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Abstract—In our day-to-day life several sensors are used in various electronic devices and machines. Consider the mobile 

phone typically used electronic gadget, brought the benefits of combined multi-sensor technology. Thus, application of different 

types of sensors facilitated numerous advantages and sensor usage in daily is rapidly growing with the growth of advancement 

in sensor technology. The significance of sensor technology is constantly growing. Sensors allow us to monitor our 

surroundings. New sensor applications are being identified everyday which broadens the scope of the technology and expands 

its impact on everyday life. Generally with the emerging trends in the microcontroller like Arduino the effect of the application 

had became easy for sensor measurement. Here it was introduced in curriculum about different sensor applications like Soil 

moisture sensor, Ultrasonic sensor, MQ-7 CO detector, Bluetooth etc. Thus, filling the gap between the industry and academia. 
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I. INTRODUCTION 

 
Here, with the growth sensors usage in our day to day life, and in order to fill the gap between the industry and 

academia, a new course was introduced in curriculum. These make a base to the students on the questions How it 

works, what is the principle involved in it etc. Thus, provides a bridge between the industry and academia. Here few 

sensors applications are presented, that come across in real world. For description of measurement systems the 

words ‘sensor’ and ‘transducer’ both are widely used. The former is popular in the USA whereas the latter has been 

used in Europe for many years. The word ‘sensor’ means 'to perceive' and the word 'transducer' is 'to lead scross'. 

According to dictionary 'sensor' is `a device that detects a change in a physical stimulus and turns it into a signal 

which can be measured or recorded; a 'transducer' is 'a device that transfers power from one system to another in the 

same or in the different form’. A 'sensor' is used for sensing element and 'transducer' for the sensing element plus 

any associated circuitry [1]. All transducers would thus contain a sensor and   most sensors would also be 

transducers [2].  

 

 
Fig1. The Sensing process 
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Fig.1 shows the sensing process in terms of energy conversion. The form of the output signal will often be a voltage 

analogous to the input signal, though sometimes it may be a wave form whose frequency is proportional to the input 

or a pulse train containing the information in some other form. 

 
 

II. SENSOR CLASSIFICATION 

 
Sensor classification schemes range from very simple to the complex [3]. One good way to look at a sensor is to 

consider all of its properties, such as stimulus, specifications, physical phenomenon, conversion mechanism, 

material and application field 

Table 1 Stimulus 

Stimulus 

Acoustic Wave(amplitude, Phase, 

Polarization),Spectrum, Wave Velocity 

Electric Charge, Current, Potential, Voltage, 

Electric field(amplitude, Phase, 

Polarization & spectrum), Conductivity and 

Permittivity 

Magnetic Magnetic field (amplitude, Phase, 

Polarization & spectrum),Magnetic flux, 

Permeability 

Optical Wave(amplitude, Phase, Polarization & 

spectrum),Wave velocity, Refractive index, 

Emissivity, Reflectivity, Aborption 

Thermal Temperature, Flux, Specific heat, Thermal 

Conductivity 

Mechanical Position(linear, angular), Acceleration, 

Force, Stress, Pressure, Strain, Mass, 

Density, Moment, Torque, Shape, 

Roughness, Orientation, Stiffness, 

Compliance, Crystallinity, Structural 

 
For machine tools, sensor's conversion phenomena are mainly physical phenomena such as thermoelectric, 

photoelectric, photomagnetic, electromagnetic, magnetoelectric, thermoelastic, thermomagnetic, thermooptic, 

photoelastic, and so on[4]-[6]. Stimulus is shown in Table 1. 

 

III. EASE OF STUDY 
A. Soil Moisture Sensor 

 

Automatic Watering of Plants using Soil Moisture Sensor is shown in Fig,2 uses Arduino board, which consists of 

atmega328 Microcontroller and driver LM-393. It is programmed in such a way that it will sense the moisture level 

of the plants and supply the water if required.   
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Fig.2 Soil Moisture Sensor 

  
 Soil moisture sensor measures the volumetric water content in the soil.   

 

B.Ultrasonic Sensor 

The ultrasonic sensor measures the distance between nearby objects via sensors located in the front and/or rear 

bumper fascias or visually minimized within adjacent grills or recesses shown in Fig.3. 

 
Fig.3 Ultrasonic Sensor 

 
The Trig pin is used to send the signal and the Echo pin is  used to listen for returning signal. Ultrasonic sensor is the 

most suitable for obstacle detection and it is of low cost and has high ranging capability. 

 

C.MQ-7 CO detector 

This sensor is used for sensing the carbon monoxide content in the atmosphere. The MQ-7 CO sensor shown in Fig 

4. can detect CO-gas concentrations anywhere from 20 to 2000 ppm.  

 
 

Fig.4 MQ-7 CO detector 
 

The four leads of the sensor  are +5V, AOUT, DOUT, and GND.The +5V and GND leads establishes power for the 

alcohol sensor.The other 2 leads are AOUT (analog output) and DOUT (digital output). The sensor works as the 

terminal AOUT gives an analog voltage output in proportion to the amount of carbon monoxide the sensor detects. 

The more CO it detects, the greater the analog voltage. If the analog voltage reaches a certain threshold, it will send 

the digital pin DOUT high. Once this DOUT pin goes high, the arduino will detect this and will trigger the LED to 

turn on, signalling that the CO threshold has been reached and is now over the limit. 
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D.Bluetooth 

 This is used for transmitting and receiving the data. It contains 4 pins as shown in the Fig.5. They are 

VCC,GND,TX,RX. VCC,GND is used for giving the input voltage to the Bluetooth. TX,RX is used for Transmitting 

and Receiving the data. 

 
Fig.5 Bluetooth 

 
  

IV.  CASE STUDIES 

  
A. Automatic Watering of Plants using Soil Moisture Sensor 

Based on the sensor application the case studies are carried out using the open source software Arduino[7]. A soil 

moisture probe is made up of multiple soil moisture sensors. The soil moisture sensor uses capacitance to measure 

the water content of soil (by measuring the dielectric permittivity of the soil, which is a function of the water 

content). Soil moisture sensors measure the volumetric water content indirectly by using some other property of the 

soil, such as electrical resistance, dielectric constant, or interaction with neutrons, as a proxy for the moisture content.  

Simply insert this rugged sensor into the soil to be tested, and the volumetric water content of the soil is reported in 

percent.the connection cirsuite is shown in Fig.6  

 
Fig. 6 Automatic Watering of Plants using Soil Moisture Sensor 

   
Connect the circuit as shown in Fig.6. Place the soil moisture sensor in the soil and the submersible ac water pump 

in the water. Upload the program. After uploading, switch on the submersible AC water pump.If the moisture in the 

soil is less than the given moisture level the relay sends a signal to the pump and hence the pump starts working and 

when the moisture level in the soil is reached upto the given moisture level then the relay sends a signal to the pump 

to stop.  
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Fig.7 Hardware setupfor Automatic Watering of Plants using Soil Moisture Sensor 

   

 
Fig.8 Output of Automatic Watering of Plants using Soil Moisture Sensor on serial monitor 

 

Therefore the pump stops. The serial monitor screen shows the value of moisture level in the soil. Hence the 

automatic watering of plants is done using soil moisture sensor, relay module and submersible ac water pump. The 

total  hardware set up with the output is shown in Fig7 and Fig.8.  

 

B. Arduino based  Radar System 

The Uno board can be powered via the USB connection or with an external power supply. The power source is 

selected automatically. External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery 

as shown in Fig.9. The adapter can be connected by plugging a 2.1mm center-positive plug into the board's power 

jack. Leads from a battery can be inserted in the GND and Vin pin headers of the POWER connector.  

  

 
Fig.9 Arduino based  Radar System 
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The board can operate on an external supply from 6 to 20 volts. If supplied with less than 7V, however, the 5V pin 

may supply less than five volts and the board may become unstable. If using more than 12V, the voltage regulator 

may overheat and damage the board. The recommended range is 7 to 12 volts.  

 

 
Fig.10 Hardware setup for Arduino based  Radar System 

 

Each of the 14 digital pins on the Uno can be used as an inputor output, using pinMode(), digitalWrite(), and 

digitalRead() functions. They operate at 5 volts. Each pin can provide or receive 20 mA as recommended operating 

condition and has an internal pull-up resistor (disconnected by default) of 20-50k ohm.  

 

. 

Fig.11 Output of Arduino based  Radar System 

 

• Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. These pins are 

connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip. 

• External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a rising or 

falling edge, or a change in value. See the attachInterrupt() function for details. 

• PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the analogWrite() function. 

• SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication using the SPI 

library. 

• LED: 13. There is a built-in LED driven by digital pin 13. When the pin is HIGH value, the LED is on, 

when the pin is LOW, it's off. 

• TWI: A4 or SDA pin and A5 or SCL pin. Support TWI communication using the Wire library. 

• AREF. Reference voltage for the analog inputs. Used with analogReference(). 
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• Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields 

which block the one on the board. 

A maximum of 40mA is the value that must not be exceeded on any I/O pin to avoid permanent damage to the 

microcontroller.The hardware unit and the output in the processing window is shown in Fig 10 and Fig. 11. 

 

C.Reverse Car Parking System using Ultrasonic Sensor. 

The sensors emit acoustic pulses, with a control unit measuring the return interval of each reflected signal and 

calculating object distances. The system in turns warns the driver with acoustic tones, the frequency indicating 

object distance, with faster tones indicating closer proximity and a continuous tone indicating a minimal pre- defined 

distance. 

 
Fig.12 Reverse Car Parking System using Ultrasonic Sensor 

 

Systems may also include visual aids, such as LED or LCD readouts to indicate object distance. A vehicle may 

include a vehicle pictogram on the car's infotainment screen, with a representation of the nearby objects as coloured 

blocks as shown in Fig 12.Parking sensors are proximity sensors for road vehicles designed to alert the driver to 

obstacles while parking. These systems, which use either electromagnetic or ultrasonic sensors, are marketed 

variously by vehicle manufacturers under proprietary brand names such as Park Distance Control, Park Assist, 

Parktronic or EPS.These systems feature ultrasonic proximity detectors to measure the distances to nearby objects 

via sensors located in the front and/or rear bumper fascias or visually minimized within adjacent grills or recesses. 

 

D.Obstacle Avoidance Robotic Vehicle 

The obstacle avoidance robotic vehicle uses ultrasonic sensors for its movements. Arduino is used to achieve the 

desired operation. The motors are connected through motor driver IC to arduino. The ultrasonic sensor is attached in 

front of the robot as shown in Fig.13. 

 

Whenever the robot is going on the desired path the ultrasonic sensor transmits the ultrasonic waves continuously 

from its sensor head. When an obstacle comes ahead of it the ultrasonic waves are reflected back from an object and 

the information is passed to the Arduino . The arduino controls the motors left, right, front based on ultrasonic 

signals. 
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Fig.13 Obstacle Avoidance Robotic Vehicle 

 

In motor driver circuit L293D is used as shown in Fig 14, which is a  16 pin IC. The pin configuration for  L293D  is 

Since we are using a motor driver circuit L293D connections are internally connected.  

 

 
Fig.14 IC L293D 

 

Motor 1 input pins are connected to 3,4 of Arduino and Motor 2 input pins are connected to 8,9 of Arduino. Motor 1 

output pins are connected to left motor and motor 2 output pins are connected to right motor.Vcc is given to 5v 

ofarduino pins. Negative terminal is connected to ground pin of Arduino.  

Ultrasonic sensor has 4 pins.  

� They are Vcc, trigpin, echopin , ground. 

� Vcc is given to 5v pin of Arduino. 

� Trigpin is connected to 13 pin of Arduino. 

� Echopin is connected to 12 pin of Arduino. 

� Ground to ground pin of Arduino. 
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.  
Fig.15 Hardware of Obstacle Avoidance Robotic Vehicle 

 

When the external supply is given to the Arduino the robot starts moving. Whenever obstacle is detected by the 

ultrasonic sensor within 25 cms ,Arduino controls the robot with the dc motors attached to it The robot turns left to 

an angle and then moves forward. In that direction if an obstacle is detected then it moves left and goes forward and 

so on. The Hardware of Obstacle Avoidance Robotic Vehicle as shown in Fig 15. 

 

D.Smoke Detector and Communication through Bluetooth using Arduino 

The smoke (carbon monoxide) content in the atmosphere is detected and communicated through Bluetooth by using 

an Arduino UNO.The circuit connections are shown in Fig 16. 

 
 

Fig.16 Smoke Detector and Communication through Bluetooth using Arduino 

 

The input voltage to the Bluetooth module is given from the Arduino board. TX pin is connected to the RX of the 

Arduino and RX pin of Bluetooth is connected to TX of Arduino.The H,H pins of MQ7 is given to the input voltage. 

“A” terminal is given to +5v. “B” terminal to GND followed by a 10k resistor. Arduino A0 terminal is given to the 

“B” terminal. 

 
Fig.17  Hardware of Smoke Detector and Communication through Bluetooth using Arduino 

 

when the carbon monoxide content in the atmosphere is increased more than 300 ppm, then the message “Alert!!! 

Smoke” is shown on the mobile screen.This project is helpful in detecting the smoke and alerting through a 

message.The designed circuit is shown in Fig 17. 
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E.Automatic Door Opening System Using ARDUINO 

 A door is opened automatically depending on the movement of persons using PIR (Passive Infra Red)sensor and 

Arduino. PIR sensor detects any change in heat, and whenever it detects any change, its output PIN becomes HIGH. 

They are also referred as Pyroelectric or IR motion sensors. 

Here we should note that every object emits some amount of infrared when heated. Human also emits infrared 

because of body heat. PIR sensors can detect small amount of variation in infrared. Whenever an object passes 

through the sensor range, it produces infrared because of the friction between air and object, and get caught by PIR. 

 The main component of PIR sensor is Pyroelectric sensor . Along with BISS0001 ("Micro Power PIR Motion 

Detector IC"), some resistors, capacitors and other components used to build PIR sensor. BISS0001 IC take the input 

from sensor and does processing to make the output pin HIGH or LOW accordingly. 

 
Fig.18 Automatic Door Opening System Using ARDUINO 

 
Fig.19 Hardware of Automatic Door Opening System Using ARDUINO 

 

The circuit connection is shown in Fig 18.Pyroelectric sensor divide in two halves, when there is no motion, both 

halves remain in same state, means both senses the same level of infrared. As soon as somebody enters in first half, 

the infrared level of one half becomes greater than other, and this causes PIRs to react and makes the output pin 

high. Pyroelectric sensor is covered by a plastic cap, which has array of many Fresnel Lens inside. These lenses are 

curved in such a manner so that sensor can cover a wide range.The hardware is shown in Fig 19 which provides the 

required operation. 
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V. CONCLUSIONS 

 
This paper presents the simple sensors applications made by the students in the newly introduced course in 

curriculum for the laboratory with the help of mentors. There by, filling the gap between the industry and academia. 

With this course structure students actively participated with learning by doing. This type of control strategy made 

every student to think, and share their ideas. In future using the moodle logins to every students a feedback survey is 

made evaluation their perception of learning and analysis will be presented. 
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