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Introduction

Sensors and Microcontrollers

Physically, converts stimuli to electrical signals
e Our skin,eyes are all sensors

microcontrollers and microprocessor

Microprocessor: A CPU devoid of I/O ports,memory, timers

Microcontroller: Micro computer in a chip fabricated by VLSI design

[1]
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The basic philosophy of the experiment

@ We have a sensor through which we plan to measure the pressure or
temperature .

@ Check the working of the sensor

o Calibration -Both temperature and Pressure (before and after adding
error)

@ Pressure calibration is done taking Atmospheric pressure as the
reference.

@ For temperature calibration we use the PV = nRT (Equation of state)
Controlled

o Not stand alone device ~ —  Microcontrollers
flow of data

— Wireless— store data

Calibration: comparison of an instrument to a standard one(reference)
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BMP180 and NodeMCU

e BMP180
e consists of piezoresistive sensor, ADC,EEPROM,I2C
e Supply Voltage: 3.3V
o NodeMCU
e ESP8266 module containing
e wifi module (IP, port)
@ microcontroller
e Arduino (IDE) (C program fed)
@ Three sensors:

o Reference sensor 1: Atm. pressure and temperature
o Pressure sensor 2: Manometer pressure and temperature
e Temperature sensor 3: Chamber pressure and temperature

@ Result : We have a wireless system to send and store data!
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Experiment

Flowchart of the experiment
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Figure: Circuit Diagram
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Calibration of Pressure

Basic principle of working 0 P,rcomected =

Atmospheric (PAtm + pgh) + some quantity
Pressure .
® P,im is given by a reference

sensor

o Plot: Pyncorrected along x axis
Al | A and P,im + heightyc along y

h axis

o A simple technique!

AT




Pressure Calibration Data

’ Water Column(mm) ‘ Atm. Pressure(mmWC) ‘ Sensor (mmW(C) ‘

5 10322.1 10603.1
28 10323.6 10614.8
48 10321.3 10641.4
74 10322.3 10641.4
100 10322.2 10655.3
° 128 10321.3 10671.2
154 10321.8 10658.3
176 10322.0 10698.4
196 10321.4 10710.2
216 10320.8 10722.9
233 10322.5 10733.1
298 10321.5 10773.0
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Pressure Cal

10.45
10.4

10.35

ibration Graph

Pressure Correction

x10*
¥2 / ndf 60.29 /10
Prob 3.197e-09
po -7957 £ 152
p1 1.725 £ 0.01423

10.6 10.62 10.64 10.66 10.68 10.7 10.72 10.74 10.76 10.78
Manometer pressure (mmwc)
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Temperature Calibration

e Use T ~ PV — basic equation [2] (V ~ constant)
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Temperature Calibration

Use T ~ PV — basic equation [2] (V ~ constant)

@ Use Peoprected = P1Puncorrected + Po ,Poand Prare from pressure
calibration graph

0 Teomrected = ,D[’) + Pl Peomrected » P(’), P] —calibrated without adding
any error
o PIOt Tcorrected Vs PCOrrECted



Temperature Calibration Data

uUTC (sec)

1548065201
1548065205
1548065208
1548065210
1548065213
1548065228
1548065231
1548065235
1548065238
1548065240
1548065243
1548065247
1548065249
1548065252
1548065256
1548065258
1548065261
1548065265
1548065268
1548065270
1548065273
1548065277
1548065279
1548065282
1548065286
1548065288

 ACAORE DA

T_ref(celsius) Atm(mm)

21.57
21.59
21.60
21.60
21.58
21.58
21.59
21.59
21.61
21.62
21.65
21.64
21.65
21.66
21.66
21.67
21.70
21.70
21.72
21.73
21.74
21.75
21.77
21.77
21.80
21.80

-4 -

16318.9
10319.6
10319.7
10319.7
10320.0
16319.2
10319.3
160319.1
10318.8
10318.7
10319.5
10319.1
16318.7
10319.3
10319.1
10319.2
10319.4
16319.5
10319.0
160320.1
10319.4
10319.3
10320.0
10319.4
160319.6
10319.5

AT Am T

T_measured(Celsius)
25.46
25.48
25.50
25.51
25.62
25.64
25.67
25.69
25.71
25.74
25.76
25.78
25.80
25.83
25.85
25.89
25.90
25.93
25.95
26.00
25.96
26.04
26.06
26.09
26.11
26.13

N

Pressure_true(mm)
10636.2
10636.4
10636.6
10637.3
10639.8
10640.1
10640.8
10641.5
10641.9
10642.4
10643.0
10643.4
10643.9
10644.2
10645.3
10645.8
10646. 6|
10646.9
10647.7
10648.1
10648.8
10649.2
10650.0
10650.4
10651.1
10651.5

AmEC™ 3




Results

10°

Pressure Correction

%27 ndf
Prob
PO

pt

10.65

0.5¢

Poregted (MMWC)

0.45

3.598e-18/510 !
1

7957 +8.572e-10
1725 +7.98e-14

Temperature Correction

0.02448 +

Teomocted (°C)

1, x10°

Teoroctea (')

1 L L L I L L L
10.64 10.66 10.68 107 1072 10.74 10.76 10.78 10.8
uncorrected (MMWC

Z/ndf 0.168/509 T !
32 X

Prob 1
31 PO 10.58 + 0.2158

~0.1149 +0.01491

0.0002564

I I I I L

True Pressure versus True Temperature

26 27 28 29 30 31

Tuncorcted ('C)

%2/ ndf 6591e-22/510 T T T
Prob 1

—287.3 £ 6.619e-12
002992 + 6.262e-16

L L Il L 1 1
10400 10450 10500 10550 10600 10650
P, mwc)

corrected
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Applications

@ Leak test in RPC's
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Applications

Leak test in RPC's
Weather stations
Measure altitudes
Remote Sensing

Rail Transport

e 6 6 o o o

Security Cameras ( Rotating Cameras)



What we have learned?

o Calibration techniques

@ Necessity of calibration
@ How simple techniques can be put to use!

o Cost effectively
o With minimum time and labour
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