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Abstract - In this fast-moving scientific world, technology is becoming a massive part of the day to day lifestyles. A large 

number of industries and communities are dependent on the various forms of technology, and its use doesn’t end there. 

Today the quality of lifestyle is measured by how many gadget’s one owns ranging from mobile phones for communication, 

EVM’s for voting, refrigerators for storing food, etc. Scientists are working day in and day out to make people more 

technologically advanced, but one part of society, that has been most neglected are rural women. Rural women in India are 

glued to their household responsibilities and customs leaving no room for the exploration of the world due to lack of 

education, lack of economic resources and non-supportive family members. Through this research, out of the three, two of 

the factors will be dealt by proposing a model for a multi-purpose device called W.O.M.A.N. 1.0 which stands for Women 

Operating Mechanism for Automating the Nation. As evident, the best way to spread a message in this era is through the 

means of technology. It is essential for rural women to have access to the right technology which will make them self-reliant 

and self-guided i.e., to make this technology as affordable as possible for their use and this can be achieved through 

recyclable technology. Recycling household waste materials like plastic, metal etc., can be used to build the parts of a device 

which is more affordable, but very concise to its use. The cost factor can be reduced further by proposing a scheme to the 

Government to give away the device at meager cost and obtain the cost of the device over a large period of time without any 

interest rate. Also, developing the right software for such technology is a crucial part of implementing this change in the 

society, as rural women lack the basic skills required to work with such a device. Hence, the device should consist of an 

operating system fairly simple to use and understand. With only the most necessary features of communication, educational 

training, health services and safety services, the operating system of this device will be designed in a concise manner. 

The overall aim of W.O.M.A.N is to ensure maximum technological advancements to rural women using minimum 

technology build up and cost-effectiveness. 
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I. INTRODUCTION 

 

India’s rural population stands at 66.46% of the total 

population which comprises of 28.45% of women. 

Less than 5% of these women have access to any 

form of technology. Women in rural areas face triple 

divide: rural, digital and gender as stated in a report 

by theFAO
[1]

 in 2018. 

 

There are many factors that have led to this divide 

which includes gender inequality, non-availability of 

economic resources and family support, burden of 

responsibilities and lack of education facilities. All 

these factors are circular and dependent on each 

other. 

 

To allow rural women have their say and share in 

technology, it is important that this technology is 

made more accessible and more affordable. 

Accessibility can be achieved by spreading awareness 

through campaigns and one-on-one discussions. 

Affordability, however can be achieved through a 

process of recycling technology. Recycling 

technology can be defined as recycling waste 

materials previously used by a device in order to 

make it suitable for a new device. This leads to lower 

cost of raw materials and hence lower production 

cost. 

Figure 1 shows that the accessibility of basic mobile 

phone services is less 10-20% in most states of India. 

 

 

 
Figure 1.Distribution of technology access to Women across 

India 
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The paper is organized as follows. Section 2 contains 

the basic framework and building of the device using 

different components which also includes alternative 

frameworks. Conclusions and future work are 

outlined in Section 3. 

 

II. FRAMEWORK 

 

The basic functioning of this device will be achieved 

by the usage of the following parts: 

 Arduino board 

 An antenna 

 LCD display 

 Battery 

 Switch 

 Speaker 

 GPS shield 

 GSM sim 

 Flash card (memory drive) 

 

2.1 Arduino Board 

Arduino is open source software which is used for its 

wide variety of applications in the world of Internet 

of Things (IOTs)
[2]

. The functions as well as the ease 

and efficiency offered by it in connecting the 

different devices and microcontrollers is very 

plausible, therefore it would act as the CPU of the 

device. 

 

2.2 Antenna 

An antenna is a transducer that converts radio 

frequency fields into alternating current or vice-versa. 

Antennas
[3]

 have an arrangement of metallic 

conductors with an electrical connection to receivers 

or transmitters. An antenna can also be made through 

recycling simple household materials such as soft 

drink cans. A can cut into half across its length is 

stripped with coaxial cables and smoldered together. 

Though one of the technical difficulties associated 

with this arrangement, is the availability of signals 

i.e., a right orientation is necessary for it to catch a 

signal. With proper modifications, this antenna of 

W.O.M.A.N. will serve as a signal sender to a nearby 

police station incase the female user is in any kind of 

danger by the clicking a button in a particular 

sequence which will be made easy to remember for 

the user. 

 

2.3 LCD Display 

Liquid Crystal Displays contain a major share of 

glass substrate and polarizer foils. LCD’s should 

ensure that the light can be polarized, the liquid 

crystals are able to transmit and change polarized 

light. The structure of the aforementioned crystals can 

be maneuvered using electric current. The transparent 

materials or the recycled glass being used should be 

able to conduct electricity. Figure.2 shows a possible 

LCD screen. 

 

 
Figure 2.Depiction of LCD screen 

 

LCD’s
[4]

 can be made by taking two pieces of 

recycled polarized glass which is rubbed by a special 

polymer.Nematic liquid crystals are applied on one of 

the glass sheets. Place the polarized glasses at right 

angles to each other and an LCD is constructed. 

However, this can be partially expensive. A simpler, 

cheaper and efficient method of constructing and 

LCD can be done with a mirror, a glass with a 

polarizing film and a common electrode plane with 

indium-tin oxide
[5]

, a layer of an alternative liquid 

substance, another piece of glass and another 

polarizing film on top of it. Figure 3 shows the 

connection of the LCD Screen with the Arduino. 

 

 
Figure 3.Resultant setup with Arduino Board 

 

2.4 Battery 

Battery is an essential component for this device. The 

lack of electricity supply in most rural areas is still 

common in India. To tackle this problem, the battery 

will be charged through the most abundantly 

available renewable energy resource in India, solar 

energy
[6]

. Solar energy is sufficiently available 

throughout most of the rural habitats of India which 

will easily allow women population to recharge their 

devices without any disruption in the conventional 

form of energy. 

The most efficient battery for W.O.M.A.N. can be 

identified on the following factors: capacity, power 

ratings, depth of discharge, round-trip efficiency and 

manufacturer’s warranty. The amount of electricity 

that a battery can store is the capacity measured in 

kWh whereas the amount of electricity the battery can 

deliver at one time is the power rating measure in 

kW. Low amount of electricity will be delivered for a 
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long time by the battery if it has a high capacity and 

low power rating which is sufficient to run the device. 

The depth of discharge of a battery can be defined as 

the level of usage of a battery’s working capacity. 

Depth of Discharge is inversely proportional to the 

battery’s capacity. Hence, it is necessary that some 

charge remains in the solar battery at all times due to 

its chemical composition. As the device will be using 

a lead acid battery, it will start degrading due to 

charge-discharge cycle will reduce the overall ability 

for storage of energy. A DoD of 70 to 90 percent 

should be sufficient for the device. 

The round-tip efficiency can be defined as the level 

of energy used through the battery with respect to the 

level of energy that it took to store it. Round trip 

efficiency is directly proportional to the economic 

status of the solar powered battery. A round trip 

efficiency of 65-85% will be suitable for the device. 

Lead acid batteries are relatively cheaper and have 

lower DoD and a shorter life whereas lithium ion 

batteries are lighter, compact, have a higher DoD, a 

longer lifespan but are relatively more expensive. 

Hence, for W.O.M.E.N. lead acid batteries will be 

used as they are cheaper which will play a reducing 

factor in the overall cost of the price. However, 

lithium ion batteries can be used in future versions. 

To charge a 9V battery with a solar panel, a solar 

panel of the range 250-300mA is required
[7]

. A 

1N4007 diode will be used to connect the panel with 

the battery. The panel will charge the battery within 5 

hours and the energy will last for more than 24 hours 

on continuous use. 

A point to be noted in figure 4 is that the solar panel 

will be connected to the battery so as to work as a 

solar charger. One more plausible option could be to 

use old cellphone batteries for example which have 

swollen up by the collection of acid inside them. 

Instead of charging them to their full capacity we will 

use those batteries at much low charging, and as that 

would be insufficient for any mobile phone to work, 

the simple device would have no issue in working. 

 

 
Figure 4.Connection of the battery with Arduino Board 

 

2.5 Switch 

A basic switch can be made for the device using 

recycled plastic. The switch will not only help 

switching the device on and off but will also be a 

safety measure for women. A combination of 

different movements of the switch will be adjusted 

which will alert the nearest police station using the 

antenna or GPS shield incase the women are in any 

form of danger or threat. 

 

2.6 Speakers 

A simple but efficient speaker can be connected to 

the arduino board which can be operated according to 

the use of the developer. For example, a basic English 

learning course can be preinstalled in a flash drive or 

memory shield which itself is connected to the board. 

The user could interface with the device and start the 

learning, the program would comprise of some basic 

functions like displaying the alphabets and words on 

the display screen with their pronunciation coming 

out clearly from the speakers. The sound of the 

alphabets could be easily stored in arduino with the 

help of melody[], note Duration[] and tone() 

functions by deciding the tone to play and the 

duration of it. Arduino speakers can also be a more 

affordable option which has been shown in Figure 5. 

 
Figure 5. Connection of Arduino Speaker with Arduino Board 

 

The sound quality and loudness of the speakers would 

be kept low for low power consumption, and the old 

and discarded speakers could be chosen for the task. 

 

2.7 GPS shield working with GSM sim 

A tiny GPS shield can be connected inside the device 

as shown in Figure 6. This would have to be newly 

purchased so that the safety feature is not 

compromised. It can be used to alert the local 

authorities to help the user in case of some 

unforeseen emergency. For example, when the switch 

will be operated in a particular sequence or a pattern, 

it would start the GPS shield to work and with the 

help of GPRS
[8]

 (General Packet Radio Service) 

which provides a speed of average 100 kb/second 

which is the speed required for sending and receiving 

the SMSs, therefore, the nearest police station and the 

police headquarters would be informed of the 

location. This design and idea could further be 

improved if the government agrees to participate in 

this movement, certain numbers can be fed which 

would help notify the people. The users would not be 

notified about this SIM so that it won’t be misused 

for any other reason. Its only task would be to operate 

with the GPS in emergencies to send out SMSs so no 
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data packs and recharges would be required. A 

number of companies provide lifetime talktime 

services and Topups, therefore, the SIMs could be 

recharged before they are sold. 

 
Figure 6. Connection of Arduino Shield UBLOX-NEO 6M with 

Arduino Board 

 

2.8 Sanitary Program 

A program for monitoring the period cycle of those 

women will be uploaded in the flash card. The 

program would be made in such a way that it would 

take the input from the user on which the day her 

monthly cycle would start. The program would be 

displaying and speaking instructions and measures to 

be undertaken in these days. The proper sanitary 

ways and also basic necessary information regarding 

the menstrual cycle would be provided to them 

through it. The program would run for a span of 7 

days and at the end it would ask them if their cycle 

has ended or not. A timer would also be provided to 

automatically run the program after 28 days. 

 

2.9 Other Approaches 

In W.O.M.A.N. the components of all the parts used 

can be completely made through recyclable materials. 

The active components of the circuit board will 

include transistors, diodes, IC’s whereas the passive 

components will include capacitors, resistors and 

inductors. All these parts can be re-used and obtained 

from old PCB boards. Usually most of the electronic 

devices contain these boards such as DVD players, 

digital clocks, old computers etc., which have been 

sent to recycling plants. 

The circuit diagram in Figure 7 is a Printed Circuit 

Board made using online CAD tool TinkerCad which 

shows the basic connectivity of the board. 

 

 
Figure 7.Initial Circuit Structure using PCB 

It consists of most of the basic requirements required 

for efficient functioning. The above board will be 

connected to an LCD screen which will be obtained 

by recycling plastic materials. Even though 

manufacturing process of Printed Circuit Board is 

very complicated because it involves the usage of 

many special chemicals and various metals, it is one 

of the most efficient methods of manufacturing of 

electronic devices. The process also includes the 

generation of a lot of waste which can be recycled. 

Recycling of these wastes include
[9]

: 

1. Recovering the copper metal from the edges 

of PCB’s, etching solution. 

2. Recovering tin metal from tin/lead solder. 

3. Recovering of copper oxide from 

wastewater sludge. 

4. Recovering copper hydroxide from copper 

sulfate solution. 

There are a lot of other options, equipment and 

functions that could be used in making this device if 

the cost and e-waste factor can be ignored. For 

Example, to make the device less bulky and sleeker, a 

tinyDuino shield could be used in place of a bulky 

Arduino board which would serve the same purpose 

with a slight increase in cost viz-a-viz reduced 

weight. Practically, no machine is fully efficient,two 

arduino boards can be used and with their functions 

distributed i.e., if one board would be operating the 

educational program, the other board would handle 

the GPS module.An alternative to using two boards, 

tiny Duino shields would be better as it wouldn’t 

make the device any bulkier.The device can also be 

installed with a numeric pad for the users to type and 

learn. The data entered by the users will be recorded 

and stored in a flashcard. On running the educational 

program, the alphabets used in the words and their 

corresponding pronunciations will be heard.This 

pronunciation feature will be difficult to achieve but 

could be done if the device is connected to the 

internet or a LAN. Through the internet, the board 

will be connected with a cloud, and from there the 

word can be automatically searched online. Through 

cloud feature the safety of each user can be enhanced 

as by allotting a particular memory column in the 

cloud to a unique Subscriber Identity Module (SIM) 

card and then maintaining the records of their 

locations and automatically deleting the old ones. The 

scope of device won’t be limited to just displaying 

alphabets, the functions it would provide could be 

increased by using an Operating System, it could 

either be developed or an existing one could be used, 

for example Pyxis os. Pyxis OS is operating system 

for Arduino. It is able to run separately compiled 

programs directly from microSD card and the number 

of programs is only limited in card size. It is based on 

programming principles where standard functions can 

be used for accessing analog and digital pins or other 

peripherals, but additionally Pyxis programming 

language gives ability to use specific functions that 

allow creating various GUI specific objects like Text 
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boxes, Buttons, Progress bars. To compile programs 

for Pyxis OS, Pyxis Studio is used where programs 

can be written and compiled into Pyxis executable 

(PXE). It’s anout-dated software but still could be 

used for the purpose. 

 

III. CONCLUSION 

 

In summary, this paper presented the design and 

construction of a solar powered device constructed 

through e-waste and recycling methods.The 

developed product was in context to the Digital India 

Campaign specifically for the empowerment of rural 

women which is a section of society often neglected 

in such programs. The device will serve as basis for 

all possible future initiatives. 

 

3.1 Price Comparison 

The price of average sized tablets is estimated to be 

around Rs. 10,000. 

The price of W.O.M.A.N. is estimated as follows: 

a) Arduino Board – Rs.500/piece 

b) LCD Screen 

i) Two Polarizing Films – Rs.500 

ii) 10” inch glass – Rs.200 

 
c) Battery – The price of recycled batteries will be 

null. However, scrap batteries are available at the 

rate of Rs.114/kg. Solar panels of these batteries 

can be obtained from old calculators or solar 

cookers and a solar panel of size 4.33’’x 3.15’’x 

0.125’’ will cost upto Rs.600. 

d) Switch- The switch will be made of recycled 

plastic which will also have a very low cost. 

e) Speakers- The recycled speakers will cost 

Rs.2000 but Arduino speakers can serve as a 

cheaper alternative with a price of Rs. 300. 

f) GPS Shield (EEPROM MWC& APM 2.5 

compatible with large Antenna) – Rs. 800. 

All these prices have been taken into account with the 

ongoing inflation period of the country. Therefore, 

we have considered approximate prices of the 

equipment used. 

On adding the above prices a total of Rs. 2800 has 

been achieved. Therefore, W.O.M.A.N. stands 72% 

cheaper than regular tablets available in the market. It 

contains most essential components required for the 

smooth functioning at a very low rate. 

 

3.2 Price of Other Approaches 

If the tinyDuino Shield is taken into consideration 

along with the features of a numeric keypad for better 

user interface and more transparent user interaction 

with the software, the price goes upto Rs.3800 since a 

tinyDuino costs around Rs.1400 and a numeric 

keypad costs around Rs.400. This shows that, with a 

little upgradation in the features the price still remains 

less than Rs. 5000. Hence, the user experience can be 

improved with the upgradation of a certain 

components. 

 

3.3 Future Work 

Possible outcomes of this device would be more 

educated and technologically aware rural women. 

This would help build a more technologically secure 

nation. A new version with more advanced features 

and better components can be developed for women 

who have used and mastered the previous versions. 

This would allow them to explore various facets of 

technology. They may exchange the old one and 

receive the new one at lower rates. 
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