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INTRODUCTION 

“Swatch Bharath Abhiyaan” is a campaign initiated 
by the government of India to clean the streets, 
roads and infrastructure of the country. The increase 
in population, has led to tremendous degradation in 
the state of affairs of hygiene with respect to waste 
management system. The spillover of waste in civic 
areas generates the polluted condition in the 
neighbouring areas. It may aggravate numerous 
severe diseases for the nearby people. This will 
humiliate the appraisal of the affected area. For 
eliminating or mitigating the garbage's and 
maintains the cleanness, it requires smart garbage 
management system. This system makes use of 
robotics and image processing. The automated 
robotic garbage bin can sense the waste and move 
towards the waste and draws  it through vacuum 
tubes .It comes with the HD camera that monitors 
the nearby area and process the captured image and 
detects if any waste is there, and then picks it up. 
After this it sends the notification when the garbage 
bin is full. There will be a lid to open by itself and it 
will dump the waste. This automated garbage bin 
can segregate the wet and dry waste material and 

transfer it to the respective chambers by the use of 
humidity sensors. The humidity sensors works 
according to the climatic conditions. If any rag 
pickers or unidentified person wants to misuse the 
garbage bin the buzzer in the bins will intimate the 
resource person and the area people will get 
alarmed by the buzzer. 

RESEARCH BACKGROUND 

Currently, many analysis approaches exist coping 
with problems associated with waste variety and 
management and particularly important data 
assortment at the purpose of waste disposal [6]-[7]. 
However, most of them are expensive in terms of 
total essential instruments, whereas a number of 
them are concern with collection of only ecological 
waste, which may be collected at less frequent 
intervals and have a additional stable production 
frequency. Moreover, a number of fill-level sensing 
prototypes & architectures may be found within the 
types of literature that are shortly delineated 
herewith. A paradigm waste-bin system was created 
for the town of Pudong, Shangai, PR China and in 
Malaysia . The case study delineated herein focuses 
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The overflow of garbage in public areas creates the unhygienic condition in the nearby surrounding. It may 
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significantly on observation of the quantity of waste 
created and identification of categories of fabric gift 
within the collected waste and proposing the 
implementation of a network of sensorized waste 
containers joined to acknowledge management 
system. 

The EU FP7 OUTSMART project designed a mesh 
wireless sensing element network for Berlin, 
Germany [11] using a ultrasonic sensor for fill-level 
estimation and a wireless sensing element network 
supported IEEE 802.15.4 for connecting nodes with 
gateways through multiple short-range hops. The EU 
FP7 Future Cities project developed associate urban-
scale living research lab within the town of port in 
European country. Within the context of the project, 
the Municipality of Port has developed an innovative 
waste management data collection system for 
observation fill-level of garbage containers. A three-
tier approach is followed additionally in [6], where 
multiple sensors are utilized in the lower tier: 
ultrasonic sensor for fill level, a load cell for weight, 
temperature and Humidity, Hall effect and 
measuring system for detecting garbage vehicle 
shield open or closed. The perceived values and 
operational parameters, like vehicle identity, date, 
time, and battery power level, are collected and 
transmitted once a canopy gap is perceived, so 
achieving energy-efficient, real-time fill-level 
reporting. Considering proposed systems for 
garbage collection, the main issue lies with accurate 
fill-level estimation. Weigh Scale is ideal solution to 
measure the garbage contents, but calibration and 
cost of heavy duty scales leads to discourage this 
suggested prototype. By using sensors, the weighing 
is possible, but the environmental conditions, 
maintenance and limitations in range of sensors, 
applied solutions will not sustain for long term 
usage.To measure the depth of garbage area, the 
image processing can be solution. The OpenCV with 
real-time video capture & analysis for graph based 
system is feasible to implement on Android based 
system [12]. But the hardware cost with dual camera 
with recent Android OS can be costly. So, the same 
Open CV can be implemented using Raspberry Pi, 
which will help to get clear depth mapping. 

SYSTEM ARCHITECTURE 

The proposed equipment was based Arduino 
development, having a Node MCU Board. This board 
has 1 standard non concurrent serial ports 
(convention: 8 information bits, 1 stop bit and no 
equality), not with standing a USB programming 
ports fit for transmitting information in 9600 Baud 
increases. This board was picked because of its 
effectiveness of prototyping and generally minimal 
effort. Moreover, it is programmable with Embedded 
C language. The system implemented with Raspberry 
PI and Open CV shows the filled-level of Garbage 
Collection Vehicle Bin. measurement it is possible to 
know the garbage available in the garbage collection 
truck or it is empty. 
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Real Time system will help the authority to know 
about the fulfillment of the garbage collected at any 
time just placing the identity number of the truck. 
The image captured is then processed and threshold 
filled – level of garbage in the vehicle is estimated. 
The processed image of the partially or fully filled 
garbage vehicle is compared with preloaded empty 
garbage vehicle. After the whole analysis, it will 
further generate the text message to the Server 
Authority Room. If the vehicle bin full or above the 
defined limit of 90% then it will directly go to 
dumping area, otherwise the authority at the server 
room will reroute that garbage collection vehicle to 
some other nearby area so to collect the garbage 
and get it full up to its level and then send to 
dumping area. 

Ultrasonic Sensor 

An Ultrasonic sensor is a device that can measure 
the distance to an object by using sound waves. It 
measures distance by sending out a sound wave at a 
specific frequency and listening for that sound wave 
to bounce back. By recording the elapsed time 
between the sound wave being generated and the 
sound wave bouncing back, it is possible to calculate 

the distance between the sonar sensor and the 
object

It emits an ultrasound at 40 000 Hz which travels 
through the air and if there is an object or obstacle 
on its path It will bounce back to the module.  

The HC-SR04 Ultrasonic Module has 4 pins, Ground, 
VCC, Trig and Echo. The Ground and the VCC pins of 
the module needs to be connected to the Ground 

and the 5 volts pins on the Board respectively and 
the trig and echo pins to any Digital I/O pin on the 
Board. 

In order to generate the ultrasound you need to set 
the Trig on a High State for 10 µs. That will send out 
an 8 cycle sonic burst which will travel at the speed 
sound and it will be received in the Echo pin. The 
Echo pin will output the time in microseconds the 

 

Fig 2.4-HC-SR04 Ultrasonic sensor 

IR Sensor  

Infrared technology addresses a wide variety of 
wireless applications. The main areas are sensing and 
remote controls. In the electromagnetic spectrum, 
the infrared portion is divided into three regions: 
near infrared region, mid infrared region and far 
infrared region. 

The wavelengths of these regions and their 
applications are shown below. 

 Near infrared region — 700 nm to 1400 nm — IR 
sensors, fiber optic 

 Mid infrared region — 1400 nm to 3000 nm — 
Heat sensingFar infrared region — 3000 nm to 1 mm 
— Thermal imaging 

The frequency range of infrared is higher than 
microwave and lesser than visible light. 
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Fig 2.5-IR Sensor 

For optical sensing and optical communication, 
photo optics technologies are used in the near 
infrared region as the light is less complex than RF 
when implemented as a source of signal. Optical 
wireless communication is done with IR data 
transmission for short range applications. An infrared 
sensor emits and/or detects infrared radiation to 
sense its surroundings. 

The working of any Infrared sensor is governed by 
three laws: Planck’s Radiation law, Stephen – 
Boltzmann law and Wien’s Displacement law. 

Planck’s law states that “every object emits radiation 
at a temperature not equal to 00K”. Stephen – 
Boltzmann law states that “at all wavelengths, the 
total energy emitted by a black body is proportional 
to the fourth power of the absolute temperature”. 
According to Wien’s Displacement law, “the radiation 
curve of a black body for different temperatures will 
reach its peak at a wavelength inversely proportional 
to the temperature”. 

The basic concept of an Infrared Sensor which is 
used as Obstacle detector is to transmit an infrared 
signal, this infrared signal bounces from the surface 
of an object and the signal is received at the infrared 
receiver. 

There are five basic elements used in a typical 
infrared detection system: an infrared source, a 
transmission medium, optical component, infrared 
detectors or receivers and signal processing.  

1) Distinguishing Between Black and White 
Colors 

It is universal that black color absorbs the entire 
radiation incident on it and white color reflects the 
entire radiation incident on it. Based on this 
principle, the second positioning of the sensor 
couple can be made. The IR LED and the photodiode 
are placed side by side. When the IR transmitter 
emits infrared radiation, since there is no direct line 
of contact between the transmitter and receiver, the 
emitted radiation must reflect back to the 

photodiode after hitting any object. The surface of 
the object can be divided into two types: reflective 
surface and non-reflective surface. If the surface of 
the object is reflective in nature i.e. it is white or 
other light color, most of the radiation incident on it 
will get reflected back and reaches the photodiode. 
Depending on the intensity of the radiation reflected 
back, current flows in the photodiode. 

If the surface of the object is non-reflective in nature 
i.e. it is black or other dark color, it absorbs almost 
all the radiation incident on it. As there is no 
reflected radiation, there is no radiation incident on 
the photodiode and the resistance of the 
photodiode remains higher allowing no current to 
flow. This situation is similar to there being no object 
at all. 

The positioning and enclosing of the IR transmitter 
and Receiver is very important. Both the transmitter 
and the receiver must be placed at a certain angle, 
so that the detection of an object happens properly. 
This angle is the directivity of the sensor which is +/- 
45 degree. 

In order to avoid reflections from surrounding 
objects other than the object, both the IR transmitter 
and the IR receiver must be enclosed properly. 
Generally the enclosure is made of plastic and is 
painted with black color. 

Moisture sensor 

Moisture sensors measure the volumetric water 
content in soil. Since the direct gravimetric 
measurement of free soil moisture requires 
removing, drying, and weighting of a sample, 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. The relation between the 
measured property and soil moisture must be 
calibrated and may vary depending on 
environmental factors such as soil type, temperature, 
or electric conductivity. Reflected microwave 
radiation is affected by the soil moisture and is used 
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for remote sensing in hydrology and agriculture. 
Portable probe instruments can be used by farmers 
or gardeners. 

 

Fig 2.6– Moisture sensor 

 

Pin Description: 

a) Features 

1. Sensitivity adjustable. 
2.  Has fixed bolt hole, convenient installation.  
3. Threshold level can be configured.  
4. Module triple output mode, digital output is 
simple, analog output more accurate, serial output 
with exact readings. 

Applications 

1. Agriculture  
2.  Landscape irrigation 
 
Motor Driver 

L293D is a dual H-bridge motor driver integrated 
circuit (IC). Motor drivers act as current amplifiers 
since they take a low-current control signal and 
provide a higher-current signal. This higher current 
signal is used to drive the motors. 

L293D contains two inbuilt H-bridge driver circuits. 
In its common mode of operation, two DC motors 
can be driven simultaneously, both in forward and 
reverse direction. The motor operations of two 
motors can be controlled by input logic at pins 2 & 7 
and 10 & 15. Input logic 00 or 11 will stop the 
corresponding motor. Logic 01 and 10 will rotate it 
in clockwise and anticlockwise directions, 
respectively. 

Features 

• Output Current 1A Per Channel (600mA 

• for L293D) 

• Peak Output Current 2A Per Channel 

• (1.2A for L293D) 

• Inhibit Facility 

• High Noise Immunity 

Pin 
No 

Function Name 

1 Enable pin for Motor 1; 
active high 

Enable 1,2 

2 Input 1 for Motor 1 Input 1 

3 Output 1 for Motor 1 Output 1 

4 Ground (0V) Ground 

5 Ground (0V) Ground 

6 Output 2 for Motor 1 Output 2 

7 Input 2 for Motor 1 Input 2 

8 Supply voltage for Motors; 
9-12V (up to 36V) 

 Vcc 2 

9 Enable pin for Motor 2; 
active high 

Enable 3,4 

10 Input 1 for Motor 1 Input 3 

11 Output 1 for Motor 1 Output 3 

12 Ground (0V) Ground 

13 Ground (0V) Ground 

14 Output 2 for Motor 1 Output 4 

15 Input2 for Motor 1 Input 4 

16 Supply voltage; 5V (up to 
36V) 

Vcc 1 
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• Separate Logic Supply. 

• Over-Temperature Protection. 

• The L293 and L293D are quad push-pull drivers 
capable of delivering output currents to 1A or 
600mA per channel respectively.  

• Each channel is controlled by a TTL-compatible 
logic input and each pair of drivers (a full bridge) is 
equipped with an inhibit input which turns off all 
four transistors. 

• A separate supply input is provided for the logic so 
that it may be run off a lower voltage to reduce 
dissipation. 

• Additionally the L293D includes the output 
clamping diodes within the IC for complete 
interfacing with inductive loads. 

Pin Diagram:  

 

DC Motors 

•  This motor uses  dc current . 

• Can run in both directions. 

• Speed Controllable. 

• Direction of rotation controlled by polarity of 
current / voltage. 

• Speed of rotation controlled by average energy 
(power) fed to the motor. 

• Free running torque & current are ideally zero. 

• Increased load implies, increased torque, current 
drawn & power consumption. 

• Power supplied by a motor is the product of 
output shaft’s rotational velocity & torque. 

 

Fig 2.8- Dc motors 

Node MCU (ESP8266EX) 

High Level of Integration:-  ESP8266EX is among the 
most integrated Wi-Fi chips in the industry. 
Measuring just 5mm x 5mm, ESP8266EX requires 
minimal external circuitry and integrates a 32-bit 
Tensilica MCU, standard digital peripheral interfaces, 
antenna switches, RF power amplifier, low noise 
receive amplifier, filters and power management 
modules - all in one small package. 

32-bit Tensilica MCU:- ESP8266EX integrates 
TensilicaL106 32-bit micro controller(MCU) which 
features extra power consumption and 16-bit RISC 
,reaching a maximum clock speed of 160 Mhz. With 
Real Time Operating System(RTOS) enabled and Wi-
Fi stack functional ,about 80% of the processing 
power is still available for user application 
programming and development. 

Low Power Management:- Engineered for mobile 
devices, wearable electronics and the Internet of 
Things (IoT) applications, ESP8266EX achieves low 
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power consumption with a combination of several 
proprietary technologies. The power saving 
architecture features three modes of operation - 
active mode, sleep mode and deep sleep mode, thus 
allowing battery-powered designs to run longer. 

Vaccum cleaner: 

The low pressure air caused by the air going into 
the vacuum cleaner draws up small objects which 
then get trapped in bags, canisters or filters. Vacuum 
cleaners use low air pressure to help us pick up small 
particles of dirt and dust. Vacuum suction is also 
used in many industries to move materials around. 
Materials flow from one location to another when a 
pressure difference is created between two locations. 
This phenomenon is the basic working principle of 
an ideal vacuum cleaner. When a centrifugal fan 
rotates it makes the air to flow by adding it external 
kinetic energy. 

II. CAMERA MODULE V2: 

It supports 1080p30, 720p60 and VGA90 video 
modes, as well as still capture. It attaches via a 15cm 
ribbon cable to the CSI port on the Raspberry Pi. 
The camera works with all models of Raspberry Pi 1, 
2, and 3. 

Features: 

 Second Generation Raspberry Pi Camera Module 
with Fixed Focus Lens 

 Sony Exmor  IMX219 Sensor Capable of 4K30, 
1080P60, 720P180, 8MP Still 

 3280 (H) x 2464 (V) Active Pixel Count 

 Maximum of 1080P30 and 8MP Stills in Raspberry 
Pi Board 

 2A Power Supply Highly Recommended 

  

  

                             Camera 

Software Implementation 

In this system we are using Raspbian Jessie 
operating system. It is a free operating system based 
on Debian, optimized for the Raspberry Pi hardware. 
The following flowchart shows the operational flow 
of the whole system. The flowchart also shows the 
flow of the coding done for system design. Flowchart 
is a way to communicate how a process works or 
should work without any technical or group-specific 
jargon. 

CONCLUSIONS 

The aforementioned system has been designed as 
part of Smart city project by Pune Municipal 
Corporation for urban waste management. Our 
proposed architecture exploits digital image 
processing using OpenCV and raspberry pi to make 
it cheap organized operation and support variations 
at urban conditions. The field level analysis using 
multi stereo cameras and raspberry pi provides the 
desired result in both software and hardware. 
Herewith we have explained the prototype design, 
the physical implementation of it as well as we found 
the system gives adequate results with all the 
calculations and verified measurements. Thus a 
robust system is developed. 
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