solid

A

mg
P=
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Outline

u Understanding of Pressure

u Computation of Pressure

u Measurement of Pressure
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Example of Computing Gauge Pressure 

ὖ ὖ ”ὫЎὬ

Vacuum 

Pressure

ὖ ὖ



37(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Example of Computing Differential 

Pressure

ὖ ὖ ”ὫЎὬ

1P 2P

ЎὬ
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Example of Computing Pressure of Liquid

u As shown in the figure, a u -tube contains mercury with the density 

of 13.5 g/cm³. The value of h is 10.0mm. The atmospheric 

pressure is 1.0 atm. What is the unknown pressure P?

u Answer:

PPP D+= 0

ghPP r+= 0

ὖ ρπρȢσ ρπὖὥ ρσȢυ
ρπ

πȢπρ
ωȢψρπȢπρ

ὖ ρπρȢσ ρπὖὥ ρȢς ρπὖὥ
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Example of Computing Pressure of Liquid

u As shown in the figure, the u -tube contains mercury with the density of 

13.5 g/cm³. The values of h1 and h2 are 23.0cm and 20.0cm, respectively. 

What is the pressure difference between point A and point B?

u Answer: A B

ɝὖ ”ὫЎὬ

ɝὖ σȢωχσὯὖὥ

Ўὖ ρσȢυ ρπ ρπ ωȢψ ςσȢπ ςπȢπ ρπ
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Example of Computing Pressure of Gas 

u A tire contains 5.0 litres of air. The mole number is 0.225 mol. If 

the temperature of the air inside is 30.0 Celsius, what is the 

pressure of the air inside the tire?

u Answer:

V

nRT
P=

0.5

)30273(0821.0225.0 +³³
=P

atmP 119.1=

K L/Mol atm 2108.0=R



41(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Example of Computing Pressure of Solid

u What is the pressure applied to the table by the book?

u Answer of Case 1:

u Answer of Case 2:

ὖ
ρρȢρ ρπ

πȢς πȢυ
ρρρὯὖὥ

ὖ
ρρȢρ ρπ

ρȢπ πȢυ
ςςȢςὯὖὥ
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Example of Computing Pressure of Solid

u The mass of an elephant is 500.0 kg. And, the elephantõs foot surface is 

100.0 cm². If the elephant stands up with two legs as shown in the 

figure. What is the pressure exerted by the two standing feet on the 

ground?

u Answer:

A

mg

A

W
P ==

ὖ
υππωȢψρ

ς ρππȢπ πȢπρ
ςτυȢςυὯὖὥ
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Outline

u Understanding of Pressure

u Computation of Pressure

u Measurement of Pressure
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Applications in Industry
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Applications in Daily Life



46(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Interesting applications in medical 

field (e.g. smart shoes)
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Other Applications 

Smart Carpet
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Other Applications (continued)
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Other Applications (continued)
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Principles of Measurement

u Principle 1:  Pressure (or pressure variation at a diaphragm) is 

converted into voltage which could be measured automatically.

u Principle 2:  Pressure (or pressure variation at a diaphragm) is 

converted into resistance, which is then converted into voltage. 

Voltage could be measured automatically. 

ὖ ὖ

Measurement of Pressure from Gas or Liquid
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How to apply principle 1  to design digital 

measurement and sensing systems for 

pressure?
u Pressure is converted to voltage which is measured by digital voltmeter 

(e.g. microcontrollers).

Digital

Counter

Voltage 

Synthesizer

Analogue 

Comparator

Digital

Display

Pressure/

Voltage

Conversion

Pressure

Voltage

Voltage

S
to

p
 s

ig
n

a
l

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

u Pressure acting on piezo-electrical materials will produce voltage.
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How to convert pressure into voltage?

u Pressure acting on piezo-electrical materials will produce voltage.
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Comparison of Using Piezo-

electric Materials for 

Sensing Force, Pressure and 

Acceleration

ὖ

Piezoelectric Material

Applied Fore

Converted Fore

Inertial Fore
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How to apply principle 2  to design digital 

measurement and sensing systems for 

pressure?
u Pressure is converted to resistance which is then converted to voltage. 

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

All microcontrollers are programmable digital sensors of voltage! 

Digital

Counter

Voltage 

Synthesizer

Analogue 

Comparator

Digital

Display

Resistance/

Voltage

Conversion

Resistance
Voltage

Voltage

S
to

p
 s

ig
n

a
l

Pressure/

Resistance

Conversion

Pressure
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Solution 1 of 

Converting 

Pressure into 

Resistance
Ὑ Ὑ

Ὑ

Ὑ

When pressure increases, radial 

stress is larger than tangential 

stress. Hence, the changes of 

resistance in R1 and R3 will be 

larger than the changes of 

resistance in R2 and R4. 

Such changes in resistance 

could be converted into changes 

in voltage with the use of a 

bridge-circuit. 
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Solution 2 of Converting Pressure 

to Resistance
u When pressure changes, the wiper will change its position. Hence, the 

resistance value changes. Resistance could then be converted into voltage.
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Solution 3 of Converting Pressure 

to Resistance
u Strain gauges are placed on a 

deformable beam.

u Pressure difference produces 

force which acts on the 

deformable beam.

u The compression or expansion 

of strain gauges will make their 

resistance values to change.

u Such changes of resistance 

could be converted into voltage 

changes. 

2

2

2

2



59(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Other Solution é

Å A matrix of sensing cells.

Å Each cell has four strain gauges.

Å Pressure is converted into a matrix 

of resistances.
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Other Design Principles é

u A plate or diaphragm is placed 

inside the space of pressure to 

be measured.

u Pressure will produce a force on 

the surface of the plate or 

diaphragm.

u The force will make the plate 

or diaphragm to undertake a 

displacement. 

u The displacement can be 

sensed and measured. 

X

Y

Z

Atmospheric 

Pressure

or

ὃ
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Remember to Do Calibration

u Curve fitting for calibration:

u Yi is produced by Xi

u Zi is computed from Yi

u Zi must be equal to Xi

True Values ὢ

Measured Values 9

*

*

*

Sensing

Calibration

Measurement

ὢ

ὣ

ὤCalibrated Values ὤ
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Remember to Do Error Analysis

u Systematic error = mean value ð true value

u Repeatability error = value with maximum error 

ð mean value 

u Accuracy = value with minimum error ð mean 

value

u Hysteresis error = |measured value in increasing 

ð measured value in decreasing|

Input voltage
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Summary

u Understanding of Pressure

u Computation of Pressure

u Measurement of Pressure
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Outline of Module 4

u Lecture 1:

uMeasurement of Pressure

u Lecture 2:

uMeasurement of Temperature

u Lecture 3:

uMeasurement of Humidity

u Lecture 4:

uMeasurement of Vibration

u Lecture 5:

uMeasurement of Air Quality
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Outline

u Understanding of Temperature

u Computation of Temperature

u Measurement of Temperature



67(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Outline

u Understanding of Temperature

u Computation of Temperature

u Measurement of Temperature



68(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Three Types of Popular Energies

u Electrical Energy

u Voltage

u Current

u Mechanical Energy

u Force

u Velocity

u Thermal Energy (or Heat)

u Temperature

u Flowrate of heat
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Understanding Thermal Energy (1)

u Heat is something which may be transferred from one body to another .

u Heat is a measurable quantity , and can be described mathematically.
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Understanding Thermal Energy (2)

u Heat cannot be treated as a material substance , because it may be 

transformed into something that is not a material substance, e.g., 

mechanical work.
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Understanding Thermal Energy (3)

u Heat is a layman term which refers to thermal energy .
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Equation of Heat Transfer

Q: heat transferred 

to the system W: Work done

by the system

Energy Internal

 of Change :UD

WQU -=D

When internal energy increases, 

temperature increases. What is 

temperature?
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Applications of Thermal Energy
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Understanding Temperature (1)

u Temperature creates the sensation of hotness or coldness.

u There are two natural references for zero temperature.

SI Scale: Celsius

Kelvin Scale: K

 US Scale: Fahrenheit

329/5CF 00 +³=

 273.15CK 0 +=
0 Kelvin

273 Kelvin
0 Celsius

Temperature
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Units of Measurement of Temperature

Basic Unit of Measurement
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Understanding Temperature (2)

u Temperature is the manifestation of kinetic energy at atomic level.

TKE BxK
2

1
, =

TKE ByK
2

1
, =

TKE BzK
2

1
, =

TKE BK
2

3
=
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Understanding Temperature (3)

u Temperature represents the potential of heat.
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Understanding Temperature (4)

u The difference of temperature will cause the transfer of heat or 

flow of heat.
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There Are Three  

Types of Heat 

Transfer

u Conduction

u Convection

u Radiation
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Example of Heat Transfer Within and 

Outside Rigid Body
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Example of Heat Transfer Caused by 

Temperature Difference
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Understanding Temperature (5)

u The change of temperature can cause linear expansion of materials.

TLL D=D 0a
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Understanding Temperature (6)

u The change pf temperature can cause volume expansion of materials.

TVV D=D 0b

What are the useful equations related to temperature?
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Outline

u Understanding of Temperature

u Computation of Temperature

u Measurement of Temperature
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Useful Equation of Temperature (1)

u Equation of Ideal Gas, which is a function of temperature.
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Example

u As shown in the figure, what is 

the temperature of the gas when 

the volume is 44.8 litres?

u Answer: 

nR

PV
T=

KT 838.272
0821.02

8.440.1
=

³

³
= CT 0312.0-=
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Useful Equation of Temperature (2)

u Equation of Internal Thermal Energy, which is the amount of heat in order 

to  cause intended change in temperature.

Q
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Example

u A pan contains 1.5 kg of water at 20.0 degrees Celsius. It is placed 

on a stove. The specific heat capacity of water is 4190 J/ kg.K. 

During the process of boiling the water, the water absorbs the 

heat at the rate of 500 J/s. What is the temperature of the water 

1.0 minute later?

u Answer:

)0.20( -= TmcQ

0.20
41905.1

60500
0.20 +

³

³
=+=

mc

Q
T

CT 077.24=
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Useful Equation of Temperature (3)

u Equation of Conduction, which describes heat transfer inside or 

among interfaced solids

2T

1T

Thermal conductivity coefficient

dt

dQ
q=
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Example

u A roomõs temperature is held at 26.0 degrees Celsius. Assume that the 

thickness of the wall is 20.0 cm. And, its thermal conductivity is 

0.19W/ m.K. If the energy consumption of the wall is 50.0 W/m², what 

is the temperature outside the wall?

u Answer:
CT 0

1 0.26= ?2T

0.2m

L

TT
kmW

dt

dQ

A

)(
/0.50

1 212 -
==

19.0

2.00.50
0.26

0.50
12

³
-=

³
-=

k

L
TT

CT 0

2 63.26-=



91(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Example
u A steel bar of 20.0 cm long is welded end -to-end to a copper bar 

of 20.0 cm long. The cross-sectionõs areas of the two bars are the 

same. The thermal conductivity of steel is 50.2x10³W/ m.K while 

the thermal conductivity of copper is 385.0x10³W/ m.K. Assume 

that the free end of the steel bar is maintained at 100.0 ºC while 

the free end of the copper bar is maintained at 0.0 ºC. What is 

the temperature at the junction of the two bars?

u Answer:

copper

copper

steel

steel
L

T
Ak

L

T
Ak

0.00.100 -
=

-

100ºC 0.0ºC

Perfect Insulation

Perfect Insulation

coppersteel

steel

kk

k
T

+

³
=

0.100

CT 0535.11=
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Useful Equation of Temperature (4)

u Equation of Convection, which describes heat transfer between 

solid and gas

2T

1T

dt

dQ
q=
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Useful Equation of Temperature (5)

CT
T

4Te
A

P
sº

u Equation of Radiation, which describes heat transfer by electromagnetic 

waves (e.g. infrared waves).
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Useful Equation of Temperature (6)

u Equation of Linear Expansion, which is proportional to temperature 

variation.

TLL D=D 0a
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Useful Equation of Temperature (7)

u Equation of Volume Expansion, which is proportional to temperature 

variation.

TVV D=D 0b
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Example

u A glass tube contains mercury. Its volume is 200 cm³ at 20 degrees 

Celsius. The volume expansion of glass is negligible. And, the 

coefficient of volume expansion of mercury is 18 ÷(10ѢK). If we 

observe that the volume of the mercury has increased by 3.0 cm³, 

what is the value of the temperature?

u Answer:

)( 00 TTVV -=D b

C
V

V
TT 0

5

0

0 33.103
2001018

0.3
0.20 =

³³
+=

D
+=

-b
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Outline

u Understanding of Temperature

u Computation of Temperature

u Measurement of Temperature
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Temperature Control in Industry
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Temperature Control in Buildings



100(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

Temperature Control 

in Agriculture
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Principles of Measurement

u Principle 1:  Temperature is converted 

to DC voltage which could be 

measured automatically.

u Principle 2:  Temperature is converted 

to resistance, which is then converted 

to DC voltage. DC voltage could be 

measured automatically.

Copper

Iron

Resistance Temperature Detector (RTD)Thermistor Thermocouple

Reference Junction

Reference Junction
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How to apply principle 1 to design digital 

measurement and sensing systems for 

temperature?
u Temperature is converted to DC voltage which is measured by digital 

voltmeter (e.g. microcontrollers).

Digital

Counter

Voltage 

Synthesizer

Analogue 

Comparator

Digital

Display

Temperature/

Voltage

Conversion

Temperature

Voltage

Voltage

S
to

p
 s

ig
n

a
l

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

voltage?

u Two conductors of different types 

are connected at the two ends.

u When the temperatures at the two 

ends are different, there is a flow 

of electrons inside the loop.

u Hence, the temperature could be 

measured through the 

measurement of DC voltage.

ὠ ὯɝὝὯὝ Ὕ

Reference Junction

Reference Junction
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Example of Thermocoupleõs Body Design 

(measurement range: < 2000 ὅ)

ὠ ὯɝὝὯὝ Ὕ

Reference Junction
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Example of Thermocoupleõs Circuit Design

Ὕ

ὺ
ὠ

ὺ

Sensing Junction
Reference temperature is 0 degree Celsius

Reference Junction ὠ

How?
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Cold Junction Compensation

Ὕ

ὺ
ὠ

ὺ

Sensing Junction

Reference Junction ὠ

ὠ ὺ ὺ

When Ὕ = 0, output voltage is: ὺ ὺ

Then, compensation voltage will be: ὺ ὺ

ὠ ὠ
ὠ

Ὑ
Ὑ

ὠ
Ὑ Ὑ

Ὑ
ὠ



107(Learning, Teaching) <o > (Research, Innovation) <o> (Leadership, Service)

Nanyang Technological University

How to apply principle 2  to design digital 

measurement and sensing systems for 

temperature?
u Temperature is converted to resistance, which is then converted into DC 

voltage. DC voltage is measured by digital voltmeter (e.g. 

microcontrollers).

Digital

Counter

Voltage 

Synthesizer

Analogue 

Comparator

Digital

Display

Resistance/

Voltage

Conversion

Temperature

Voltage

Voltage

S
to

p
 s

ig
n

a
l

All microcontrollers are programmable digital sensors of voltage! 

Temperature/

Resistance

Conversion

Resistance
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How to convert temperature into resistance?
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Use of Thermistor (< 100 ὅ)
u Temperature sensitive materials are 

wound on a rod so as to produce 

temperature sensitive resistors, which 

are called thermistors.

u The resistance values of the thermistors 

can be measured by a bridge circuit.

NTC

Å Less expensive

Å Fast response

Positive Temperature CoefficientNegative Temperature Coefficient
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Example of Thermistors
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Use of RTD (< 400 ὅ)

u Other than thermistors, there are 
other temperature sensitive 
materials such as thin -film 
elements, wire -wound elements, 
coiled elements.

u These materials (e.g. platinum, 
nickel, or copper) are called 
resistance temperature detectors, 
or RTD in short.

u Temperature could be converted to 
resistance values with the use of 
RTD.

RTD=Resistance Temperature Detector

coils

Å Better accuracies

Å Wider measurement ranges
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How to convert resistance to DC voltage?
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Other Principles é

Infrared Image
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Remember to Do Calibration

u Curve fitting for calibration:

u Yi is produced by Xi

u Zi is computed from Yi

u Zi must be equal to Xi

True Values ὢ

Measured Values 9

*

*

*

Sensing

Calibration

Measurement

ὢ

ὣ

ὤ
Calibrated Values ὤ
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Remember to Do Error Analysis

u Systematic error = mean value ð true value

u Repeatability error = value with maximum error 

ð mean value 

u Accuracy = value with minimum error ð mean 

value

u Hysteresis error = |measured value in increasing 

ð measured value in decreasing|

Input voltage
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Summary

u Understanding of Temperature

u Computation of Temperature

u Measurement of Temperature
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Outline of Module 4

u Lecture 1:

uMeasurement of Pressure

u Lecture 2:

uMeasurement of Temperature

u Lecture 3:

uMeasurement of Humidity

u Lecture 4:

uMeasurement of Vibration

u Lecture 5:

uMeasurement of Air Quality
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Outline

u Understanding of Humidity

u Computation of Humidity

u Measurement of Humidity

Humid 

Air
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Outline

u Understanding of Humidity

u Computation of Humidity

u Measurement of Humidity

Humid 

Air
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Understanding Humidity (1)

u Humidity is related to water vapour in air.
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Understanding Humidity (2)

u Water can exist in three states which can make transitions among 

them.
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What is condensation?

u It is a process which makes vapor to 

become liquid.

Dew Point: It is the surfaceôs temperature

below which Vapour becomes Liquid.
Dew Point Depends on Humidity

S
u
r
f
a
c
e
ô
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Example of 

Condensation

Have

Condensation

No

Condensation

No

Condensation
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Temperature must be below

dew point.

Example of Using 

Condensation to 

Get Pure Water ...
































































































































































































