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Abstract— In India People’s point of view, Dirty, disgusting, sloppy- typically, these are some of the nice adjectives that
strike us when we are reminded of an Indian public toilet. But in some point of view, we need in urge of using public toilets.
Due to its unhygienic condition people may get severe infectious diseases like diarrhea, Viral fever, jaundice, etc. In many
public toilets there are some more issues like wastage of water, electricity, etc. Hence, we are going to design a system to
overcome these issues by monitoring the certain parameters as mentioned below for maintaining the Cleanliness of the toilet.
In this system we designed to measure the rest room odour level, Number of persons used in a restroom, Automatic light on
and off and Automatic water flow in the tap. After reaching the threshold level of the rest room odour and number of persons,
the data are transmitted to respective persons to take necessary actions and data are passed via mail or message through
LoRa network with 100% accuracy. LoRa is a 'Long Range' low power wireless standard intended for providing a cellular
style low data rate communications network with enhanced accuracy. LoRa can be also used even in remote areas. After
receiving the data, the necessary actions to be taken for maintaining the cleanliness of the toilet. By using the automatic light
on and off and automatic tap, the resources are conserved efficiently. This system not only implemented in public toilets, it
can be also implemented in colleges, schools, shopping malls etc.

Keywords — Long Range — LoRa, Cleanliness, Conservation of Resources, Low Data Rate, Communication Accuracy, Remote
Areas, Smart Cities.

. INTRODUCTION

An increasing trend has been seen in India with how many households have toilet facilities (36.41%
in 2001, 46.9% in 2011 and 97.21% in 2020). Most of these toilets will not have a basic facility to use.
Some more issues like wastage of resources (electricity, water) may also occurs. Hence, we have
designed the system using LoRa network for Long Range transmission and reception of data as
mentioned below.

To monitor how many persons are using the toilet per minute or per hour or per day. After the
certain count, data has been sent to person who is responsible for cleaning and the necessary actions will
be performed. This maintains the cleanliness of the toilets. To detect the odour of toilets (Ammonia-
rotten egg smell), after the certain threshold value, the data has been sent to respective person and
cleaning actions will be performed. In many toilets, peoples are wasting the water infrequently. So here
we designed the automatic on/off tap (water flow). Mainly in toilets, there is lot of wastage of electricity
without any need. So, we are going to design the system automatic on/off light. When person comes in
light will be on or it will be in off condition. Hence, we are conserving the resources efficiently and
Maintaining the cleanliness of the toilets. These all the data will be sent to the respective persons
through mobile or PC via LoRa network. LoRa is meant for Long-Range communication mechanism
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with enhanced speed and accuracy of data Transmission and Reception.

To maintain the Cleanliness of the toilet which prevents the people from several infectious diseases.
Wastage of Electricity and Water is reduced. Hence, resources are conserved efficiently. Accurate
information’s are sent to respective persons and necessary actions are performed. Hence, timely
information’s are sent using LORA network. To achieving best performance for maintaining public
toilets using latest senor like people counting sensor and automatic tap with perfect accuracy for data
transmission using LORA Module. This entire setup can be achieved in low cost (Economical). Design
and Analysis of LORA network as follows.

Il. PROPOSED SYSTEM

The proposed system consists of In Count Sensor, Out Count Sensor, Object Sensor, Gas Sensor as
inputs to detect various activities, Microcontroller to convert the analog to digital signal as Raspberry Pi
takes only digital signal and it also controls the input and output devices like LoRa Gateway, LCD, Lamp
and Water Pump using the drivers.

The In Count Sensor and Out Count Sensor which detects the number of persons entering and
leaving the rest room and the count value gets updated accordingly and automatic light to be on and off as
the person enters the rest room. The object sensor detects the objects like hand, etc. and the automatic
water flow to be executed. Gas Sensor detects the odour of the rest room. After the threshold level, the
data are sent to the LoRa network to respective persons. LoRa Gateway transmits the multiple signals to
the receiver in a efficient manner with low data rate even in remote areas. The message is passed to
external PC connected to LoRa receiver and the necessary cleanliness actions are performed by respective
persons.
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Fig. 1 Block diagram of the propdsed system (Transmitter Section)
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Fig. 2 Block diagram of the proposed system (Receiver Section)

1. HARDWARE SYSTEMS

A. Raspberry Pl

The variant is based on a Broadcom BCM 285 system on a chip which contains at arm CPU or 32-bit
CPU running at 1GHZ running the ARM 6 instruction set. There are many variants in Raspberry pi. But
in this project, we used Raspberry pi zero variant due to its features and cost-efficient purpose. There are
40 GPIO pins down on the back and reset button for refreshing the board. This board actually contains
Broadcom BCM 285 it does actually have 512 megabytes of ddr2 RAM. Here we have a mini-HDMI
socket offering up to 1080p video at 60 frames a second and it contains two micro-USB connectors and
want to connect power to the board and another one for connecting USB peripherals. It also contains the
micro-SD card slot which you put our micro-SD card in to store your operating system and our programs
and data are stored in this card which will be used for future reference. This module will controls and
automate the overall project as discussed.

RASPBERRY Pl ZERO
RUN PINS FOR RESET SWITCH

40 PIN GPIO HEADER

Fig. 3 Raspberry Pl Zero

B. Microcontroller

The Microcontroller named ATMEGA328P is a low power controller with high performance from
microchip. It is an 8-bit microcontroller with AVR RISC Architecture. It is one of the popular controllers
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used in Arduino boards, etc. Here it is connected to various sensor inputs. It receives the analog inputs.
The purpose of this controller is to converting the analog data to digital data which is fed into Raspberry Pi
which only accepts the digital data. It has many applications but, in our project, it acts as a Analog to

Digital Convertor and fed the digital data to raspberry pi module.

{RESET) PC6 [1_| O [28 PC5 (ADC5/SCL)
(RXD) PDO [2 | [27 PC4 (ADC4/SDA)
(TXD) PD1 [3] 26 PC3 (ADC3)
(INTO) PD2 [4 | 2§ PC2 (ADC2)
(INT1) PD3 [5_| 24 PC1(ADC1)
(XCKIT0) PD4 [6_| 23 PCO (ADCO)
VEC [T] ATMEGA 328P |22 GND
GND 8] [21 AREF
(XTAL1/TOSC1) PB6 [9 | [20 AvCC
(XTAL2/TOSC2) PB7 fi0| [19 PBS5 (SCK)
(T1) PD5 fi1] [18 PB4 (MISO)
(AINO) PD6 fiZ] [17 PB3 (MOSI/OC2)
(AIN1) PD7 fi3] 16 PB2{SS/OC1B)
(IcP1) PBO 4] [15PB1 (OC1A)

Fig.4 Pin diagram of ATMEGA328P (Micro-controller)
C. Object sensor (IR)

Infrared sensor is used to detect the motion of the object. This module consists of pyroelectric sensor
which will be exposed by the heat energy. The term passive indicates that this sensor will not produce
electrical or heat energy. This will utilize the energy from the upcoming objects which comes towards the
sensor. This sensor will have the cover at the top called lens which focusses the entire electrical energy
from object into the sensor to sense the objects motion. This IR Sensor detects the objects and it will start

running the water pump and it is controlled by driver circuit built in it.

D.Gas sensor

Fig.5 IR sensor

Here we used “Flying Fish” sensor to detect the presence of odour of the rest room. It works on
electrochemical principle which detects the odour of the ammonia (rotten-egg smell). The values will be
detected in terms of PPM (PartsPerMillion). After the Certain threshold value, the data will be sent via

LoRa network.
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Fig.6 Gas sensor
E. Count sensor

This ultrasonic sensor module can be used for measuring distance, object sensor, motion sensors etc.
Highly sensitive module can be used with microcontroller to integrate with motion circuits to make robotic
projects and other distance, position & motion sensitive products. The module sends eight 40Khz square
wave pulses and automatically detects whether it receives the returning signal. If there is a signal
returning, a high-level pulse is sent on the echo pin. The length of this pulse is the time it took the signal
from first triggering to the return echo. This will monitor the people incoming and outgoing to the rest
room and controls the automatic light on and off mechanism.

Fig. 7 Ultrasonic count sensor

F. LoRa gateway

A LoRa concentrator/gateways are sensing devices which receives the multiple signals from the LoRa
transmitter. It will be connected via internet using the standard communication protocols and it will
retrieve the data from the various sensors. Gateways forms, bridge between the devices. It can be also
connected to networks, servers, cloud, etc. It has a -139dBm sensitivity. A Single LoRaWAN gateway can
cover the entire city but it depends on the environmental surroundings. LoORaWAN has the higher link
budget than any other communication protocols. Range will be highly depending on surrounding
environment and obstruction in the way. This will transmit the multiple signals and it will receive the
multiple signals from the microcontroller which is connected to various sensors.
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Fig .8 LoRa gateway (Transmitter and Receiver)

IV. SOFTWARE SYSTEM

Arduino IDE

Arduino Integrated Developer Environment (IDE) is a cross-platform application that is written in
functions. It is used to write code and upload programs to Arduino boards. It supports computer languages
like C and C++ using special rules of code structures. It supplies a software library, which provides many
common input and output procedures. It converts the executable code into a text file in hexadecimal
encoding.

V. RESULT AND CONCLUSION

LoRa will send the data in accurate manner with low data rate and faster transmission and reception when
compared to other protocols such as Zigbee, Bluetooth, etc. Implementation of LoRa System for timely
maintenance for public toilets for smart cities is discussed here. Here we have used three sensors namely
PIR Sensor, Ammonia Sensor and People Counting Sensor which detects the automatic light on and off
and automatic water flow in tap, it detects the odour of the rest-room and it counts the number of people
used in rest-room. The sensed data are given to microcontroller and to Raspberry Pi and after processing of
data is sent to the LoRa modules and it is received by the LoRa Gateway which receives the multiple
signals and finally sent to PC/Mobile. Hence, by using this project we will maintain the cleanliness of the
toilet and resources are conserved efficiently. Future works also implemented as automatic flush on and
off as the odour threshold level increases. Hence it is simpler design and easy to implement in many
places.
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Fig. 9 Overall Setup
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Fig. 10 Output in PC
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