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The output signal from a sensor usually does not have the suitable characteristics for displaying,
recording, transmission, or processing. Common issues with the sensor output signal:

Low amplitude

Contains noise

Not in the voltage or current form to be directly interpreted by electronics systems
In analog form, the signal cannot be recorded or processed by digital systems

Signal conditioning: the processing of the sensor signal to adapt the signal to the requirements of
the next stage in a measurement system.

Signal conditioner: the interfacing circuit between the sensor and the data recording or
processing system that performs the necessary signal adaptation.

Example:
Many sensors require some form of excitation (voltage source, current source ou circuit) for
them to operate.

Strain gauges and RTDs are two common examples.



Transducers
(Examples)



Force and Pressure Sensors

Force and pressure are generally measured indirectly through the deflection
of an alternate surface.

Mechanisms include:

— measuring the displacement of the elastic material resulted from an
application of force/pressure, such as using potentiometers or LVDTs to
measure the deflection of a spring

— measurement of the resistance change due to the deformation of
conductors, e.g., strain gauges

— measuring the electrical signal produced by the piezoelectric materials
upon deformation, e.g., piezoelectric load cell

Resistive strain gauges and piezoelectric materials can be incorporated into
the structures with different shapes to measure the force/pressure in
different conditions — load cell.



Resistive strain gauge consists of a conductor; of which the resistance changes
when it deforms upon an application of force/pressure.

Resistance of the conductor is determined by its dimensions and material,
depending on:

— material’s resistivity (p,)

— cross-sectional area (A)

— length (L)
ZL G) >
< >




As the conductor is stretched, L increases and A decreases, resulting
in an increase of R.

Compressing the wire has the opposite effect.
Thus, strain (OL/L) is converted to change in resistance.

Can be used to measure force without the use of moving mechanical
parts — strain gauge mounted on the structure where force is
applied, deformed as the structure is stretched or compress.

Strain gauges have small resistances and experience very small
resistance changes upon deformation .

Wheatstone bridge circuit is commonly used to condition a strain
gauge, producing the voltage output.



* Available as conductor (copper, etc.) traces printed on an insulator back
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Sensitive to strains in
the Axial direction

O
»

Much less sensitive to
strains in lateral
direction

Strain measurable by strain gauge is restricted to one direction.

General measurement problem involves strain in more than one

direction.

Three strain gauges arranged in different directions are used for a
three-dimensional strain measurement — strain gauge rosette.



Temperature Sensors

* Typical temperature sensors:
— thermocouple
— resistance temperature detector (RTD)
— thermistor
— solid state temperature sensor



Thermocouple

 Athermocouple is made by the joining of
two dissimilar metals.

* Operates based on the Seebeck effect — a
small voltage is generated when the
junction formed by the two dissimilar
metals is heated.
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Thermocouple Output

 The output voltage E of a simple thermocouple circuit is
usually written in the form

E=AT+ BT%/2 +CT3/3
 Tisthe temperature is degrees Celsius.

 FEis based on a reference junction temperature at 0 °C.
The constants A, B, and C are dependent on the
thermocouple material.



Type

Common Types of Thermocouple

Positive
Material

Pt, 30%Rh

Ni, 10%Cr

Fe

Ni, 10%Cr

Ni, 14%Cr
1.5%Si

Pt, 13%Rh

Pt, 10%Rh

Cu

Negative
Material

Pt, 6%Rh

Cu, 45%Ni

Cu, 45%Ni

Ni, 29%Al
2%6Mn
1%Si

Ni,
4.5%Si
0.1%Mg

Pt

Pt

Cu, 45%Ni

Accuracy

0.5%

0.5% or 1.7°C

0.75% or 2.2°C

0.75% or 2.2°C

0.75% or 2.2°C

0.25% or 1.5°C

0.25% or 1.5°C

0.75% or 1.0°C

Range °C

50 to 1820

—270 to 1000

—210 to 1200

-270to 1372

—270 to 1300

-50to 1768

-50to 1768

—270 to 400

Comments

Good at high temperatures, no
reference junction compensation
required.

General purpose, low and
medium temperatures

High temperature, reducing
environment

General purpose high
temperature, oxidizing
environment

Relatively new type as a superior
replacement for K Type.

Precision, high temperature

Precision, high temperature

Good general purpose, low
temperature, tolerant to
moisture.



Comparison between RTD and Thermocouple

e RTDs can be more accurate than
thermocouples

 RTDs have an output response that is more
inear than thermocouples

 RTDs tend to be more stable than
thermocouples (less change in response
over time)



Resistance Temperature Dependent (RTD)

O LM35 é um sensor de temperatura de estado sdlido encontrado em diversos tipos
de encapsulamentos com uma tensao de saida linearmente proporcional a
temperatura em graus Celsius.

Este sensor de temperatura produz um sinal de tensao que varia 10mV para cada
2C, sendo que ele é capaz de operar em uma escala de temperatura que pode
variar entre -552C até 1502C.

Encapsulamentos do LM35

NEB Package NDV Package D Package
3-PinTO-220 3-Pin TO-CAN 8-Pin SOIC
O L
i i Vour—] 1 8 |—+Vs
s )+Vs (3)GND N.C.— 2 7}-N.C.
N.C.—3 6 |—N.C.
GND— 4 5 —N.C.

N.C. = No connection .
+Vs! Vour

GND

Encapsulamentos do sensor LM35!




Bridge Circuits



Resistive sensors such as resistance temperature detectors (RTD) and strain gages
produce small percentage changes in resistance in response to a change in a physical

Bridge Circuit

variable such as temperature or force.

One technique for measuring resistance is to force a constant current through the
resistive sensor and measure the voltage output. This requires both an accurate

current source and an accurate means of measuring the voltage.

R4

R1

R1 Vv R2

THE WHEATSTONE BRIDGE
R3 VO -Ri1+Ra"B R2.R3'B
R1 R2

/QB

- R4 R3
+ =
v (12 RO1, 2|2
© R4 R3

AT BALANCE,

R1 R2

R2




Because very small resistance changes are common, the output voltage change
may be as small as tens of millivolts, even with Vg = 10 V (a typical excitation
voltage for a load cell application).

The deviation of the variable resistor(s) about the nominal value is proportional
to the quantity being measured, such as strain (in the case of a strain gage) or
temperature ( in the case of an RTD).

The sensitivity of a bridge is the ratio of the maximum expected change in the
output voltage to the excitation voltage. For instance, if V; = 10V, and the fullscale
bridge output is 10mV, then the sensitivity is 1mV/V.

Typical bridge sensitivites are 1ImV/V to 10mV/V. Although large excitation voltages
yield proportionally larger fullscale output voltages, they also result in higher power
dissipation and the possibility of sensor resistor self-heating errors. On the other
hand, low values of excitation voltage require more gain in the conditioning circuits
and increase the sensitivity to noise.

Regardless of its value, the stability of the excitation voltage or current directly
affects the overall accuracy of the bridge output. Stable references and/or
ratiometric techniques are required to maintain desired accuracy.



OUTPUT VOLTAGE AND LINEARITY ERROR FOR
CONSTANT VOLTAGE DRIVE BRIDGE CONFIGURATIONS

Vg

Vg

Vo: :I Vg |: v
Li it
o Y 0.5%/% 0.5%/% 0 0
(A) Single-Element (B) Two-Element  (C) Two-Element (D) All-Element
Varying Varying (1) Varying (2) Varying




OUTPUT VOLTAGE AND LINEARITY ERROR FOR
CONSTANT CURRENT DRIVE BRIDGE CONFIGURATIONS

Va:| IBR g AR g AR
o2 |:R + &TR:I 2 2
Error: 0.25%/% 0 0 0
(A) Single-Element (B) Two-Element (C) Two-Element (D) All-Element
Varying Varying (1) Varying (2) Varying




Bridge Circuit

Wheathstone Instrumentation
Bridge Amplifier
L
+V
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—
Rg % IN AMP — 0
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Bridge Circuit

LINEARIZING A SINGLE-ELEMENT VARYING BRIDGE
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Bridge Circuit

LINEARIZING A SINGLE-ELEMENT VARYING BRIDGE
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Comparadores
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Comparador Nao-Inversor
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Comparador Inversor
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Comparador
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Comparador Regenerativo
(Schmitt Trigger)

Regenerativo é sinbnimo de histerese (atraso).

Um circuito possui histerese quando apresenta atraso na mudanca do seu estado
de saida (EFEITO) apesar das condicdes de entrada (CAUSA) haverem sido
alteradas.
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Comparador Regenerativo Nao Inversor
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Comparador Regenerativo Inversor

L

R

VDS = RI +1R2 '(+Vsat)
R

Vpi = R, +1R2 '("Vsat)




Comparador Regenerativo Inversor
(com limitador de tensao)

Comparador Inversor Regenerativo - Limitador de Tens3o



Circuitos Integrados
Dedicados a Comparacao

A necessidade de comparacao de sinais, principalmente em sistemas de controle, levou fabricantes de
semicondutores a produzirem circuitos integrados dedicados a comparacdo, entre os quais se
destacam o LM33S e o LM311.

O comparador LM311

Se o projetista desejar mais velocidade de comutacao, o comparador recomandado € o LM311 (da
ordem de 200ns), tambem permite interface com circuitos logicos.

Y} ) P - - .

J circuito integrado:

Sao projetados para operar com fonte simetrica, tipicamente 15V ou assimetrica 5V, para interface
com sistemas logicos.

terra 01 Q 08 Alimentacaon positiva
Entrada ndo inversora 02 07 saida { coletor aberto )
Entrada inversora 03 iBE 06 Ajuste de offset e strobe
Alimentagdo negatrea 04 05 Ajuste de Off set

The temperature sensor LM35 used in the ME3200 Electronic Instrumentation Kit has
full-scale temperature sensitivity from 0 to 100° C and a resolution of 10 mV per
degree Celsius. In other words, the analog output voltage ranges from 0 to 1 V for
temperatures between 0 and 100° C.
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Oscilador em Rampa

Fonte de Corrente
de Wilson Modificada
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ME3200 Electronic Instrumentation Kit
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No Lab Sheet Objective Duration
. Measurement of Voltage and To perform basic measurement of voltage
I 3 Hours
Current and current
5 Measurement of Time-Dependent To study and measure time-dependent 3 Hours
Signals signals
3 Quality of Measurement 1 To study quality measurement 3 Hours
parameters
4 Quality of Measurement 2 To study quality measurement 3 Hours
parameters
5 Analog Signal Conditioning To under_stand the _b_am_c opgratl_on of 3 Hours
analog signal conditioning circuits
[§] Measurement of Digital Signals To study and measure digital signals 3 Hours
Introduction to Data Flow To understand the basics of data flow
7 ] ) : 3 Hours
Programming programming using VEE
8 Measurement Automation! To perform measurement automation 3 Hours

using VEE




Power Supply



Power on the ME3200 Electronic Instrumentation Kit

ME3200 Electronic

3V un

O B
GIND)

Power Supply

LS\
(GNID)

The ME3200 Electronic Instrumentation Kit requires two power supplies (+5 V and +9 V) in order
fo operate.

Tum on the power supply unit. Set the dual channel output voltages to exactly +5 V and +9 V,
respectively. Set both current limits to 1.0 A.

MNext, connect the power supply to the ME3200 Electronic Instrumentation Kit as shown in
Figure 2.




Measurement of

Digital Signals



SEL393- Laboratdrio de Instrumentac3o Eletronica |
Laboratory 2 — Signal Conditioning

2.1 Power On the ME3200 Electronic Instrumentation Kit

‘2 The ME3200 Electronic Instrumentation Kit requires two power supplies (+5 V and +9 V) in
order to operate.

2 Turn on the power supply unit. Set the dual channel output voltages to exactly +5 V and +9
V, respectively. Set both current limits to 1.0 A. After the power supply is configured, disable all the
power supply outputs. Next, connect the power supply to the ME3200 Electronic Instrumentation
Kit as shown in 2.1.

AR ===1
D
Power Supply
Y —
(GN D]

GND
Aoy |

LIGNT DEPENIENT RESIST!

Fig. 2.1 — Connections Between the Power Supply and the ME3200 Electronic Instrumentation Kit

3. Connect the +9V of the power supply output to test points TP1 and GND to TP3 of the
ME3200 Electronic Instrumentation Kit respectively.

4. Connect the +5V of the power supply output to the test points TP2 and GND to TP3 of the
ME3200 Electronic Instrumentation Kit respectively.

B Make sure that the polarities of the terminals are correctly connected. Refer to Table 2.1 to
verify your connections.

Table 2.1 — Connection Between the Power Supply and the ME3200
Electronic Instrumentation Kit

ME3200 Electronic Instrumentation Kit Power Supply Unit
+9V Terminal, TP1 +3V Terminal
GND Terminal, TP3 GND Terminal
+5V Terminal, TP2 +5V Terminal
GND Terminal, TP3 GND Terminal
6. After the connections are verified, enable the power supply outputs. The annunciators on

the display panel of the power supply should be turned on. This indicates that the power supply is
providing a constant voltage supply to the ME3200 Electronic Instrumentation Kit.

7. If the CC annunciator is on, disable the power supply output. Check if this is due to the
current limit setting or a faulty connection. Refer to your lab instructor for verification.
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2.2 Analog to Digital Conversion

(Introduction)

An analog-to-digital converter (ADC) is a device that converts continuous signals (analog
voltage) into discrete digital values that are proportional to the magnitude of the continuous
signals. The ADC is usually available as an integrated circuit. Fig.2. shows the electrical symbol for
an analog-to-digital converter (ADC).

Anglog Signal Digital Signal
Conlinuous in Discreda in
NiEne And magn Rae tirmne ang magitwdes

ot N\ pliA—[b)E sization]
ampilin uantization
Input - Qutput 1_]_|_|_

Fig.2.2 — Electrical Symbol for Analog-to-Digital Converter (ADC)

The operations of an ADC can be divided into two processes, which are sampling and
guantization. Sampling is done by a sample and hold circuit that will produce values at a
predefined sampling interval for digitization. Quantization is a process where the analog values at
discrete time intervals are converted into discrete binary values. During the gquantization process,
the ADC uses an integer value from a predefined and finite list of values in order to represent each
of the analog samples. Each of the integer value in the list represents a fraction of the full-scale
voltage range of the ADC.

The resolution of an ADC refers to the smallest change in voltage that the ADC able to
detect. It also refers to the wvoltage that is represented by one least significant bit (LSB) in the
converted digital value. Since the ADC generates a binary output that corresponds to a fraction of
its full-scale wvoltage range, Visg, the full-scale voltage range will depend on the reference voltage,
Vrer supplied to the ADC. For bipolar operation, the Vesg will depend on two reference voltage pins
on the ADC, which are Vs and Veer. However, for single-ended operation, there is only one
reference voltage pin on the ADC, which is Ve , while Vees- is grounded internally. Therefore, the
full scale voltage is as follows:

Bipolar Operation: Vese = Vrest — Virefo

Single-Ended Operation:  Vese = Vies

Another element that determines the resolution of an ADC will be the number of bits, N for
an ADC. An N-bit ADC can product 2™ possible output combinations, with 2" — 1 intervals between
two successive values. These values are in the range of M from 0 to 2 — 1 (unsigned integer).
Therefore, the resolution of an N-bit ADC is as follows:

x

"FsR
o= Y]
where Q is the resolution in volts per step

Vs is the full-scale voltage range
N is the number of bits for an ADC

For example, a 3-bit ADC with Vs = 8 V can convert an analog input to one in eight
different levels with seven intervals; the ADC voltage resolution is 8 V8 Steps = 1000 m\/step. The




converted digital output value can be interpreted by multiplying the voltage resolution with the
ADC digital output value,

-

.
Converted Voltage.lV,,,. = 2”"‘ x (ADC Digital Output Falue)

M

The ADC digital output value refers to the M™ step of the digital signal. By referring back to
the previous example, we can determine the converted voltage on the 5% step (M™ step) = 1000
mV/step X 5 = 5000 mV. This means that at the 5% step (in digital form as 101), the converted
voltage at that particular level is 5 V.

Fig. 2.3 shows the Analog-to-Digital Conversion module on the ME3200 Electronic
Instrumentation Kit. This module consists of three main portions, which are the 8-bit ADC
(ADCOS04LCN]), D-Type Flip-Flops/Latches (74HCT373N), and also the Digital Signal Display.

&-Bit Analog-To-Digital Converter D-Type Flip-Flops  Digital Signal Display

w
=5
B

L]
! Cioch Slgnad 1 L e i

i = [
| Analog = = [¥] ==
i nput [ . = - —
¥ —+ { ADCOB04LCN — (1
[ ¥
' = p— E  —
i v BB, | = | sLateha
i Wrai 0 Digital | v Dighal »
] Gnd routputs | ol o Oubputs ¢

TEHEEEEEE S EEEEEEEEEEEE S EE o - s osom T - EEE e EEE &

Fig. 2.3 — Analog to Digital Conversion Module on the ME3200 Electronic Instrumentation Kit

The B-Bit ADC converts the analog input, and outputs it as 8 bits digital signal. The D-
Type Flip-Flops latch the & bits data and sends the data to the LED display driver (ULN2B03APG) in
order to display the digital signal through the LEDs.

The LED DO and LED D7 represent the least significant bit {LSB) and most significant bit
{MSB) of the converted digital signal respectively. The LEDs are turned on (set to high) to display
the particular bits for the digital signal. Fig. 2.3 shows that the D-type Flip-Flops latch the
converted digital signal 1101 0011, and LEDs DO, D1, D3, D6, and D7 are turned on in order to
represent the digital signal.




2.2 Analog to Digital Conversion

(Measurement of the Digital Signal)

1 18 Fig. 2. shows the 8-Bit ADC (U3) and D-Type Flip-Flops/Latches (U4) on the ME3200
Electronic Instrumentation Kit. An analog input signal is fed into the input of ADC in order to
perform analog to digital conversion. The converted digital signal is latched by the D-Type Flip-
Flops/Latches. The signal can be latched either manually (by pressing the push button, PB2) or
automatically, according to the position of the jumper J28. The latched digital signal is displayed by
the LEDs as shown in Fig. 2.. The ADC can be reset by pressing the push button, PB1.

D-TYPL FLIP-FLOPSAATCHES

Fig. 2.4 — ADC and D-Type Flip-Flops/Latches on the ME3200 Electronic Instrumentation Kit

2: Connect the jumper J28 to positions 1 and 2 as shown in Fig. 2.5. This will allow you to
latch the converted digital signal manually by pressing the push button PB2.

78 (|o ojo

Fig. 2.5 — Position of the Jumper 127

3. Connect all jumpers from J20 to J27 as shown in Fig. 2. if they are not yet connected. This
will allow the converted digital signal to be latched by the D-Type Flip-Flops/Latches.

4. Enable the power supply outputs.

5. Connect the red probe and black probe of function generator to the IN8 terminal (TP33)
and the GND terminal (TP34) respectively as shown in Fig. 2..

Genenator,

Fig. 2.6 — Connections Between the Function Generator and the ADC




O gerador de sinal de um osciloscépio digital utilizando tensdes DC pode ser
utilizado para avaliar o conversor AD.

- AgilentTechnologies  InfiniiVision ~ MSOX 2002A

1 100V 2 S00v/

Signal Generator




6.

From the function generator, you can select the DC Volts feature and set the desired

constant dc voltage as an analog signal to the ADC.

7.

Calculate the voltage resolution, Q (Vaolt/Step) of the ADC if it is a single-ended operation

with the Vref =5 V and it is an 8-bit ADC.

8.

Press the push button, PB2 on the D-Type Flip-Flops/Latches in order to latch the digital

signal and output it to the LEDs.

9.

Ohbserve and record the display of LEDs in Erro! Fonte de referéncia ndo encontrada. 1. This

is the converted digital signal.

10 Complete Erro! Fonte de referéncia ndo encontrada..
Table 2.1 — Results of Measurements
Displayed Digital Signal on LEDs

- Converted Voltage, Vaoe (V) Converted Voltage, Viaze [V)

St2p | (Voltage Resolution = M= Step) "*}m':m&”* D7 | D6 | D5 |04 | D3 | D2 | D4
] 0 0 o|lo|lo|o|lo|olo
1 0.0186 0 o|o|oD 0
2 00302
3 0.0588
4 0.0784
5 0.0860
& 0.1178
7 0.1372
] 0.1568
a 0.1764
10 0.1960
1 0.2156
1z 0.2352
13 0.2545
14 0.2744
15 0.2840
16 0.3136
3z 0.8272
B4 1.2544

128 2 5005

255 4 5980

On (High)=1 Off (Low)=0




Light Sensor
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Fig. 2.8 — Wheatstone Bridge Amplifier
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O ramo da ponte onde esta o sensor tem uma
resisténcia R(1+ 8). Um resistor Rg = 10kQ esta
em série com o LDR e deve ser considerado no

calculo de 6:

R5 + RLDR - R(l + 5)

RLDR
* 6 = R
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BRIDGE AMPLIFIER

1 = Slowly adjust the potentiometer (VR1) knob in the counter-clockwise direction until
the voltage reading at test point OUT8 (TP25) increases to 0.5 V.
OBS: Os valores medidos nos kits sao: 0.49V,0.5Vv,0,91V,0.44V,0.55V,0.491V,1V, 0.64 V.
(tolerancia dos componentes utilizados na ponte de Wheatstone)

Remove both wire connections from test point OUT2 (TP10) to test point IN5 (TP22)
and test point OUT4 (TP12) to test point IN6 (TP23).

3 Measure and record the resistance across the photo-resistor (LDR1).

4 Calculate the output voltage (Vg )
S

R R
6= LDR * Vout = Vref (E) (Er)

R

5 | Compare the calculated output voltage V, ; from the measured voltage reading in step 4.

6 Repeat the same procedures for1.0V,1.5V,2.0V, 2.5V, and 3.0 V.



Light Detection Circuit With a Relay Circuit
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Light Detection Circuit with a Buzzer Circuit




Temperature Sensor



The temperature sensor LM35 used in the ME3200 Electronic Instrumentation Kit has
full-scale temperature sensitivity from 0 to 100° C and a resolution of 10 mV per

degree Celsius. In other words, the analog output voltage ranges from 0 to 1 V for
temperatures between 0 and 100° C.

Power Supply
(E3631A)

Or equivalent

1w aw

¥ +9V TP

T GND TP3

ouTs

Analgg:\Tq-l).i.éTﬁl
Converter.

R14

GND




2 Connect the +1V terminal of the power supply output to test points IN7 (TP28).

Adjust the potentiometer (VR2) knob to the fully clockwise position so that VR2
becomes 0 Q, and hence, the gain factor of the amplifier becomes unity.

3 = Slowly adjust the potentiometer (VR2) knob in counter-clockwise direction until the
voltage reading at test point OUT9 (TP31) becomes 5 V.



4 A maxima tensao de saida do amplificador é 5V (ou 11111111 em formato binario que
corresponde a 256) o que corresponde a uma temperatura de 100°C. Se um valor digital
da tensdao for lida, por exemplo 10000000 (ou 128), qual é a temperatura
correspondente ?

A temperatura é calculada usando a linearidade entre a tensao de saida do
amplificador medida analogicamente ou digitalmente:

5V —— 100°C 256 —* 100°C
Viedida = T Valor digital da tensdao medida = T

A temperatura também pode ser calculada pela divisao da tensdo na entrada do

amplificador pela sensibilidade do sensor. Exemplo, se V442 = 2,5V, entao

T =V, ads / S€Nsibilidade = (V,.4iga/5) / (10 mV/°C)




Temperature Alarme System
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