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Abstract

Distance sensor. Ref. GP2Y0A021YK

This paper presents the design and implementation of a test
system for analog and digital sensors using the programmable
system PSoC (Programmable System on Chip) manufactured
by the company Cypress Semiconductor since 2002. Each
sensor is tested operation in accordance with its
characteristics, voltage measurement for analog sensors or
data reading for the case of digital sensors, this test will
determine whether or not the sensor is operating properly, the
value measured by the sensor should be shown on the LCD
and the final result of the test. The purpose of this document is
to show the great utility of the unique reconfiguration feature
of the PSoC5LP system.

Pressure sensor Ref. MPXV5004DP
Current sensor Ref. ACS714ELC
Digital compass. CMPS10.

THEORETICAL FUNDAMENT
Humidity
Humidity is a natural phenomenon, which occurs at a
molecular level and is basically related to the amount of water
molecules present in a certain substance, which can be in solid
or gaseous state.

Keywords: PSoC, Digital compass, Hall Effect sensor,
Distance sensor, Humidity sensor

Although the degree of concentration of water in the
environment does not influence the normal life of a human
being (except in comfort), we know that it is relevant for
certain processes, whether chemical, physical or biological.
Therefore, scientists have been involved in the subject, given
the need to develop a substantial knowledge of the
phenomenon, in order to incorporate it and relate it to the
relevant processes, and thus obtain some benefit from it.

INTRODUCTION
A sensor is an electrical and/or mechanical device that
converts physical magnitudes (light, magnetism, pressure,
etc.) into measurable values of that magnitude. This is done in
three phases:
•
•

•

A humidity sensor it measures the amount of water vapor
contained in the air, at any given time, usually less than
necessary to saturate the air. Relative humidity is the
percentage of saturation humidity, which is usually calculated
in relation to saturation vapor density [1].

A physical phenomenon to be measured is captured by a
sensor, and shown in its output an electrical signal
dependent on the value of the physical variable.
The sensor has a circuitry that transforms and/or amplifies
the electrical signal and this is modified by a signal
conditioning system, to generate an output that is normally
voltage.
When the sensor output signal is digital, internally the
electrical signal goes to an A/D converter which transforms
the DC voltage signal into a discrete signal.

𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝐻𝑢𝑚𝑖𝑑𝑖𝑡𝑦 =

𝑎𝑐𝑡𝑢𝑎𝑙 𝑣𝑎𝑝𝑜𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦
𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑣𝑎𝑝𝑜𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦

𝑥100%

(1)

The most common unit of vapor density is gm / m3. For
example, if the current vapor density is 10 g / m3 at 20 ° C
compared to the saturation vapor density at that temperature of
17.3 g / m3, then the relative humidity is shown in equation
(2).

This document shows the design of an analog and digital
sensor test system using a PsoC5LP. The system includes a
keyboard that allows to select by means of a menu shown on
an LCD the sensor to which the test will be performed. Each
sensor is tested according to its characteristics, this test
determines if the sensor is operating properly or not, the LCD
also shows the value measured by the sensor and the final
result of the test.

𝑅. 𝐻. =

10𝑔⁄𝑚3
17.3 𝑔⁄𝑚3

𝑥100% = 57.8%

(2)

Hall Effect
Hall Effect sensors are those that base their operation on the
principle of interaction between magnetic fields and electric
charges, that is, they vary the potential difference in a
conductive or semiconductor material when traversed by a
magnetic field.

The sensors to which the test can be performed are the
following:
Humidity sensor. Ref. HIH-4000-002
Hall Effect analog sensor. Ref. A3112 / A3212

The signals they provide can be both analogue and digital, so
they are widely used as binary switches. Among its most
important applications it can be find limit switches, presence

Digital Hall Effect sensor. Ref. OH090U
Light sensor. Ref. GA1A2S100SS
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detectors, position detectors in assembly lines, angular
measurement, vehicle ABS systems, etc.

by traditional electrical contacts, Hall effect sensors are found
in the encoder of a CD motor, Hall Effect (HET) motors are
plasma accelerators of great efficiency

The Hall effect was discovered in the year 1879 and it is
manifested in a way that when between two points of a
conductor exists the same voltage, at placing it in an external
magnetic field (B) a voltage difference (VH) appears which is
proportional to the current and the induction of the external
magnetic field (Figure 1). That is why they are widely used to
measure magnetic fields and electric currents [2].

Environmental light sensor
The environmental light sensor is composed of photodiodes
(Figure 2), the photodiode is an electronic device that responds
to the change in light intensity, the photodiodes generate a
small current proportional to the level of illumination they
receive [2].

The Hall Effect sensors allow to measure the mobility of an
electrically charged particle (electrons, gaps, etc.), magnetic
fields (teslameters), the intensity of electrical currents (Hall
effect current sensors), allow the elaboration of sensors or
detectors of contactless position, used particularly in the car,
to detect the position of a rotating shaft (camshaft, gearbox,
pallets, etc.), there are also Hall effect sensors under the keys
of the keypads of the instruments of modern music (organs,
digital organs, synthesizers) thus avoiding the wear suffered

The light sensors have applications in circuits of automatic
attention, Automation of equipment of office, tactile panels,
audiovisual equipment and equipment for home.

Figure 1. Hall Effect [2]

Figure 2. Environmental light sensor [3]
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Applications of this type of sensors are: motor pump control,
robotics, level indicators, barometers, altimeters, etc.

Infrared distance measuring sensor
Infrared sensors are photoelectric devices, emitters and
receivers, whose working spectrum is in the infrared
wavelength, between 700 and 900 nanometers. They usually
associate an emission-reception modulation [2]. Figure 3
shows a model of the operation of an infrared distance
measuring sensor.

Magnetic solid state compass
The main component within solid-state compasses is the
Earth's magnetic field sensor. There is a good number of
sensor classes of this type, but due to the extensive and
complex nature of this topic, this document is limited to giving
a brief description of two classes of these sensors, the MR.
(Magneto-Resistive) and MI (Magneto-Inductive).
The MR sensors are based on the magneto-resistive effect,
which occurs in ferro-magnetic transition metals. In these
materials, the electrical resistance is a function of the angle
between the electric current and the direction of
magnetization. Then, if an external magnetic field changes the
direction of the magnetization, the electrical resistance also,
allowing these materials to be used as transducers in the
magnetic sensors [5].
MI sensors use a solenoid for each axis, this coil serves as an
inductive element in a simple LR oscillator. The inductance of
this coil is influenced by the magnetic field component parallel
to the axis of the coil. Then, the oscillation frequency changes
with the magnetic field, which also allows them to be used as
transducers in the magnetic sensors [6].

Figure 3. Functioning model of the sensor IR [4]

Pressure sensor
To measure the pressure, sensors equipped with a specific
element sensitive to pressure are used, which provides an
electrical signal when pressure changes, as well as a transducer
or conditioning element that make easier the measurement of
the deformation produced [2].

DEVELOPMENT AND PROGRAMMING
For the development of the project, the recommendations
given in connection issues were followed, for which a single
pin was configured to read the sensors, in this pin a 10-bit
ADC was configured [7] (Figure 4).

The value of the pressure is measured according to certain
parameters, such as the differential pressure, which is: the
measured pressure that represents the difference between two
absolute pressures (P1-P2).

Figure 4. ADC configuration window
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In order to obtain a more stable data from the ADC in most of
the sensors, a sample of 60 samples is taken first and this is the
average value that will be used to establish the value of the
physical unit measured.

Table 1. Values for calculating the characteristic equation of
the sensor
Value Humidity Value in volts Value in Bits
Relative (%) (y axis)
(x axis)
Point 1
0
0.826
169
Point 2
58
2.27
466

Humidity sensor HIH-4000
It is a sensor whose manufacturer is Honeywell, reviewing the
user manual you get the response presented by this sensor in
Figure 5.

Replacing the values of Table 1 in the characteristic equation
of the straight line, the one shown in equation (3) is obtained.

As it is observed the output is linear, but it presents a variation
in the slope of the line which depends on the ambient
temperature on which the sensor is located. The Multifunction
Environment Meter CEM-DT8820, which measures between
25% RH to 95% RH with 0.1% RH resolution and fast time
response, was used to make an optimal characterization of the
sensor response.

𝑦=

58
297

(𝑥 − 169)

(3)

Because the PSoC is more efficient working with whole
numbers than with decimals, it is not simplified (3) is the
equation that will be used to find the relative humidity (y)
according to the value given by the ADC when measuring the
humidity sensor (x).
The code used in the PSoC is shown in Figure 6, where the
operation used to calculates the relative humidity value is
highlighted:

Figure 5. Humidity sensor response HIH-4000 [8]

Then it proceeded to perform the respective measurement of
the ambient humidity present in the place where the
characterization was being done. Once the measurement was
stabilized, the measurement given by the standard equipment
which marked 58% of relative humidity was noted, on the
other hand, the output voltage of the sensor was measured,
which gave a value of 2.27V. This would be a point of the line,
but to be able to generate the respective equation, it is
necessary to have 2 points. For the other point, the 0%
humidity value was taken as reference, which is almost the
same for the different temperatures and which according to the
user manual is 0.826V.

Figure 6. Code implemented in the PSoC5LP to test the
temperature sensor

Analog Hall Effect Sensor

Now, with the two points it can be find the equation of the line,
but before using the equation inside the PSoC, the voltage
values have to be passed to their value in bits. As the ADC was
set to 10 bits and from 0 to 5V this gives a value of 4.8828mV
per bit, using these values the points to find the equation are
presented in Table 1.

For this sensor the user manual was also used as a reference to
find the equation corresponding to the response given by the
sensor, the data obtained can be seen in Table 2. In this case,
there was no equipment that could serve as a reference for the
measures given, for which only the information found in the
user manual was used.
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Table 2. Values for calculating the characteristic equation of
the Hall Effect sensor
Value in Gauss
(y axis)
Point 1
0
Point 2
1000

Value in volts
2.5
4

Light sensor GA1A2S100SS
Unlike the other sensors so far worked, the response of this
sensor is not linear but logarithmic as shown in Figure 2.

Value in Bits
(x axis)
511
819

Having the graph as a reference, it was proceeded to
characterize the sensor. For this work, an incandescent light
bulb was used as a light source and to control the amount of
light incident on the sensor, a dark tube was used where the
sensor was on one end and the bulb was inserted on the other
and the depth of the light was controlled light bulb could vary
the incident light on the sensor. Additionally, in order to check
the reading generated by the light sensor, the Multifunction
Environment Meter CEM-DT8220 was used, which also
allows the measurement of lumens.

Replacing the values of Table 2 in the characteristic equation
of the straight line, the equation (4) is obtained.
𝑦=

1000
307

(𝑥 − 512)

(4)

It is proposed to use the successive straight lines method, for
which the whole curve was modeled as a sum of small lines
and in this way the simplest calculation is made for the PSoC,
the data obtained can be seen in Table 3.

The code that was used in the PSoC is shown in
Figure 7, where the operation that calculates the value
measured by the Analog Hall Effect sensor is highlighted:

Table 3. Data measured by CEM-DT8220 meter
Lumens(y)

Bits(x)

Lumens(y)

Bits(x)

710

50

6340

450

1300

100

6810

500

1930

150

7540

550

2600

200

8220

600

3230

250

9800

650

3960

300

10530

700

4640

350

11620

750

5310

400

20000

770

Once the table was obtained, the system implementation that
calculates the value in lumens of any measured value was done
by first placing the measured value within some of the values
in previously given bits and then using the data of the front and
back border values and using the equation of the line for two
points obtains a value quite approximate to the real value.

Figure 7. Code implemented in the PSoC5LP to test the
analog Hall Effect sensor

The implemented code can be seen in Figure 8.
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Figure 8. Code implemented in the PSoC5LP to test the light sensor

Table 4. Distance data measured

Distance sensor
This sensor, like the light sensor, is not linear, but has a
logarithmic curve in its response. Taking into account the
previous experience, the same procedure was carried out for
the characterization. A metric tape was used as a measure
pattern on a table, which had values marked in centimeters.
The sensor was placed on one end and on the other a board on
which the beam of light should bounce. For this
characterization, he used the PSoC to throw the value into bits.
The result can be seen in Table 4.

Distance in
mm(y)
150
200
250
300
350
400
450
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Bits (x)
556
506
446
391
339
229
265

Distance in
mm(y)
500
550
600
650
700
750
800

Bits (x)
241
219
203
190
173
166
159
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In this way the curve is characterized as a succession of lines
making the code much more efficient for the PSoC. The final
code implemented in the PSoC using the previous logic is
shown in Figure 9.

Figure 9. Code implemented in the PSoC5LP to test the distance sensor

As you can see, his answer is linear and almost invariable. To
find the equation of the line, the same procedure was used as
in the previous sensors. Two reference points shown in Table
5 were determined.

Pressure sensor
For this sensor, the graph given by the manufacturer in the user
manual was also used, which can be seen in Figure 10.

Table 5. Values for calculating the characteristic equation of
the pressure sensor
Value in Pa

Value in
Bits

(y axis)

Value in
Volts

Punto 1

0

1

204

Punto 2

3000

4

819

(x axis)

By replacing the values of Table 5 in the characteristic
equation of the straight line, the one shown in equation (5) is
obtained.
𝑦=

Figure 10. Response of the pressure sensor MPXV5004 [9]
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The same procedure was followed as in the case of the
previous sensors for the implementation of the code in the
PSoC5LP.

Command Name
0x22

Compass sensor or electronic compass CMPS10
Unlike the other sensors, this is a completely digital sensor, so
its implementation could not be the same as that of the other
sensors. According to the user manual given by the
manufacturer, this sensor can work in 3 different ways: UART,
I2C or PWM. For this case the sensor was used in the UART
mode, since its implementation is the simplest and gives a
better precision than using the PWM method.

0x23

0x31

Following the recommendations in the user manual, a UART
block (serial port) was set on the PSoC5LP at 9600 baud, 8
data bits and 2 stop bits as shown in Figure 11.

Bytes Returned data
returned description
GET ACCEL
6
Raw accelerometer
RAW
data, 16 bit signed: X
high, X low, Y high,
Y low, Z high, Z low
GET ALL
4
angle high, angle low
(0-3600), pitch (+/- 085), roll (+/- 0-85)
CALIBRATE
1
returns ok (0x55)
EN1

0x45

CALIBRATE
EN2

1

returns ok (0x55)

0x5A

CALIBRATE
EN3

1

returns ok (0x55)

0x5E
0x6A
0x7C
0x81
0xA0
0xA1

CALIBRATE
RESTORE 1
RESTORE 2
RESTORE 3
BAUD 19200
BAUD 38400

1
1
1
1
1
1

returns ok (0x55)
returns ok (0x55)
returns ok (0x55)
returns ok (0x55)
returns ok (0x55)
returns ok (0x55)

For this case, the 0x13 command was used, which returns the
value of the angle measured as a 16-bit number. It must be
taken into account that this angle, although it is given in
degrees, the system sends it with an accuracy of 0.1 degrees,
so a value of 1786 must be interpreted as 178.6°.
Having this clear in the code implementation it must be send
the command 0x13 and wait for 2 bytes of response, then
convert these two bytes to the value in degrees with their
respective decimals. So the implementation of the code can be
seen in Figure 12.

Figure 11. Configuration of the UART block of the
PSoC5LP

The commands that it supports in the UART mode of this
sensor are presented in Table 6.
Table 6. Commands supported by the electronic compass
CMPS10 in UART mode [10]
Command Name
0x11
0x12
0x13
0x14
0x15
0x21

GET
VERSION
GET ANGLE
8 BIT
GET ANGLE
16 BIT
GET PITCH
GET ROLL
GET
RAW

MAG

Bytes Returned data
returned description
1
Software version
1
2
1
1
6

Angle as a single byte
0-255
Angle as two bytes,
high byte first 0-3600
Pitch angle +/- 0-85°
Roll angle +/- 0-85°
Raw magnetic data,
16 bit signed: X high,
X low, Y high, Y low,
Z high, Z low

Figure 12. Code implemented in the PSoC5LP to test the
electronic compass CMPS10
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CONCLUSIONS
It could be seen that currently sensor manufacturers have been
careful to achieve a linear output and many times compensated
in temperature, which makes it much easier to work in
embedded systems.
The sensors that are not linear can be used techniques such as
successive lines that are simple to implement and at the same
time are friendly to work in embedded systems.
In order to obtain a better characterization of the sensors it is
essential to have a measurement pattern that generates a stable
environment, in some sensors it is easy to achieve, but others
such as humidity and magnetic field, achieving that controlled
environment is quite complex.
The use of sensors is undoubtedly an important part of most
electronic developments, as these are what will allow the
embedded system to know what is happening around it and to
take the corresponding actions in this regard.
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