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Abstract— The Dark Detector system will detect the 

presence of paper waste and the sliding mechanism will 

direct this paper waste into the bins that are equipped with a 

GSM modem. The dark detector system comprises of a two 

LDR assembly, with a bulb to illuminate the unit. The 

system is then interfaced with the Arduino ATmega2560. 
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I. INTRODUCTION 

In this electronic age, going paperless is now starting to 

become a trend. But we are far away from achieving this. 

From the daily newspapers to paper bags, paper is 

found everywhere and ends up in landfills creating a large 

amount of waste.  Paper is nowadays used for packaging as 

the demand to eliminate plastic is increasing. It is said that 

paper takes up twice the energy used to produce a plastic 

bag. Generation of paper involves cutting down of trees 

which leads to deforestation and soil erosion, contributing to 

environmental problems faced by today’s world. 

In order to avoid environmental hazards paper 

needs to be recycled and reused. Every ton of paper that is 

recycled saves around 20 trees, 3 cubic yards of landfill 

space, 7000 gallons of water and produces 73% less air 

pollution than making paper from scratch. It can also save 

enough energy to power the average home for around 6 

months [1]. Bearing this in mind, we have come up with the 

dark detector system that can detect paper from a heap of 

waste and redirect it to be recycled using appropriate 

methods. The dark detector system uses LDRs (Light 

Dependent Resistors) arranged in a voltage divider assembly 

and a bulb. The LDR assembly is interfaced with the 

Arduino ATmega2560[2][3]. 

II. COMPONENTS 

A. Light Dependent Resistor 

 LDR is a device whose resistivity is a function of the 

incident electromagnetic radiation hence they are light 

sensitive devices. 

 They are most commonly known as photoconductor, 

photo conductive cells or photocells. 

 A LDR is made up of semiconductor materials having 

high resistance like lead sulphides, lead selenide etc. 

The most commonly used ones are the cadmium 

sulphide (Cds) and cadmium selenide. 

 There are two types of LDR’s namely the Intrinsic 

photo resistors and the extrinsic photo resistors. 

 
Fig. 1: Circuit Symbol of an LDR 

 
Fig. 2: Light Dependent Resistor. 

1) Working Principle: 

LDR works on the principle of photo conductivity. Photo 

conductivity is the phenomenon in which, the conductivity 

of a material increase when light is absorbed by it. 

When light falls i.e. when photon impinge on the 

resistor, the electrons in the valence band get excited to 

conduction band. Thus, when high intensity light is incident 

on the LDR more electron get excited which results in a 

large number of charge carriers to be generated. The 

resistance decreases causing the current to increase. 

Resistance is thus, inversely proportional to the intensity of 

light falling [4]. 

B. Arduino ATmega2560 

 
Fig. 3: Arduino ATmega2560 

The Arduino ATmega2560 is a microcontroller board based 

on ATmega2560. It has 54 digital input output pins,16 

analog input, 4 UARTs a 16 MHz crystal oscillator, a USB 

connection, a power jack, an ICSP header, and a reset 

button.  Connect it to a computer with a USB cable or power 

it with a AC-to-DC adapter or battery. Arduino board works 

at 5V power supply.  The Mega 2560 is compatible with 

most shields designed for the uno and the former boards 

Duemilanove or Diecimila.[6]. Arduino is preferred because 

it has more digital and analog pins and programming is easy.  

Parameters Comments 

Operating Voltage 5V 

Input Voltage 

(recommended) 
7-12V 

Input Voltage 

(limits) 
6-20V 
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Digital I/O Pins 
54 (of which 14 provide PWM 

output) 

Analog Input Pins 16 

DC Current per I/O 

Pin 
20 Ma 

DC Current for 3.3V 

Pin 
50 Ma 

Flash Memory 
256KB of which 8KB used by 

bootloader 

SRAM 8KB 

EEPROM 4KB 

Clock Speed 16 MHz 

Table 1: Specifications of Arduino 2560: 

1) Power: 

The Arduino Mega2560 can be powered via the USB 

connection or with an external power supply. The power 

source is selected automatically.  

The power pins are as follows:  

 VIN: The input voltage to the Arduino board when it's 

using an external power source. 

 5V: The regulated power supply used to power the 

microcontroller and other components on the board. 

This can come either from VIN via an on-board 

regulator, or be supplied by USB or another regulated 

5V supply.  

 3.3V: 3.3V supply generated by the on-board regulator. 

Maximum current draw is 50mA.  

 GND: Ground pins. 

2) Memory: 

The ATmega2560 has 256 KB of flash memory for storing 

code (of which 8 KB is used for the boot loader), 8 KB of 

SRAM and 4 KB of EEPROM (which can be read and 

written with the EEPROM library). 

3) Input and output: 

Each of the 54 digital pins on the Mega can be used as an 

input or output, using pinMode(), digitalWrite(), and 

digitalRead() functions. They operate at 5 volts. Each pin 

can provide or receive a maximum of 40 mA and has an 

internal pull-up resistor (disconnected by default) of 20-50 

kOhms. In addition, some pins have specialized functions:  

 Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 

(TX); Serial 2: 17 (RX) and 16 (TX); Serial 3: 15 (RX) 

and 14 (TX). Used to receive (RX) and transmit (TX) 

TTL serial data. Pins 0 and 1 are also connected to the 

corresponding pins of the ATmega8U2 USB-to-TTL 

Serial chip.  

 External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 

(interrupt 5), 19 (interrupt 4), 20 (interrupt 3), and 

21(interrupt 2). 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: 0 to 13. Provide 8-bit PWM output with the 

analogWrite() function.  

 SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These 

pins support SPI communication, which, although 

provided by the underlying hardware, is not currently 

included in the Arduino language. The SPI pins are also 

broken out on the ICSP header, which is physically 

compatible with the Duemilanove and Diecimila.  

 LED: 13. There is a built-in LED connected to digital 

pin 13. When the pin is HIGH value, the LED is on, 

when the pin is LOW, it's off.  

 2C: 20 (SDA) and 21 (SCL). Support I2C (TWI) 

communication using the Wire library (documentation 

on the Wiring website). The Mega2560 has 16 analog 

inputs, each of which provide 10 bits of resolution (i.e. 

1024 different values). By default they measure from 

ground to 5 volts, though is it possible to change the 

upper end of their range using the AREF pin and 

analogReference() function.  

 There are a couple of other pins on the board: 

 AREF: Reference voltage for the analog inputs. Used 

with analogReference().  

 Reset:To reset the microcontrollerbring this line LOW. 

Typically used to add a reset button to shields which 

block the one on the board. 

4) Reset: 

Rather than requiring a physical press of the reset button 

before an upload, the Arduino Mega2560 is designed in a 

way that allows it to be reset by software running on a 

connected computer. One of the hardware flow control lines 

(DTR) of the ATmega8U2 is connected to the reset line of 

the ATmega2560 via a 100 nanofarad capacitor. When this 

line is asserted (taken low), the reset line drops long enough 

to reset the chip. The Arduino software uses this capability 

to allow you to upload code by simply pressing the upload 

button in the Arduino environment. This means that the boot 

loader can have a shorter timeout, as the lowering of DTR 

can be well-coordinated with the start of the upload. 

5) Over current protection: 

The Arduino Mega has a resettable polyfuse that protects 

your computer's USB ports from shorts and overcurrent. 

Although most computers provide their own internal 

protection, the fuse provides an extra layer of protection. If 

more than 500 mA is applied to the USB port, the fuse will 

automatically break the connection until the short or 

overload is removed. 

6) Physical characteristics: 

The maximum length and width of the Mega PCB are 4 and 

2.1 inches respectively, with the USB connector and power 

jack extending beyond the former dimension. Three screw 

holes allow the board to be attached to a surface or case. 

III. CIRCUIT DIAGRAM 

 
Fig. 4: Circuit Diagram for Dark Detector System. 
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The two LDRs are connected as shown in the above figure. 

5V VCC is supplied from the Arduino. GND is connected to 

the ground pin of Arduino. Output 1 and output 2 are 

connected to the analog pins of Arduino and are used to read 

the change in resistance of the LDRs which depends upon 

the varying light intensity. A threshold value is set such that 

when the value of resistance falls below this threshold value, 

the waste will be detected as paper. 

IV. CONCLUSION 

The dark detector system was successfully implemented and 

it was seen that the system can effectively separate paper 

from among the different types of waste. 
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