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Chapter 1 

COVID-19 Quarantine Alert System (CQAS) –Big Data Analytics and Geo-fencing enabled 
comprehensive system for real time quarantine monitoring of COVID-19 patients 

Authors: 1. Shri. Naveen Jakhar, 2. Shri. Atul Joshi and 3. Shri. Pranay Diwakar–Department of 
Telecommunications, Government of India , O/o Senior Deputy Director General, Haryana LSA –107 
The Mall, Ambala Cantt, Haryana 

Email id: Naveen.jakhar50@gov.in, Atul.joshi1@gov.in, Diwakar.pranay@gov.in  

Abstract: 

Covid-19 pandemic has emerged as a unique challenge for leveraging Next Gen technologies in curbing 
the crisis. Tech-enabled contact tracing and quarantine management have played the most crucial 
role in the fight against Covid-19 Pandemic. In order to monitor people under quarantine, various 
Govts across the globe have been using multiple tech-based solutions like wrist-bands, GPS-based 
monitoring apps, CCTV surveillance, monitoring through drone-cameras and AI-based facial 
recognition systems etc. The paper presents Covid-19 Quarantine Alert System (CQAS), indigenous 
and innovative solution developed by DoT, Govt. of India using Big Data Analytics and GIS mapping 
platform for real time quarantine monitoring of Covid-19 positive patients and suspected cases who 
have been advised to stay in quarantine by authorities. It is a comprehensive solution which works not 
only for smartphones but also for feature phones, for effective monitoring, management and 
enforcement of the quarantine geo-fence, a virtual boundary. CQAS tracks the breach of geo-fence 
when the confirmed or potential Covid-19 positive person(s) move away from his/her quarantined 
location and automatically triggers SMS/email alerts to the authorized Government agency.  

Index Terms: geo-fencing, e-governance, big data analytics, GIS mapping, disaster management, 
covid-19, DoT. 

I. INTRODUCTION:  

The relationship between humans and digital 
technologies has been documented 
extensively in the past decades, but Covid-19 
pandemic has posed a unique challenge. The 
call has been answered by the innovators by 
designing systems leveraging next gen 
technologies for curbing the crisis- starting 
from designing new  

 

protocols for contact tracing, quarantine 
monitoring and detecting the breaches. To 
contain the spread of Covid-19 pandemic, 
countries across the globe have enforced 
various strict-measures like lockdown, 
isolating and keeping positive cases under 
quarantine in institutional set-up and war scale 
contact tracing along with testing of suspected 
cases. 

India started taking pro-active steps for 
containment of COVID-19 by screening of 
individuals, coming to India from abroad and 
advising them home or institutional 
quarantine. With initial rise of cases of Covid-
19, Hon’ble PM of India announced Janta 
Curfew on dated 22ndMarch 2020. From 24th 
March 2020, nation went under an 
unprecedented complete lockdown. A team of 
ITS Officers envisaged the important role of 
telecom for assisting the State Governments 
and District Administration in enforcing home 
quarantine for COVID-19. The research work to 
formulate and implement a tech savvy solution 
started in the first week of March 2020. After 
analyzing the number of smart phones and 
feature phones users in Indian telecom market 
and probable solutions like GPS based APPs, 
wrist band based monitoring and telecom 
network based monitoring for quarantine geo 
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fence, the team started designing an 
indigenous solution for checking not only the 
real time locations of quarantine people but 
also for checking whether they are breaching 
the quarantine or not, and that too without 
any end user intervention.   

1. Limitation of GPS based APPs and CQAS- 
a solution beyond APPs 

In India, there are approximately 50 crores 
smart-phone users and there are 117 crores 
telecom subscribers as per latest network 
status reports of DoT December 
2019[1][2].Also 64 crores users access 
broadband using mobile and dongle devices. 
For tech enabled monitoring of patients under 
quarantine, authorities have used GPS based 
APPs. There are three basic drawbacks of these 
APPs.  

i. These apps-based solutions work only 
for smart-phones. Non-smart phone 
users especially daily-wage-earners 
are the ones who are most prone to 
covid-19 due to their potential 
proximity to other individuals to earn 
for their livelihood, shelter and food.  

ii. Secondly, smart-phone users are using 
different social media platforms and 
they are aware of the fact that they 
must stay at home and follow 
government led initiatives& 
precautionary measures, whereas the 
persons using feature phones have 
limited digital literacy. 

iii. Thirdly, considering the requirement 
of real time checking of the geo fence, 
the user intervention should be kept to 
zero while these apps are heavily 
dependent on the end user for 
enabling the location and sometimes 
uploading the pictures, which may 
lead to concealment of information.  

So, for overcoming drawbacks of GPS enabled 
solutions, a comprehensive solution was 
designed which works not only for 

smartphones but also for feature phones for 
effective monitoring, management, and 
enforcement of the quarantine and that too 
without user intervention.  

2. CQAS Architecture  

CQAS creates a virtual boundary, commonly 
known as geo-fence, around the quarantine 
premises for the targets received from the 
State/UT governments. Such targets are duly 
approved by the Home Secretary of the 
State/UT under Section 5(2) of Indian 
Telegraph Act 1885 and Section 2 of The 
Epidemic Diseases Act 1897. The geo-fence 
around quarantine location for each target is 
locked in CQAS during the period of 
quarantine.  

CQAS is having 4 modules: Target Numbers 
Segregation Module, Target Location fetching 
Module, Big Data Analytics Module and 
Automated Alert Generation Module. The 
targets are segregated operator wise by deep-
diving the Mobile Number Portability Database 
of India and added to the respective operator 
file. The real time location of the target is 
fetched from the respective telecom networks, 
periodically over a secure network with due 
protection of data. This data fetching is done 
through automated processes without any 
user dependency, which is then analyzed by 
CQAS in its Big Data Analytics Module, 
following which the alerts related to geo-fence 
breaches are generated by Automated Alert 
Generation Module and sent to the state 
administration and district authorities for 
ground level enforcement of quarantine. 
Pictographic representation of CQAS 
architecture is shown in Fig. 1 and Fig. 2 
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Fig1. CQAS – Overview and Architecture 

 

 

Fig2. Different modules of CQAS 

The complete processing takes an average of 
less than 150 seconds for 1 lakh targets. The 
accuracy of geo fence is approx. 200-300 
meters in most of the cases.  

3. CQAS- Key Innovations and Salient 
features 

i. CQAS is sending real time alerts for 
quarantine geo-fence breaches by the 
quarantined persons to the State 
Governments authorities, right from 
the State Nodal Authority for Covid-19 
down to the District, Subdivision and 
Zonal Covid-19 Teams only on the 
designated email IDs as received by 
CQAS team. 

ii. CQAS is handling both smart-phone 
and feature phone users of all Telecom 
Service Providers (TSPs) - Airtel, BSNL, 
Reliance Jio and Vodafone Idea, 
whereas the GPS based APPs can 

handle only smart phones. CQAS uses 
the Location Based Services (LBS) of 
telecom networks for fetching the 
location of the targets.  

iii. CQAS is updating the quarantine 
breach alert data on State Govt. GIS 
Portals as well as their State Data 
Centers in a secure and automated 
manner for better representation to 
state authorities.  

iv. CQAS is plotting the quarantine geo-
fence breach alerts on NDMA and 
SDMA GIS Portals with multi-feature 
layered map. This multi-feature 
layered map shows the present 
location of the target, the quarantine 
location, total breach count and 
repeated offender count for easier 
visualization by the higher authorities 
which in turn helps to make informed 
decisions related to lockdown and 
declaring quarantine zones.   

v. CQAS does not require human 
intervention of keeping the GPS 
Location always ON for the mobile 
device. It provides an edge over GPS 
based solutions which are dependent 
on human behavior and works only for 
smart phones.  

vi. CQAS Location Fetching engine 
provides an edge over GPS as GPS is a 
fair-weather technology and provides 
limited accuracy in indoor conditions 
where the suspect has to stay during 
quarantine period. However, 
Complete end-to-end, Big Data 
Analytics Engine was designed by 
CQAS team for fetching the real time 
location of the targets using Location 
Based Services Algorithms in Telecom 
networks which is independent of type 
of phone (Smart or feature) or 
irrespective of GPS enabled feature in 
phone making it comprehensive and 
inclusive solution. 
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vii. CQAS is capable of sending alerts for 
switched OFF/ unreachable mobile 
phones as well. 

viii. CQAS has aided the State Govts in 
localizing the migrants for providing 
timely help and relief to them in terms 
of food; makeshift shelter and 
travelling facilities etc, who remained 
stranded at different locations due to 
complete lockdown and unavailability 
of transport, food, and shelter. 

ix. End-to-end secure connectivity 
between all the TSPs across all states 
of India to a centralized system was 
designed for secure data transfer.  

x. An automated alert generation 
module was designed to send alerts 
only to pre-designated email IDs of the 
State/UT Govts Nodal Officers, District 
Nodal Officers.  

xi. API based connectivity was designed 
for State/UT Governments for directly 
populating the 'Breached statistics' on 
their State Data Centers in real -time 
basis for better management of 
Hotspots regions. 

xii. Statistical modeling has been done to 
avoid any glitch or discrepancy in data 
related to location of the targets due 
to environmental disturbances 
affecting wireless telecom networks 
for filtering such erroneous results and 
generating results with more than 99% 
confidence every time.  

xiii. CQAS is customizable and capable of 
sharing the results every 15 minutes to 
55 minutes for the targets breaching 
Quarantine Geo-fence.  

xiv. CQAS has been designed using 
modular and scalable architecture; it 
takes less than 1 minute to integrate 
any new State or District in CQAS 
hence provide higher robustness. 

xv. CQAS is housed in a secure and 
militarized environment with Intrusion 
Protection System (IPS) in place. No 
external IP can contact the CQAS 
application due to whitelisting of only 
authorized IPs at the firewall.  

xvi. The targets are automatically de-
provisioned at 23:59 hours of the last 
day of the period as per timeline 
provided by State Govt to put target 
under CQAS system. The data is 
automatically purged for the target 
from CQAS once the target has been 
de-provisioned from CQAS. 

xvii. Due precautions have been taken in 
processing of Personally Identifiable 
Information (PII) in the data handled in 
reference to containment of COVID-
19, so that it is stored, processed, and 
analyzed in a secure environment.  

Salient features of CQAS project are shown in 
figure. 3 

 

Fig3. Salient Features of CQAS 

II. How CQAS is assisting the State Govts. in 
containment of COVID-19 

CQAS is helping the State governments, Local 
administration, and Police for ground level 
enforcement of quarantine. It is proving to be 
a tech-savvy solution to monitor the 
quarantine breaches in containment zones and 
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hotspot areas, thereby effectively utilizing the 
human resources in the fight against covid-19 
pandemic. 

Bihar and Andhra Pradesh were the firsts to 
come on board the DoT-CQAS on dated 29-03-
2020. So, far DoT CQAS has been used by 18 
State and Union Territory Governments 
namely Kerala, Bihar, Haryana, Punjab, 
Rajasthan, Delhi, Andhra Pradesh, Telangana, 
West Bengal, Madhya Pradesh, Karnataka, 
Maharashtra, Chhattisgarh, Meghalaya, 
Nagaland, Gujarat, Puducherry and Tamil 
Nadu, handling approx. 33.50 lakh targets and 
generating more than 20.50 crore quarantine 
breach alerts.  

As shown in Fig 4& 5, CQAS has been 
integrated with NDMA GIS Portal from where 
the Central Govt. as well as State Govts. can 
see the actual movements of the quarantine 
offenders using the multi feature layered map. 
The segregation can be done based on home 
location and present location as well. The 
information related to repeated offenders is 
also plotted for each target. Using API 
Integration, CQAS has been integrated with 
State/UT Covid-19 dashboards and GIS Portals.  

 

 

Fig4. Integration of DoT CQAS with NDMA GIS 
and States Data Centers and GIS Dashboards 

 

Fig5. CQAS- NDMA GISIntegrated setup for 
plotting the geo-fence quarantine breaches 

III. Objectives Achieved  

i. The CQAS has been assisting the State 
governments, Local administration, 
and police for ground level 
enforcement of quarantine since 29th 
March 2020. It has played a pivot role 
in effectively utilizing the human 
resources in the fight against covid-19 
pandemic. 

ii. CQAS has been designed with ZERO 
cost and without incurring any 
additional expenditure. The services 
have been made available to State/UT 
Govts without any cost.  

iii. CQAS has been used by 18 State/UTs, 
handling 33.50 lakh targets and 
generating more than 18.34 crore 
quarantine breach alerts. It helped in 
containment of pandemic across 475 
Districts of India, catering to more 
than 80 crores Indian Citizens as 
mentioned in Table 1. This technology 
solution increased efficiency of State 
Govts/Local administration/Police 
approx. by 80 times, helping ground 
level enforcement of quarantine. Local 
Administrations have issued warnings, 
imposed fines, and lodged FIRs against 
repeated offenders creating 
deterrence for breach of Covid related 
protocol.  
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iv. CQAS has been made an integral 
component of SOPs formulated by 
more than 10 State Govts for handling 
Covid-19. 

Table 1: Number of Targets served by DoT 
CQAS from 29th March 2020 to till date 

 

IV. CONCLUSION 

Strict and real time enforcement of quarantine 
was prime requirement to contain spread of 
Covid-19. Problem statement was to design an 
automated system of detecting breach of 
quarantine geo fence for 1.2 billion mobile 
subscribers having smart as well as feature 
phones. CQAS works efficiently irrespective of 
Mobile phone type. There is no need of 
installing any APP or user intervention like 
keeping the GPS location and internet services 
on.  

Stakeholder consultation was done with all 
Telecom Service Providers, MHA and NDMA. 
CQAS uses highly scalable architecture based 
on Python with GUI based analytics, traversal 
graphs and Pi-charts for easier visualization. 
Geographical Information System (GIS) 
Mapping was enabled for all States/UTs. 

It has proved to be a tech-savvy solution to 
monitor the quarantine breaches in 
containment zones and hotspot areas, without 

requiring physical presence of enforcement 
teams in every nook and corner for manually 
monitoring each case, thereby effectively 
utilizing the human resources in the fight 
against covid-19 pandemic. CQAS has 
increased the efficiency of quarantine 
management by 8000%. CQAS team is working 
for further standardizing it as a solution for 
tackling any disaster or emergency.  
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Abstract

Ever since transportation was made feasible, every corner in the world has been knit together in a 
comfortable way. In India, the roadway plays a major role in transportation and has a wide range of 
connectivity being the largest network in the world only second to United States. India is not only 
leading in best road connectivity but also leading in maximum number of road accidents in the world 
according to Economic Times, Feb 2021. Though Ministry of Road Transport and Highways (MoRTH) 
has taken various measures to curb this growing fatality rate, the growth has crossed the threshold 
each year leaving the Ministry concerned. This paper has gathered all the data, processed the 
information, studied various use cases and proposed Integrated Road Accident Database (IRAD) as a 
solution for reducing the death rate caused by accidents. Going forward and contributing for Indian 
Ecosystem Architecture 2.0, the implementation of IRAD shall result in reducing road accidents in India 
by adapting a systematic technical approach involving various data contributors and data consumers 
starting from the scene of the accident itself. IRAD involves a challenging number of stakeholders 
connected in a common platform using different Application Program Interfaces (API), contributing 
different data for the central registry. Implementation of this solution in all the states of India shall 
reduce the biggest challenge faced by our country, to reduce the growth of fatalities occurring due to 
accidents. 

Keywords: MoRTH, Accident Database, Integrated Road Accident Database, India Road accident 
Repository, IRAD, API,TARA (Transportation Accident Reporting App), Indian Ecosystem Architecture. 

Introduction 

In this era, transportation is an essential service. 
The world is well connected because of the 
transport system. Improvement in 
transportation system is making the world small 
but at the same  

 

time leads to increased risks during  
transportation. The road safety and awareness is 
very meager to most people of the world. As per 
MoRTH, India's road network as on 31.03.2017 

 
1https://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=w
eb&cd=&ved=2ahUKEwiVu-
6JmuDyAhUQfX0KHUQVDocQFnoECBcQAQ&url=https%3A
%2F%2Fmorth.nic.in%2Fsites%2Fdefault%2Ffiles%2FBasic%25

was 58.98 lakh km.1With a great surge in 
infrastructure development along comes the risk 
factors for the developing countries. India ranks 
first in the number of road accident deaths 
across the 199 countries and accounts for almost 
11% of the accident related deaths in the 
World.2Road accidents in India have increasingly 
been a matter of concern. The number of 
accidents and fatalities varies from 5,01,423 
accidents and 1,31,726 fatalities in 2015 to 
4,64,910 accidents and 1,34,796 fatalities in 
2017. Road safety campaign alone was not 
sufficient to curb mass fatalities. Each state had 

20_Road_Statics_of_India.pdf&usg=AOvVaw20G9I
0CWYQFgK-zjuZwz_w 

2https://morth.nic.in/sites/default/files/Basic%20_Ro
ad_Statics_of_India.pdf 
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a different reason and variable parameters 
causing the road accidents. Timely 
communication and authentic report of accident 
avoids further fatal cases.  

Hence, with a view to identify accident spots 
accurately and taking corrective steps at project 
as well as policy level, a new systematic 
approach needs to be created. With the growth 
in technology, road accidents can be prevented 
if the data is used in appropriate manner. But 

the challenges are in gathering the data and 
officials that can contribute in the collection of 
authentic data which can be life saving for 
victims who met accident on the road. The 
United Nations e-Governance survey 
emphasized on a whole-of-government 
approach, policy integration and use of Big Data 
Analytics to provide better governance to 
citizens. These trends require breaking of 
sectoral barriers and silos & re-architecting the 
Government as a single enterprise. 3

Chart 1: Flowchart of Research Methodology Adopted

 

 

 

 

 

 

 

 

 
3https://www.meity.gov.in/india-enterpise-architecture-indea 
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standardized survey form was used to 
recommend measures to be adopted for road 
safety and policies needed to bring down road 
accidents. It was also shown that there is no 
relation between a country’s income level and  
specific fatality rates of the road users. 

Abdulhameed Ali Al-Thaifani.(2016). Study of 
the Injured Persons and the Injury Pattern in 
Road Traffic Accident in Sana’a City, Yemen 

Mortality rates per 100000 of the population 
were 15.17 in 2013, 12.2 in 2014, and 8.9 in 
2015. High speed was the single most important 
factor responsible for accidents, deaths, and 
injuries accounting for 38.1% of RTAs followed 
by drivers’ fault accounting for 18.9% of the total 
RTAs. The most common age group involved was 
≥18 years. Males accounted for 83.1% of killed 
and injured persons. Most frequent victims of 
road traffic accidents were vehicles motor 
(48.9%) followed by pedestrians (38.1%). More 
than half of RTAs occurred on the straight 
road.  Preventive measures to reduce the 
burden of mortality and morbidity due to road 
accidents should be introduced. 
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Patil SS, Kakade R, Durgawale P, Kakade S. 
Pattern of road traffic injuries: a study from 
Western Maharashtra. Indian J Community 
Med. 2008;33(1):56-57. doi:10.4103/0970-
0218.39248 

This study, takes into account road traffic 
injuries due to all types of vehicles unlike the 
referential studies conducted. The extremities 
are more vulnerable to injuries especially in 
motorcyclists because they are unprotected. 
The male-to-female ratio was 4.6:1. It was 
observed that 80% of the victims were males. In 
this study, the vehicle occupants constituted the 
highest (49.7%). Maximum (31.9%) pedestrians 
were injured by motorized two wheelers. 
Among the drivers, motorized two-wheeler 
drivers (61.2%) were commonly involved.  

Problem Statement: 

The parameters that cause road accident differ 
from state to state, district to district and even 
taluk to taluk. A policy level change and a new 
systematic approach have to be dwelled upon to 
curb the spike in accident growth. For doing the 
analysis and arriving at a conclusion we need 
huge amount of accurate data from various 
authentic stake holders at the time of accident. 
These parameters collected shall not only save 
the victims but also should prevent one such 
accident in near future that may happen at the 
same spot or given the conditions at a similar 
spot. 

Objective: 

 The main objective of iRAD project is to 
collect each & every road accident data 
happening throughout the country to 
prepare a database.  

 Analysis of the database using data 
analytics technique to understand the 
causes of the accident.  

 Accordingly formulate new 
policies/improve infrastructure/spread 
awareness to facilitate reduction in the 
number of road accidents. 

 Improvement of road safety in India.  

Proposed Solution: IRAD 

Integrated Road Accident Database (IRAD) is 
proposed as a single unified solution for all 
states in India as a measure to curb accidents. 
The objective is to collate various causal factors 
related to the road accident to form the basis for 
an in-depth analysis and necessary policy 
intervention towards road safety. Thus IRAD was 
taken up as an attempt to work in the direction 
of enhancing road safety with a view to 
accurately identifying accident spots as well as 
the cause of accident and further taking 
corrective steps to develop a database of road 
accident spots in India under “Integrated Road 
Accident Database (IRAD)”. 

IRAD shall function as a central registry, which 
shall host all the accident data, updated / 
accessed through customized interfaces for the 
various actors / stakeholders viz. Police, Health, 
Transport and Highways etc. An enhanced 
mobile application shall be developed, which 
shall facilitate the police personnel, attending 
the road accident, to record and cover all 
relevant information which may be required for 
further investigations. 

 Broadly, the field application will cover 
segments such as Accident 
Identification Details, Road 
environment related details, Vehicles 
involved in accident, Driver details and 
Persons other than drivers involved in 
the accident, along with the necessary 
audio, video and images.  

 The application will have necessary 
provisions in consonance with the login 
credentials, to view the accident 
summary at Station, District, State and 
National level.  

 Necessary APIs for the applications of 
the stakeholder’s viz. Police, Transport, 
health, ambulance has to be tied up with 
IRAD through web services. 
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 The mobile app shall provide feasibility 
to integrate Ambulatory services, 
particularly the 108 ambulances, 
Insurance companies, Courts, Blood 
Banks, Medical Records etc., 
subsequently. 

 The application will also have credential 
relevant dash boards with charts and 
reports that can be further customized 
for states. Different parameters will be 
used for generating multiple reports for 
analysis. The dashboards will have the 
summary results of the data collected 
from the field application. 

 The macro results of these analyses will 
also be made available on the IRAD 
application over the handheld devices. 

Technology Involved 

The paper discusses in detail the existing 
technology and related case study for 
collecting/collating the data.  

Smart Phone based app: The smart phone based 
app is a great boon for the data gathering and 
sending. Various formats of data can be 
collected and shared using a smart phone. The 
essential technologies required for the services 
of gathering accident data are readily available 
in a smart phone. The Global Positioning System 
(GPS), Camera, Audio recorder and Apps may 
prove to be vital tools for collating the 
information.  

Application Program Interface (API): API has to 
be built to cater the requirement of vital data 
exchange and facilitating the authenticity. The 
data gathered has to be pushed through APIs for 
data collection at large scale followed by 
analytics. The data needs to be  

pushed through APIs to Health, Transport, 
Highways, Police department systems and in 
turn process more information to be analyzed by 
the central registry. 

Web Services: The web services can be used to 
push and get data from different APIs and collate 
the data in central registry. The web services can 
be again used to push the refined categorized 
data into dashboard for monitoring. 

Monitoring System: The data collected has to be 
put to study and analysis. The data is uploaded 
on dashboard for analysis of Dynamic Reports, 
MoRTH standard reports, Kilometric Analysis, 
Grid Analysis, Cluster Analysis, Safety Impact 
analysis and various other reports. These 
monitoring services can be provided by the 
Analytic dashboards. 

Data Repository: Data gathered at each black 
spot of the accidental area is recorded with  

authentic data and the reasons behind the 
accident. The information is gathered for the 
entire country for various purposes of road 
safety and to take right precautionary steps. 
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Sl. 
No. 

District 
Name 

Accident 
Location 

NH  Reasons for frequent 
accidents 

Nature of treatment 
at the specific sport/ 
stretches 

1. Kanchipura
m 

Poonerikarai to 
White gate 
between 2 Km 

4 Dark Place, Poor 
lighting, Dangerous 
overtaking, High 
Speed, Traffic rule 
violation, Inattentive 
turn speed Prohibited 

Caution Board, Speed 
Breaker, Tower 
lighting requirement, 
Changing lane without 
due care 

2. Kanchipura
m 

1. Panapakkam 
Road Jn 

2. Dhamal By-
pass 

3. 
BalachettyChatra
m By-pass 

4. 
Ariyaperumbakk
am Road Jn. 

5. Chiterimedu 
Jn. 3 Km 

4 1.  Pedestrian Crossing 

2. Vehicle Crossing 

1. Ambulance may be 
parked near 
Poonerikarai Jn. 

2. Light and caution 
board needed 

Table 1: Sample data of black spots from MoRTH 

Case Study: TARA 

The proposed solution has undergone various 
changes and improvements after studying the 
TARA app in detail. The State of Tamil Nadu has 
taken a step in reducing the number of accidents 
with the help of Transportation Accident 
Reporting App (TARA). It is a program where 
data is gathered and analyzed for interventions 
of accidents. In 2017, Tamil Nadu recorded 
16,157  

 

accident deaths which came down to 12,213 in 
2018 by 24.39% after implementation of TARA, 
a huge achievement in a year. A State-level App 
has produced a considerable change in entire 
statistics of accidental deaths. Considering the 
success rate of TARA and applying further 
technologies required for a nationwide database 
the proposed solution emerged into a real time 
application Integrated Road Accident Database 
(IRAD) making it a large scale application. 
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Architecture Design

 

Fig 1: Architectural Process Flow of IRAD 

 Architecture, detailed design for IRAD 
system to meet the requirement of all 
States and Union Territories’ (UT)has 
been framed.  

 The design shall include system 
improvement based on feedback from 
users of existing systems in India and 
enhanced analytical capabilities based 
on international best practice.  

 The specifications and system 
performance requirements, as 
approved by Ministry of Road Transport 
and Highways (MoRTH), shall define the 
outputs to be delivered. 

 Provide specifications for procuring 
handheld devices for the Police/Armed 
reserves attending the accident spot. 

 Police and Armed Reserve to enter 
details collected at the spot of accident. 

 Opportunities to incorporate inputs 
from Road users to be considered. 

 Briefing all Stakeholders regarding their 
roles. 

 Develop training content (user manual - 
print media, videos )and pedagogy for 
all States/UTs and additional training 
programmes where-ever necessary. 

 Training of trainers/master trainers 
identified by the States and National 
Informatics Centre. 

 Feature to call ambulance through app 
as well as integration of IRAD 
applications with the GIS and other APIs 
with CCTNS, Sarathi, Vahan and 
Emergency departments which includes 
integration to all other existing relevant 
applications for all States/UTs. 

 Monitor quality of data and based on 
constant feedback. 
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 Perform analysis based on collected 
data for further 
improvement/corrective measures to 
be taken at accident spot/accident 
prone areas by the concerned Road 
Authority.  

 Accident analysis capabilities shall be 
included in the system. 

 Setup of helpdesk to facilitate end users 
across the country for smooth 
implementation of IRAD. 

 Approval of State wise requirements for 
IRAD software for example sudden 
landslides, flashfloods in mountain 
regions can lead to Road damage and 
hence accident. 

 Keeping a track of number of IRAD app 
downloads (web/mobile) shall ensure 
more usage of app and increase in 
number of cases registered. 

 

The proposed solution is carefully crafted into a 
workable architectural solution involving all the 
stakeholders .The design enriches the databases 
of the various data contributors. It also shares 
updates through Daily Digest and other 
channels, so that necessary action may be 
initiated by the concerned departments. The 
architecture is designed for cloud establishment 
using the Spatial layers viz. location of accidents 
collected using IRAD application in GIS format 
WMS services. Further, it will also extend the 
services for other layers such as roads, 
landmarks, police station jurisdictions, 
ambulances location etc., wherever it is made 
available by the respective States. The following 
report shows the recent results after 
implementation of IRAD in the below mentioned 
states.

 

Table 1: Recent Report after implementation of IRAD

Performance Analysis of IRAD Application 

Apache JMeter is an open source, Java based, load testing tool which comes handy in testing 
perormance of the IRAD app, specifically the load testing. The mobile application is set the connection 
over JMeter's proxy, thus all test flow are recorded to JMeter's Test Plan. Once the recording of all the 
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test flows of the application are done, the Test Plan is saved. After playing the Test Plan , the result 
can be viewed and the response displayed for each request in 'View Result Tree'. The testing is carried 
out further by refining correlation, parameterization, etc. 

Chart 2: Load Testing the app 

Chart 3: Load testing the web application 

Conclusion 

Curbing the accidental deaths is the aim of the research and the paper has briefed the challenges in 
designing an environment which involves in curtailing the accidental deaths. The solution is proposed 
and case study researched and analyzed. A small change brought in by TARA in Tamil Nadu showed 
decrease of 23 % in fatality rate which is now been scaled for the entire nation after implementation 
of IRAD as a solution. The performance evaluation also gives the scaled output with respect to load. 
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The load testing of the application through Jmeter has shown the steady increase in response and the 
weightage when key parameters are changed or played, both the web application and the app gives 
0% error and moves forward with 99.98% response time. Ministry has now planned to implement 
extend the solution as project in all major states in the country. Death fatalities have been growing in 
spite of growth in recent technologies, this is a small effort when implemented proved reduction in 
the accidental deaths in large scale in the country. India is moving in the right direction by taking leaps 
in technology and building new architecture for the country’s ecosystem and growth which makes it 
a role model for various other developing countries. 
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Abstract  

In the past few years e-delivery of public services have experienced significant expansions. Besides, 
government has issued policies to bring ease in setting up of business units. The businesses are also 
working hand in hand with the State Governments. Therefore, it is equally important that business 
partners have hassle free episode with government once they are on boarded for working directly on 
the Government assignments. Though the entire correspondences between both the parties are 
manual and especially the pandemic has made it more loud & clear that there is a need of digitalization 
of this space. 

For transparency and accountability in the system, Department of Information &Technology, 
Government of Rajasthan has developed “e-Business portal (Business to Government Portal)”, a 
digital platform for faster correspondence between government and business partners through single 
window services adhering to the objective of governance through technology. e-Business is a state 
wide application with usage by more than 5 lakh officials covering all the Government offices (more 
than 30K) across the State.  

The paper describes innovative features of e-business portal and the methodology for bringing 
stakeholders on the digital platform for all sorts of communications. 

Index Terms- Business to Government Portal, Business Partners/Vendors, Governance, 
Communications, Dashboard, Digital Platform. 

INTRODUCTION  

Government of Rajasthan envisions paperless 
working in the departments; and to fulfil this 
objective Business to Government portal has 
been developed for online correspondence 
between government departments and its 
business partners. The digital initiative has also  

brought transparency and accountability in the 
governance. e-Business portal is a centralized 
workflow based software application, which is 
a gateway for anytime, anywhere and any type 
of online communication between the 
government offices and the business entities. 

Figure 1: e-Business Communication Cycle 

NEED OF E-BUSINESS PORTAL 

In the current system, number of business 
partners (Service Providers/OEMs/private 
companies/agencies etc.) engages with the 
government departments for execution of 
projects/works. While working together; lot of 
correspondence such as for earnest money 
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return request, payment invoice submission, 
complaint, suggestions, general issues, pre-bid 
queries etc. also takes place between business 
entities and departments. On the other side, 
departments may have to write to business 
partners regarding delay in completion of 
work, work completion certificate, issue of 
notice etc. As of now, all the correspondence 
from both the entities is done manually.  

This offline process is time consuming. Due to 
the manual process, the business partners are 
unable to ascertain the status of the 
proceedings in relation to their 
correspondence. 

Recently, due to pandemic even Governments 
have accepted online platforms in all the 
sectors and entire system was operational 
through remote working, still the business 
partners had to struggle immensely for 
submitting the papers offline in the respective 
office. Regardless, users are unsure regarding 
the processing of their request and the impact 
is wholesome on growth of both businesses 
and the citizens of the State.  

ABOUT e-BUSINESS PORTAL 

Business to Government Portal has been 
designed to act as one stop shop for the 
business partners engage with the 
Government of Rajasthan. Portal acts as a 
communication gateway between government 
departments and their business partners thus 
increasing the transparency and accountability 
in the system. 

The portal is first of its kind in the country to 
provide ease to the business community in 
interacting with the Government 
Departments.  

Figure 2: e-Business Portal (public interface 

Stakeholders 

 All Govt. Departments & affiliated 
bodies of State Government of 
Rajasthan   

 All business entities engage with the 
Government of Rajasthan 

 

Figure 3: e-Business Stakeholders 

Key Functionalities 

e-Business portal has a user friendly public 
interface available in both Hindi & English 
language, which is accessible through 
https://ebusiness.rajasthan.gov.in. All the 
features of the interface are also dynamic and 
do not have any dependency on the 
development team. The project also has a 
complete back-end where role based access is 
given to the stakeholders- government officials 
and vendors (business partners). 

Different roles/user types are defined in the 
portal: 
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Table 1 e-Business User Types 

Administra
tor  

Department 
Level 

Vendor 
Level 

o System 
Administra
tor 

o Admin for 
user 
creation  

o Department 
HOD (Head of 
Department) 

o Department 
Reception 
(Level 1) 

o Department 
Office Staff 
(Level 2) 

o Vendor 
Admin  

o Vendor 
Staff  

o Departm
ent wise 

o District 
wise 

o Office 
wise 

o Project 
wise  

 

Ways of communication 

e-Business is a platform for online interaction 
between stakeholders which can be done in 
the following ways:  

 Vendor to Department 

 Department to Vendor  

 Department to Department 

 

Figure 4: e-Business Communication 

Main features of the portal 

For Vendors (Business Partners) 

 Registration of vendor(s) along with 
banking details (one-time activity) 

 Define a project group (an umbrella 
project which has no. of projects under 
it) 

 Define a project 
 Creation of Work orders assigned (for 

execution of task)  

 Initiate/Re-open communication with 
the Department  

 Receives communication initiated by 
Department. Process and submit the 
reply. 

 Dashboard based on Vendor Level  
 Suggestion & Feedback  

For Departments /Offices 

 Receives communication initiated 
by Vendor. Can take following 
actions:  

o Accept  
o Reject 
o Return 
o Transfer  
o Dispose 

 Transfer the communication to 
another user  

o In same office  
o In different office  
o In different department  

 Recall the transferred request 

 Reports & Dashboards based on 
Department User Level 

 

Figure 5: Dashboard 

Communication and its types 

The correspondence between government 
departments and business entities is termed as 
communication in the system. The 
communications can be created dynamically 
on run time by the system administrator. Few 
communications have been defined in the 
system based on the study in the departments.  
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Table 2 Types of Communication 

Vendor Communication 
(Initiated by Vendor) 

Departmental 
Communication 
(Initiated by 
Department) 

o General 
Communication 

o Return/Refund 
Request Form 

o Earnest Money 
Deposit Return 
Form 

o Pre Bid Queries 
o Invoice Submission 
o Delay in security 

deposit 
o Payment Reminder 
o Complaint / 

Suggestion 
o Documents 

Submission  
o Installation Report 
o Delay in 

Installation/Delivery  
o Site not ready 
o Penalty Waive off  
o Clarification 

o Issue of work 
order 

o Intimation to 
the vendor 

o Performance 
improvement  

o Delay in work 
completion 

o Issue Notice 
o Show Cause 

notice 
o Blacklist 
o Improper 

goods 
supplied 

o Improper 
services 

o Deviation 
from Work 
Order  

o Non 
Compliance 
of SLA 

o Return of  
Goods 

 

The users in the system are notified on change 
in status of the communication through SMS 
and e-Mail.  

System Workflow 

e-Business is a workflow based application 
software where the communications initiated 
by the user is processed online and notification 
is sent to the user at each stage.  

A. When the communication is initiated by 
the vendor, the system flows as below:  

 

Figure 6: Vendor-to-Department Work Flow 

B. When the communication is initiated by 
the Department, the system flows as 
below:  

 

 

Figure 7: Department-to-Vendor Work Flow 

KEY BENEFITS  

The portal is a successful step for bringing 
enormous amount of benefits for both the 
Government and the business entities and few 
of them are listed below:  

For Business Partners 

o Reduced physical visits to the 
Government offices. 

o Hassle-free filing of online 
communication without any 
dependency. 

o Reduction in fraud/corruption. 
o Online acknowledgement receipt. 
o Faster processing. 
o Online status tracking. 
o Automated alerts. 

For Government Departments 
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o Paper less delivery. 
o Accountability of government 

officials. 
o Online record of all the business 

partners engaged with the 
department. 

o Information of all the projects of 
the departments at a centralized 
location.  

o Vendor performance available 
online.  
 

TECHNOLOGY PLATFORM USED 

e-Business portal is developed using Microsoft 
technologies stack. It is a web application 
written in Dot Net, uses SQL Server 2017 
database and works on Microsoft .NET 
Framework 4.6.1. The database size is 3.4 GB 
which will be expanded as per future 
developments.  

Total 6 Virtual Machines (VMs) have been 
deployed with following specifications: 

 Processor: Intel(R) Xeon(R) CPU E5-
2690 V3 @ 2.60GHz (24 processor) 
(Core 24) 

 RAM: 128.0 GB 
 System Type: 64-bit operating system. 
 HDD: 200 GB 

The application is hosted in Rajasthan State 
Data Centre, Jaipur. 

IMPLEMENTATION METHODOLOGY  

e-Business portal has a mass level 
implementation across all the departments 
and affiliated bodies of the State Government 
of Rajasthan. To start with, few departments 
are selected for pilot implementation – Public 
Works Department, Local Self Government, 
Rural Development & Panchayati Raj, 
Department of Information & Public Relations 
along with Udaipur & Jodhpur Collectorates.  

Looking at the scale of implementation, master 
trainers have been identified in each 
department and district Collectorate who are 
trained on the portal. For successful 

implementation of the project, more than 100 
trainings through Video conferencing have 
already been provided. The master trainers are 
also the “Admin for login creation (ADLC)” who 
can further create ADLCs in the assigned 
department/district. 

The orders of implementation in the 
departments have been issued by the Chief 
Secretary, Government of Rajasthan.  

KEY IMPACT OF DIGITAL COMMUNICATION 

 Saving paper and government 
resources. 

 Digital literacy of the entire 
government officials.  

 Improved communication approach & 
reinforced the relationships with 
business community.  

 Reduced expenses and time saving. 
 Real time feedback from business 

partners for effective formulation of 
processes and policies. 

THE ROAD AHEAD  

This is a beginning of another level of digital 
service delivery by the Government Sector. 
Hence, the domain has a huge scope of future 
developments. Digitization of business to 
government transactions opens up new 
opportunities. Some of them are listed below: 

 Integration with online databases for 
instant verification will save huge 
amount of manual efforts.  

 Mobile Application of e-business portal 
for providing another edge of 
convenience in working with the 
Government of Rajasthan.  

 Building new government process 
based on results from analytics on the 
data generated through online 
transactions will give insight on the areas 
of improvement and informed actions 
by decision makers. 

 Bringing business closer to Government 
will help opening more avenues and 
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impacts on the overall growth of the 
citizens and the businesses.  

 Replication in other States as the portal 
is the intellectual property rights of 
Government of Rajasthan. 

CONCLUSION 

This paper concludes with an innovation 
towards digital approach for enriched 
governance and uninterrupted functioning of 
business partners during their engagement 
with the Government of Rajasthan. Thus, 
fulfilling the government’s objective of better 
governance through technology. e-Business 
portal aims to provide anytime, anywhere 
services for correspondence with the third 
parties engages with the Government of 
Rajasthan. Given the significance of the 
business transactions and its unparalleled 
growth in the near future, it is imperative that 
e-business portal is robust and scalable to 
implement dynamically growing various types 
of communications. The digital platform is a 
step ahead in providing easy solution for the 
correspondence between business & 
government departments for a faster, more 
reliable, secure and transparent functioning of 

the process. The electronic data generated 
using online portal will enhance top 
management decision making, thus facilitating 
Government to Business and Government to 
Government dialogues. 
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Abstract:  

Schools are an important asset of any modern 
society, where student get trained and 
nurtured into future citizen. Hence it is 
imperative to assign the highest level of quality 
standards to school premises and access roads 
to them. With the looming of COVID 19, 
education in schools and colleges were 
completely disrupted. Some schools resumed 
their operation by offering online classes, 
however there wasn’t any uniformity of 
curriculum, proper evaluation and opportunity 
of interactions between students and teachers.  
There had been several cases of road accidents 
and polluted environment that had been 
affecting the student community for their 
safety inside the school and while they travel to 
and back from the school. Smart school 
solution offering from Dehradun smart city 
along with its peripheral applications of City 
surveillance with its closed circuit television 
(CCTV), Adaptive traffic control system(ATCS) 
and Environment monitoring solutions(EMS) 
will address the Smart & Safe school 
requirements of the stake holder community of 
students, teachers and parents. 

Introduction 

Dehradun is one of the earliest set of cities 
identified by Smart city mission that had gone 
live and operational.  Dehradun smart city ltd 
(DSCL) have taken up several citizen centric 
initiatives as part of its implementation 
program and have ushered in improving the 
citizen experience and live-ability index. 
Several projects are completed that touch the 
common man’s life, like better safer and wider 
city roads with multi-utility ducts for the utility 
service providers. As part of the ICT initiatives 
DSCL have completed Doon Integrated 

Command Control Center (DICCC) and a 
plethora of domain solutions for the 
monitoring, managing and control of the 
citizen services.  This article describes Smart 
school solution and its DICCC solution 
integration.  

COVID 19 impact on education 

 In the post pandemic era, where the second 
wave resulted in wide spread disease COVID 19 
and heavy causality across India, public 
education had gone completely disrupted.  
Schools were closed down again, with options 
to return to the online classes.  During the 1st 
wave COVID 19, schools were closed down for 
a very long period during the lock down period 
for .  Though several services were opened up 
in the various stages of unlock, schools could 
not operate direct class mode.  There were 
fewer schools that went online and offered live 
classes with contents that were prepared by 
the teachers themselves. Due to this discrete 
online classes that were conducted by schools 
lacked uniformity and adherence to prescribed 
syllabus.  There weren’t any planned 
mechanisms available to ascertain attendance 
of teachers and students.  Teachers face 
problems in manually maintaining records of 
the student performance so that a data driven 
performance of the students could be done. In 
the pre-pandemic period, smart school were 
restricted to only some highly affluent private 
schools.  They were predominantly teaching 
contents and Smart class room that have an 
electronic LED/LCD display.  Uttarakhand the 
newly formed hill state have a large proportion 
of the population who are underprivileged and 
dependent on Govt schools.  Dehradun which 
comprises of several prestigious upper class 
schools and colleges have a large of the 
students who are enrolled in the govt schools 
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for their education.  DSCL envisioned the need 
for a wholesome school solution, have 
identified Smart schooling as one of their 
prime initiatives prior to the COVID Pandemic.  
There are three major Govt schools that have 
been taken up in the initial phase for the Smart 
school program.  

 Government Girls Inter College, Rajpur 
Road, Dehradun 

 Government Inter College, Khurbura, 
Dehradun. 

 Government Girls Junior High School, 
Khurbura, Dehradun  

There are 15 more schools that would undergo 
the Smart school implementation in the later 
phases.  

Figure 1 Dehradun city map with Smart safe schools 

 

 - School 

 - Traffic junction 

 - Environment monitoring station 

- CCTV camera 

Smart school solution 

DSCL implemented Smart school solution that 
cover all functional requirements of school and 
equipped ICT enablement in academics, 
admission, attendance management for 
students & staff, campus safety surveillance, 
Parent-Teacher interactions and feedback for 
service improvements etc.    Smart school 
became operational in the first 3 schools of 
Dehradun city on 22Feb-2018.   Below are the 
functional modules of the Smart school 
solution.  

 Learning Management System 

 Library Management System 

 Training/ Capacity Building of Teachers 

 Create parents-school interaction 
portal Mobile App/Mobile browser 

 Digital Contents 

 School Management System covering 

 Student Admission Management 

 Teacher Management  

 Attendance Management  

 Fee Management  

 Certificate Management  

 Timetable Management  

 Health Management. 

The solution have an AWS cloud hosted 
centrally placed content module and an ERP 
system that is hosted in the individual 
participant schools.  The Content have material 
for all the school subjects for CBSE classes from 
1 to 12.  ERP system provide a frontend web 
application for different user types.  User 
groups are student, teacher, parent and 
administrator (principal/head master).  ERP 
application provide client access for the 
teacher attendance, participating student 
group in the class sessions.  Web application 
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provide front end access to the respective 
teachers for their subjects.   

Provide smart school architecture diagram & 
functional components (Pic2) 

 

Figure 2 Smart school education system 
architecture diagram 

Parents of the student are provided access to 
their curriculum and non-curriculum 
performance and a live parent teacher 
association through a mobile app version of 
the solution. Smart school solution had CCTV 
camera integrated and providing live feed of 
the school campus.  This feature is to ensure a 
safe school environment for the students and 
teachers.   

Implementation of the smart school solution in 
the first three city schools of Dehradun has 
been received well by its student, teacher and 
parent community.  KPIs applicable to schools 
were determined by the smart school 
application.  There are threshold or benchmark 
figures that were compared to the school’s 
performance.  Alerts were reported to the 
stake holder community of teacher, student 
and parent in the registered mail id, mobile 
nos.  Application while providing benchmark 
figures/KPIs don’t share underlying personnel 
data, as part of respecting individual privacy.  
Separate tenant application instances are 
served to the respective school user groups. 

Figure 3 Smart school inter/intra school performance  

Dashboard

DICCC Smart school integration 

Smart school solution is integrated to the 
DICCC (DICCC), which is the Smart city solution 
where several domain solution data converge.   
The integration was carried out with restful API 
data pushed to DICCC.  DICCC has developed 
use cases with performance data reaching 
from multiple schools and a live CCTV video 
streaming.  DICCC have City surveillance, traffic 
solution, environment monitoring solutions 
that can further aid schools in terms of 

providing extended safety and a clean healthy 
environment for the schools. 

 

Figure 4 DICCC integrated dashboard for smart 
safe school 

DICCC have plans to execute inter application 
use cases linking data from smart school 
solution and other domain solutions 
mentioned.  Schools in the recent has been 
focus of antisocial elements, terrorist attacks 
and drug mafia through their suspicious 
activity to inflict attacks on the life and health 
of the future citizen community.   City 
surveillance domain solution have Video 
content analysis (VCA) use cases and AI use 
cases that can detect and report activities in 
the CCTV camera vicinity.  Use cases of all 
suspicious activities adjacent to the school 
shall tighten the security of the school.   
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Adaptive traffic management solution ATCS 
has been operational in DICCC since Oct-2020, 
that have smart traffic lights management, 4D 
radars, laser & radar traffic sensors capable of 
detecting vehicle classes, count etc.  There are 
traffic enforcement solutions like RVLD, ANPR 
cameras that detect vehicle by their 
registration number and report incidents of 
interest.  With this combination of ATCS, traffic 
enforcement and city surveillance application, 
safety of the school community can be 
extended outside the school campus. Traffic 
junctions that are adjacent to the school shall 
be categorized as “critical” and shall be closely 
monitored for violations like red signal 
violations, road crossing during the pedestrian 
green signal etc which are crucial for the 
pedestrian safety.  By ascertaining the vehicle 
count in the roads close to school, a separate 
lane would be assigned, considering the school 
bus safety.   

City GIS map with schools, ATCS Junctions, EMS 
field stations (Pic5) 

 

It is important to facilitate a healthy pollution 
free environment around the school, the 
environment monitoring sensors closer to the 
school campus can provide the vital 
information about the environmental 
pollution level of the locality.  Basis the 
pollution figures authorities shall take steps to 
check the polluting sources and initiate 
remedial action.   

DICCC will function towards coordinating 
activities that require action from various line 
departments like traffic police, city police and 
pollution control board. 

Environment monitoring system 

Dehradun Smart city had successfully 
integrated a suite of applications linking the 
Smart school solution, to accord extended 
safety of the students, even outside the 
schools.[1] Exposing children to environmental 
pollutants during important times of 
physiological development can lead to long-
lasting health problems, dysfunction, and 
disease.[2] By integrating the environment 
monitoring system and linking the pollution 
level around the school vicinity, it became 

possible to measure and alert the pollution 
control board when pollution levels go above 
limits. Thus the features of the other domain 
solutions established and functional, were 
made to provide a safe, healthy premises for 
the schools.  

Pollution detection by Environment 
monitoring system 

Environment monitoring system(EMS) have 
probes that pick up particulate, chemical and 
weather parameters on every 1 minute and 
transmit data to the EMS application and 
further passed on to the DICCC with important 
KPIs.   

Below are the parameter that are probed in 
EMS. 

 Carbon dioxide 

 Carbon monoxide 

 Sulphur dioxide 

 Nitrogen dioxide 

 Particulate PM2.5 

 Particulate PM5 

 Temperature 

 Humidity 

 Atmospheric Pressure 

 Ambient noise 

Asthma is common in children with indoor 
pollutants influencing the development of the 
disease.[3] Since children spend most of their 
time outside their homes within the school 
environment, school indoor air quality can 
directly influence their respiratory health.  
Particulate pollutants are the main cause for 
asthma, which requires to be closely 
monitored along with other chemical 
parameters that have impact on the physical 
and mental health of the children who spend 
their 6 to 8 hours of their time in school 
premises. 

City Surveillance & Intelligent traffic 
management system 

Traffic accidents and offences on school 
children can be detected by City surveillance 
and Smart traffic management system. 
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In a survey that was conducted by Indian 
Institute of Public Health-Hyderabad, Public 
Health Foundation of India, among the school 
children had found that 99% of them had faced 
traffic injuries during their travel to and back 
from school in an academic year.[4] In India 
average 15,633 children were killed in road 
accidents across India in 2015 that boils down 
to 7 times more deaths caused due to road 
accidents than due to crimes against children, 
like murder and foeticide.[5] Below is a screen 
capture about major road accidents that 
occurred in 2016 involving school children. 

 
Figure 5 Road accidents involving students  
(courtesy: SaveLIFE Foundation) 

City surveillance and smart traffic 
management systems will help identify all kind 
of offences that CCTV camera, RLVD, ANPR, 
SVD camera capture and report.  Smart school 
premises are classified to be critical about the 
traffic violations and offences.  DICCC monitor 
offers a close watch on these locations and 
help provide a focused attention to the smart 
school premises. 

Benefits- Smart Safe schooling 

DICCC integrated Smart school solution offer 
below benefits by combining City surveillance 
application, environment monitoring system 
and Smart traffic management system. 

 Uniform curriculum 

 Centrally created & updated teaching 
material 

 Digitally managed administration 

 Collaboration platform for student, 
teacher, Parent interaction 

 Perimeter CCTV surveillance system 
for school 

 Extended CCTV surveillance for 
student safety from home to school 

 Safer roads to school 

 Pollution detection for locality around 
school 

 Detect & report unlawful activities 
around school 

 

Conclusion 

DSCL has identified smart safe school as a 
priority initiative for which an integrated 
premise and environment management 
system was introduced that is being 
continuously monitored in the DICCC facility. 
The system has begun its pilot operation in 
Oct-2020 and plans to Go-live full-fledged from 
Sept-2021.  The initiative will usher in 
improved safety healthy environment for the 
school students, in addition to their Smart 
curriculum management from the Smart 
school application.  
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Abstract:  
The Odisha-One portal project aims to create an 
integrated information infrastructure that shall 
expand, integrate and enhance the utility and 
reach of the services provided by the 
government to the citizens through MSKs by 
leveraging the common infrastructure at the 
States Level. This is one of the finest decision of 
Government of Odisha to impart services to the 
citizen with the help of this kind of technological 
innovation. Odisha One is developed under the 
5T model of governance to herald a 
transformation in reach of government to the 
citizen. It Act as a catalyst in enabling the 
building of Standards based integration of e-
Governance applications. Which Enable 
integrated network of services across State by 
enabling integrated Service delivery and a 
service Oriented Architecture(SOA) leading to 
joined up government and a centralised service 
delivery platform for the citizens with AI based 
dashboard.  
Before implementation of Odisha One, citizens 
& various business entities and citizens facing lot 
of challenges for getting services. They have to 
visit various portals for different services, even 
people not aware of online platforms available 
for the services. The challenges citizens faced 
are need to visit different portal and register 
under different portals, People are deprived of 
getting services due to lack of IT Skill or 
awareness and People are standing in queue to 
get the service. 
Government has implemented Odisha One in 
phase-wise approach. In first phase Applications 
which provide utility services need to be 
identified and implemented in the first phase  
 
such as Electricity bill payment, water bill 
payment, holding tax, etc. In the second phase, 
many services having Backend Applications 
were integrated with Odisha One like Labour & 

ESI department services, SCTEVT provided 
services and Services provided by Higher 
Education Departments etc. 
This being a citizen centric and a 'demand side' 
project where the incipient demand always 
existed, there was extensive cooperation from 
them by adapting to the new system, submitting 
the required documents, paying the stipulated 
fee, checking for regular updates on services 
extended and service levels. 
 
Introduction and Description 
The Odisha-One portal has been envisioned as a 
single window for the citizens to access various 
kinds of services that are available in the state of 
Odisha. Odisha One portal is implemented as 
core framework, on top of which Department 
specific services configured.  As a result of this, 
portal technical architecture gets commissioned 
across all service provider. 
Integrated with Mo Seba Kendra: Citizen can 
walk to Kendra for availing the government 
services   
Objective: 

 To provide easy, anywhere and anytime 
access to Government Services (both 
Informational & Transactional) 

 Reduce direct interaction of citizen with 
the Government and encourage `e'-
interaction and efficient communication 
through portal 

 Promotion of uniform web interface 
across Government departments and to 
build in synergies with the any national 
level portal for services 

 Delivery of services through Common 
Service Centres (CSCs) by leveraging the 
common infrastructures like SWAN, SDC 
and Odisha-One Portal for the State. 

 Enhance perception & image of the 
Government and its constituent 
Departments 
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The problems you are trying to solve by Odisha 
One Project? 
1. Citizens has to visit different Government 
sites to avail different services. Also it happens 
that people doesn’t know about the platform 
where to avail a service. 
2. It is noticed that people who are in long 
distance from the offices are often facing issue 
on availing services and they need to visit 
government offices.  
3. People who are not aware of online system 
facing lot of issue.  
4. Existence of fraud and illegal sources and 
middlemen ship. 
 
The solutions implemented? 
 
1. Odisha One is a single window portal 
providing a one-stop shop for all the citizen 
centric services of Odisha Government.  
2. Reduce direct interaction of citizens with the 
Government and encourage ‘e-transactions’. 
3. People who are not aware of online system 
are directly benefitted by the implementation of 
availing services through assisted mode by Mo 
Seba Kendras.  
4. Odisha One also eradicate lot of unethical 
activity and help to enhance lifestyle of common 
people. People can now avail the services 
through state government authorised Mo Seba 
Kendras. 
 
The outcomes from the project? 
1. Generated employment of the people 
working in Mo Seba Kendras. 
2. Faster services delivery at doorstep and on a 
single platform. 
3. Reduced illegal and unethical activities. 
4. Reduced the turnaround time, increased 
accountability, quick feedback mechanism 
enhancing the overall monitoring. 
 
Technology: 
 

 
Functional Architecture: 

The Odisha One portal addresses all common 
services at department level. During 
implementation of the department specific 
services, services specific requirement to be 
configured on top of this Odisha One portal; in 
terms of apply services or payment through 
gateway for specific services. 
 

 
The innovations in the project? 
1. Odisha One with an idea of bringing all the 
government services in a single platform.  
2. Development of standard tool kit/ framework 
for the hassle free integration of any 
departmental services. 
3. Odisha One is collecting bill payments, 
statutory government fees on behalf of the 
department and further this amount need to be 
transferred to respective department. In this 
regard, a fully automated payment distribution 
process is developed to transfer funds to 
hundreds of different departmental accounts. 
4. Odisha One is digital transformation for 
people of Odisha which is built on: 
1. API based application integrated with end to 
end departmental services. 
2. It’s a scalable model which helped in Covid-19 
pandemic to citizen i.e: Covid-19 test results, 
Vaccine Certificates and Vaccine availability.  
3. Mobile based application with cloud enabled. 
4. Digi locker enabled for Authentication of 
certificates.   
5.AI based dashboard with robust predictive 
analysis for future expansion 
 
 
Coverage of Population: 
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Odisha One portal covers the entire population 
of the Odisha state by leveraging all the 
departmental services under state of Odisha. 
The Odisha One portal was officially inaugurated 
on 5th March, 2021 and the objective of 
providing all the government services 
irrespective of department is still in progress. 
Current status is as follows: 

1. Services to be integrated: 514 
2. Services integrated: 99 
3. On boarded MSKs: 3607 
4. In the process of On-boarding: 927 
5. District Covered: 30 
6. Total Citizen benefited:  4.37 Cr. 

 
Key Benefits of Odisha One: 
1. Generated employment through Mo Seba 
Kendra. 
2. Improved service delivery by government to 
citizen. 
3. Transformation in digital transactions. 
4. Increased transparency and accountability. 
 
Authorized Users: 
1. E & IT Department 
2. Odisha Computer Application Centre 
3. 39 departments of the state 
4. Government orgnaisations such as WATCO, 

PCCF, DG Fire Service 
5. DeGMs of 30 districts 
6. SREI Sahaj Group as SCA 
7. 3000+ Urban Level Entrepreneur/ Village 

Level Entrepreneur 
8. Registered Citizens of Odisha 
9. Registered Business entities 
OdishaOne and Mo Seba Kendra Pics 
 

 
Landing Page 
https://www.odishaone.gov.in/citizen/ 
 

 
Services from Unified Odisha One Portal 
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Mobile App and Department Features 

 
Mo Seba Kendra: Citizen can walk to Kendra for 
availing the government services 
 
Conclusion 
 
Odisha One is a state wide solution; Currently 
100 services are integrated with Odisha One. It 
is envisioned to provide 500+ services through 
Odisha One. In future expansion Integration 
with state government treasury for auto 
settlement of payment into different 
government Head of Accounts. Expanding Mo 
Seba Kendras throughout all the Geographical 
region of Odisha. So, that no citizens will face 
any problem to avail services provided by state 
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Abstract  

Management and maintenance of rural roads in the Pradhan Mantri Gram Sadak Yojna (“PMGSY”) is 
a challenge due to its vast PAN-India spread. The conventional wisdom regarding maintenance of any 
asset, including roads, is the measurement of work done and making payment(s) as per contractual 
rates. This, by itself, is not sufficient to ensure perennial performance of assets. PMGSY, for the first 
time, introduced an innovative concept of Performance Based Maintenance Contract (“PBMC”) with 
a five year defects liability period. 

The contractor who constructs the road has to ensure performance of the road during this period on 
a nominal cost. The liability of the contractor to maintain the road for the next five years, and getting 
regular payments for it, compels him to ensure quality construction also. To ensure that roads are 
always maintained in good condition, PMGSY makes it incumbent upon contractors and engineers to 
keep a record of the conditions of the complete road infrastructure throughout the year. In PBMC, 
bills are eligible for payment only after the road gets a certain minimum marks out of 100 based on 
the condition of road. Keeping updated records of such a huge asset is a big challenge. To resolve this, 
an IT driven, GIS evidence based solution is designed and implemented across India. 

Keywords- PMGSY, PBMC, eMARG, Performance Evaluation, OMMAS 

Introduction 

Over the last two decades, PMGSY has 
constructed approximately roads totaling 
6,72,610 km in length. These roads contribute to 
12% of India’s overall road network. These 
assets were built at an overwhelming  

 

cost of more than Rs. 3,32,000 crore over a 
period covering 1/4th of post-independence 
India. Maintenance of road assets is extremely 
critical from the point of view of the citizen in 
particular, and the rural economy in general. 
Timely and routine maintenance of roads post-
construction is required to ensure that this 

investment is safeguarded. The conventional 
wisdom and practices in maintenance of roads 
involves identifying/estimating repair 
requirements of roads and connected assets in 
terms of quantities, concluding a maintenance 
contract with bill of quantities, instructing the 
contractor to repair the identified damaged 
spots, measure the quantity of materials used 
and then pay the bill. The process is lengthy, 
cumbersome and prone to misuse, and does not 
guarantee that roads are in good condition all 
the time. It does not incentivize/reward the 
contractor for good quality construction that 
lead to less defects post-construction. As a 
result, while maintenance expenditure is 
incurred, the condition of roads remains 
uncertain as the performance of the road is not 
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ascertained. Emphasis is on measuring the work 
ordered and making the payment. In this 
approach, the amount of expenditure required 
for maintenance is also uncertain as there is no 
correlation with the performance outcome of 
repairs that are carried out. This is where the 
Pradhan Mantri Gram Sadak Yojana (“PMGSY”) 
introduced an innovative concept of 
Performance Based Maintenance Contracts 
(“PBMC”) and extended the defect liability 
period from the conventional one year to five 
years. During this five year defect liability period, 
the same contractor who constructs the road is 
paid a fixed amount every month to keep the 
road in good condition, irrespective of the 
amount of maintenance works carried out on 
the road.  

Innovation in Maintenance of Rural Roads & 
the Concept of PBMC: 

The concept of PBMC, which is a performance 
based system of asset management, was 
introduced and implemented perhaps for the 
first time in the country under PMGSY. The 
traditional way of contracting out road 
maintenance is based on the ‘bill of quantity 
method’, in which the work done by the 
contractor in maintaining the road is measured 
physically and the payment is done accordingly 
for different work items. These are also referred 
to as unit price contracts. In contrast, PBMCs 
define minimum conditions of road, cross 
drainage works, and traffic assets that have to 
be maintained by the contractor, as well as other 
services such as the collection and management 
of asset inventory data, call-out and attending 
emergencies, response to public requests, 
complaints and feedback. Payments are based 
on how well the contractor manages to comply 
with the performance standards or service levels 
defined in the contract, and not on the amount 
of works and services executed. In PBMC, the 
contractor has to keep the road in good riding 
condition throughout the year. No separate 
measurements are required and only routine 
inspections have to be done on a bi-monthly 
basis. Any deficiency found during an inspection 
has to be attended to by the contractor. 
Performance Contracts define a final outcome, 
and it is up to the contractor as to how he 
achieves it. Therefore, work selection, design 

and delivery are solely his responsibility, making 
the choice and application of technology and the 
pursuit of innovative materials, processes and 
management the contractor decision. This 
allocates higher risk to the contractor as 
compared to traditional contract arrangements, 
but at the same time, opens up opportunities to 
increase his margins. With improved 
efficiencies, effectiveness of design, processes, 
and proper technology usage and management, 
achieving the specified performance standards 
at reduced cost is possible.   

PBMC v. Measurement Based Maintenance:  

In traditional contracts, one pays a contractor 
based on the volume of repair work done, thus 
incentivizing the contractor to not do a good job 
at maintaining the road or constructing a poor 
quality road in the first place, as the contractor 
who constructs the road is also awarded the 
maintenance contract. Maintenance is a 
function of governance and availability of funds. 
Providing/disbursing funds without appropriate 
mechanisms or tools for supervision of routine 
maintenance does not ensure good service 
quality of roads. Lethargy in inspection and 
measurement based payments resulted in less 
than 50% of the desired expenditure on 
maintenance. PBMC is based on a visual 
inspection of the general maintenance condition 
of roads. There is no requirement for detailed 
measurement and verification of items related 
to maintenance. The contractor needs to visit 
the road regularly to observe the requirement of 
maintenance on roads and execute the works 
required to ensure good condition of the road. 
Following are main benefits of the PBMC: 

i) Cost savings - Payments are released on the 
basis of meeting minimum maintenance 
condition of roads. The target is be to keep the 
road 100% free of maintenance problem all 
around the year. The payment is done on a pre-
declared rate only and there is no provision of 
any extra expenditure to be incurred, thus 
ensuring that there is no possibility of any cost 
overrun.  

ii) Easy to operate - PBMCs are easy to operate 
as execution and payments are not based on 
measurements and no record of items executed 
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and materials consumed in the maintenance 
works has to be kept.  

iii) No risk with the Department - PBMC as well 
as defect liability make the contractor more 
responsible and the Department is at no risk.   

iv) Assurance of quality - The road has to 
perform all the time to the satisfaction of the 
road user. The contractor himself has to be 
quality conscious while constructing or doing 
any maintenance work, in order to ensure his 
own long term benefit. 

v) Achieving a sustainable road management 
system - Regular inspections are part of the 
PBMC. The defects are noticed well in time and 
the contractor has to attend to the same at the 
earliest. This makes the system more 
sustainable.   

vi) Flexibility in approach - Since the system is 
not item based, the contractor can choose his 
methodology to attend to the defects, and 
wherever possible, use innovative methods to 
keep the road in good condition. The 
Department can also schedule inspections as per 
convenience of the engineers. 

vii) Increased transparency - The payments are 
calculated on the basis of indices on a scale of 
100 points, thus ensuring transparency. 

Execution of PBMC: 

 

As per the provisions in the NRIDA Standard 
Bidding Document (“SBD”), the contractor 
submits the monthly bill for maintenance. 
Before making the payment, the performance 
evaluation has to be done.  However, the 

ultimate objective is to keep the road free from 
defects at all times. While assessing the 
performance and the amount due for payment, 
it is the responsibility of the engineer to ensure 
that the road is in serviceable condition at all 
times, to his complete satisfaction. The 
following guidelines shall be followed at the 
time of performance evaluation: 

i) Performance evaluation along with routine 
inspection shall be done every two months, and 
marks will be given according to the road 
condition at the time of inspection, as per Figure 
1.  

ii) For performance evaluation, the road is 
divided in to one kilometre or segments thereof.  

iii) During performance evaluation, the 
maintenance condition of the road is evaluated 
on the basis of performance indicators, as per 
Figure 1, out of 100 points.  

iv) If any segment of the road /entire road gets 
less than 80 marks, no payment shall be made 
for that segment/road.  

v) If the same segment of the road gets less than 
80 marks in two successive performance 
evaluations, then no payment shall be made for 
the entire road, irrespective of the marks 
obtained in other segments.  

vi) If same segment gets less than 80 marks in a 
third performance evaluation also, then action 
shall be initiated against contractor as per the 
contract. The process for termination of 
contract and encashment of bank 
guarantees/securities shall be initiated as per 
the provisions of SBD of NRIDA. This provision 
ensures that a contractor cannot ignore any 
particular segment of the road continuously for 
a long period of time. 
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 Figure 1: Parameters for Routine Inspections 
and Performance Evaluation 

Challenges in Implementation of PBMC 
Through Manual Modes:  

All PMGSY roads are covered by the initial five 
year maintenance contract along with the 
construction contract with the same contractor. 
The system of maintenance payment, though 
based on the PBMC concept, entailed 
cumbersome record keeping that resulted in 
some states deviating and making payments to 
contractors based on Bill of Quantities (“BOQ”), 
which essentially meant that payments were 
made on the basis of volume of work executed 
for maintenance. In the manual system of PBMC, 
evidence based mechanism to monitor or verify 
the actual work done in maintaining roads in 
motorable condition and ensuring sustainability 
of these assets was cumbersome. The work flow 
consisted of the following services:  

 Paper based bills were generated 
manually by contractors in some states 
for an amount which was based on the 
quantity of materials used for the 
maintenance of the road, against the 
concept of PBMC.  

 Routine inspection of the road was done 
as per the frequency of bills raised by 
the contractor and not on a bi-monthly 
basis.  

 Verification of bills and payments to 
contractors were done manually.  

PBMC Before Evidence Web-Based Digital 
Solution:  

The major drawback of manual PBMC was the 
lack of transparency, labour intensiveness of the 
entire exercise, higher chances of mismanaged 
and delayed payments, risk of non-performance 
based payments, no proof of maintenance, 
voluminous record keeping, and asset 
deterioration. In a study assessing the working 
of the PBMC system in various states, the 
following issues were noticed: 

i) Administrative Burden - The cumbersome 
nature of road maintenance coupled with 
the small ticket size of these bills often led 
to lumping of bills at the end of the 
financial year or at the end of the contract 
period in some cases. It was hard to verify 
or monitor the work which was done in 
the months or years prior. Further, the 
administrative burden in getting small 
maintenance bills inspected and 
processed added considerable workload 
on already overburdened district 
engineers. There were no methods of 
keeping evidence of road performance, 
and hence engineers were hesitant in 
making payments. This discouraged 
contractors from keeping the road in good 
condition.  

ii) Administrative Risk - While construction 
related payments are linked with 
measurable progress (a new road having 
been laid), maintaining a road today does 
not guarantee that new potholes will not 
be there when an auditor inspects the 
road. Consequently, engineers don’t want 
to risk making payments which results in 
them keeping bills pending till they have 
been promoted or transferred. This 
administrative risk needed to be 
mitigated.  

iii) While the funds required to maintain roads 
are massive, maintenance is not simply an 
issue of funding. On closer inspection, even 
states which are provided with maintenance 
budgets, however inadequate, are unable to 
spend the entire amount. It is actually the 
‘low-ticket high-volume’ nature of 
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maintenance, the associated administrative 
risk and misaligned incentives which make it 
difficult to maintain roads even if an 
adequate budget is made available to the 
Department. These hassles call for a system 
wherein all routine maintenance activities 
are carried out in a time bound manner.  

iv) Manual bill generation and submission by 
contractors, and manual verification of bills 
by district officers.  

v) Mismanaged payments to contractors, 
often in an untimely manner.  

vi) No control on/record of frequency of bill 
submission or date of bill submission to 
make it eligible or ineligible for payment.  

vii) Non-uniform frequency of inspections by 
engineers, mostly done after the contractor 
has submitted the bill, and no evidence 
based system to prove that roads in that 
period were actually maintained as per 
standards.  

viii) Absence of a system to keep records of past 
inspections done and tracking of future 
inspections. 

ix) Manipulation in bill submission dates due to 
absence of authentic records of past bill 
submissions. NRIDA bidding documents 
provide that if the monthly bill submission is 
late by 10 days, the contractor loses his 
claim over the bill amount.  

Electronic Maintenance of Rural Roads under 
PMGSY (eMARG); Conceptualization and 
Implementation of Evidence Based PBMC: Use 
of GIS and Emerging Technologies for Process 
Re-engineering in Rural Roads Maintenance 
Management  

Execution of PBMC through the existing manual 
system was a challenge and its efficiency and 
acceptability was low. PBMC, though a well-
researched concept in asset maintenance, 
remained in nascent stages through its 
implementation in PMGSY. This called for a 
solution which unburdened engineers, made it 
truly evidence based, transparent, effective, and 

automated, in order to make it more objective 
and less labour intensive. To fulfil these 
objectives, the eMARG (Electronic Maintenance 
of Rural Roads under PMGSY) System was 
designed to bring in a simple yet effective 
solution to these problems. eMARG is 
conceptualized on PBMC, which took over from 
the earlier BOQ concept for payments and 
manual PBMC. eMARG sets up a blueprint on 
how maintenance of infrastructure can be 
solved across government departments with 
smart IT-based solutions in maintenance 
management. Systemic changes have been 
introduced for management of performance 
based maintenance contracts, with eMARG as 
the IT tool. eMARG is an e-Governance solution 
developed to assist all stakeholders, i.e., state 
implementing agencies, civil contractors and 
banks. It is an end-to-end solution which 
provides role-based access via the internet, and 
helps monitor and administer maintenance 
contracts for rural roads. Instead of calculating 
and submitting bills based on the effort/quantity 
of materials utilized in maintenance, the 
contractor’s works are evaluated based on the 
final outcome. eMARG is an enterprise 
architecture which entails the creation of GIS 
based inventory of roads, contract details, 
online inspections, verification and grading of 
road conditions with geo-tagged, time stamped 
pictures, and submission and payment of e-bills. 
Following the principles of PBMC, prior to 
making payments to the contractor, bi-monthly 
inspections are carried out by engineers for 
every 1 km section of the road in which they click 
two photographs at randomly generated 
locations through the mobile app to capture the 
actual condition of roads as evidence. 
Thereafter, they give a grading of 
Satisfactory/Unsatisfactory based on the 
condition of road. Furthermore, based on these 
photographs and grading, the condition of the 
road is evaluated on a scale of 100 based on pre-
defined performance standards (as explained in 
Figure 1). Finally, on the basis of marks obtained 
out of 100, a proportional payment is made, as 
explained before. The bi-monthly inspections 
ensure that the road is maintained throughout 
the year. Furthermore, eMARG allows 
contractors to submit e-bills in one click on the 
system and auto-generate vouchers based on 
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the result of the performance evaluation. The 
vouchers are sent to the accounting officer in-
situ and forwarded to the bank for digital 
payment. End-to-end processing of bills is 
achieved through the system, thus drastically 
reducing the administrative friction and making 
routine payment of small ticket bills both 
attractive and efficient. At the same time, it 
ensures complete transparency and provides 
accountability analytics for each bill against 
every rural road through a plethora of reports 
and dashboards that aid in monitoring at various 
levels. eMARG is a fusion of innovative open 
source technologies, remote sensing, GIS, 
cryptography, mobile, messaging and e-mail. 
Some of the innovative features of eMARG are 
the automation of the entire cycle of bill 
generation and payments for maintenance 
contracts, the eMARG Mobile-app to take geo-
tagged photographs of the roads as part of 
routine inspections of roads, etc. The use of the 
mobile app and mobile technology is 
summarized in Figure 2. The photographs at 
randomly generated location ensure evidence 
based proof of road condition over frequent 
intervals of time during the entire five year 
defect liability period. One may select any road 
on satellite imagery and instantly check the 
pictures as clicked by the respective district 
engineers, and match them with the payments 
made against those roads to contractors for 
their upkeep. Evaluation is done completely 
online through eMARG. The evaluation done can 
be cross-checked by observing the uploaded 
photographs. The redressal of public complaints 
can thus be handled in a better way. This makes 
the system more transparent. With the 
implementation of eMARG, the whole process 
of maintenance of PMGSY roads has been re-
engineered (Figure 3). After the introduction of 
eMARG, one of the major transformations was 
that the entire process was fully digitized (Figure 
4). 

 

Figure 2: Mobile-App and Mobile Technology 
Used in eMARG 

 

Figure 3: Re-engineering Rural Road 
Maintenance 

 

Figure 4: Digitization of Maintenance Process 

Integration between NRIDA Project 
Management Implementation System (PMIS) 
and the eMARG Application: 
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The major challenge in the development process 
of eMARG was to integrate it with the existing 
Project Management Implementation System 
(“PMIS”) of NRIDA. PMGSY has a very elaborate 
PMIS called OMMAS (Online Management, 
Monitoring and Accounting System). This PMIS 
is extensively used by all states to enter data 
right from the planning stage to the completion 
of roads, including construction, contract 
management and payment of bills through 
PFMS. After the completion of a road, the data 
along with the GIS details of that road need to 
be seamlessly transferred to eMARG for 
maintenance activities. OMMAS was to be used 
as parent data base, and hence integration of 
these two systems through web services was 
required for seamless data exchange. This 
integration process was very challenging, as one 
of the major challenges was ensuring 
interoperability and integration aspects through 
use of APIs, Micro-Services, etc. The other 
challenge was that both the systems were 
developed by two different organizations, 
OMMAS by C-DAC Pune and eMARG by NIC 
Bhopal.  Finally eMARG was seamlessly 
integrated with OMMAS through Restful 
API/Web Services for data exchange using JSON 
(JavaScript Object Notation) lightweight data-
interchange format. Another challenge was 
ensuring and maintaining the integrity of the 
existing data in OMMAS like the PAN details of 
the contractor, the date of completion, 
maintenance rates, length under maintenance, 
name of the contractor, etc. Innovative solutions 
were designed to address these issues during 
implementation.    

Outcome & Results of Implementing eMARG:  

Ever since eMARG has been implemented, 
carrying out routine maintenance activities of 
PMGSY roads has become easier and 
manageable. The eMARG process flowchart is 
explained in Figure 5. All the activities can be 
tracked and followed-up on in a timely manner. 
Following are some of the post-deployment 
benefits/outcomes of eMARG:  

• Disciplined and time bound routine 
maintenance activities and inspections by 
district engineers through the eMARG 
Inspection App. Automatic notifications to the 

engineers every two months to carry out 
inspections.  

• Geo-tagged and time stamped photographs of 
the road (at randomly generated locations) are 
taken and grading is done accordingly as 
Satisfactory(S)/Unsatisfactory (U)/Satisfactory 
but Requires Improvement (SRI).  

• Intimation/notice to the contractor in case of 
Unsatisfactory (U)/Satisfactory but Requires 
Improvement (SRI) grading through mobile app 
notifications, hence ensuring compliance with 
contractual obligations. 

• Through eMARG, there is an objective 
assessment of maintenance and upkeep of 
roads out of 100 marks. The payment is 
proportionate to marks obtained and the 
minimum threshold is 80%. 

• Inspections are independent of the bill 
submission process by the contractor.  

• Easy submission of bills by the contractor by 
the click of a button which is OTP based. It saves 
a lot of effort in bill preparation, signature, 
submission etc.  

• No separate bill verification required as the 
system is completely digitized and improves 
confidence in the accuracy of bills.  

• Timely and disciplined payments to 
contractors.  

• SMS notifications and reminders ensuring that 
the frontline staff and contractors do not miss 
out on their pre-defined activities.  

• Bills calculated automatically by the system 
every month, on the basis of rates entered.  

• Automatic notification(s) sent to the 
contractor on his registered mobile at the end of 
every month to remind him of the bill 
submission deadline. 

• Past records of all roads with their geo-tagged, 
time-stamped pictures directly visible on GIS to 
verify road conditions at any point in time. 
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A comparison of the process before and after 
the introduction and implementation of eMARG 
has been summarized in Figure 6. 

 

Figure 5: Process Flowchart of eMARG 

Systemic Advantages: 

With the introduction of eMARG, the major 
advantages are: 

1. Payments made to contractors were 
switched by all states to the PBMC 
system with pre-defined minimum 
thresholds for performance.  

2. Digitization of time consuming manual 
activities, while ensuring that the larger 
objective of effective rural road 
maintenance is achieved.  

3. Ushering in transparency and objectivity to 
the assessment process of road 
performance and maintenance. 

4. User friendly, evidence based system. 

5. Timely payments.  

6. Automatic notifications sent to the 
concerned personnel for pending/upcoming 
activities. 

7. The system records road condition for every 
month of the year and can be visualized on 
Google Maps, viz-a-viz payments made and 
maintenance standards followed. 

 

 

Figure 6: Comparison of the Process Before and 
After eMARG 

Key Result Areas of Implementation:  

The design development of a digital web based 
solution like eMARG has to overcome many 
challenges in to meet state specific 
requirements as per the feedback collected from 
the states during training sessions. This has been 
the most elaborate exercise of simultaneous 
training of more than 15,000 engineers, 15,000 
contractors and other stakeholders. The 
development and implementation of eMARG 
has been unique in the sense that a modular 
approach was adopted towards software 
development, feedback system and 
implementation that was designed carefully to 
shorten the rolling out period. Successful rolling 
out of eMARG has seen the simultaneous 
development of software modules and 
implementation, while also ensuring 
simultaneously that bugs are removed, lessons 
learnt are incorporated, state specific details are 
incorporated, etc. This has been done through 
the efforts of a small team at NRIDA , C-DAC 
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Pune and NIC Bhopal. This is an example of 
coordination, cooperation among states and 
different agencies for faster rollout. The 
development process started in May-June 2019 
and April 1st, 2020, eMARG was rolled out to all 
states, though some modules were still in the 
development/correction phase and integration 
with OMMAS was ongoing (Figure 7). Some key 
areas of achievements are:     

 Descriptive analytics and dashboards for 
each bill against every rural road providing 
a plethora of reports and dashboards for 
monitoring at various levels  

 Usage of GIS technology to instantly see 
the pictures of roads on Google Maps, as 
clicked by district engineers (See for 
example, Figure 8), and matching them 
with the payments made to contractors for 
proper upkeep of assets.  

 Automatic notifications to contractors for 
submitting the bill, in case of 
unsatisfactory grade obtained during 
inspection, and to engineers for 
conducting bi-monthly inspections. 
Notices to contractors as per the 
contractual and legal requirements are 
issued, keeping a time stamped verified 
trail of documents. 

 So far, all states have on-boarded eMARG 
and have started making payments 
through eMARG. eMARG is currently being 
utilized by 1,375 Project Implementation 
Units (PIU) comprising more than 9,000 
engineers from all districts and 12,526 
contractors from all over India to perform 
inspections, generate and approve single 
click bills and make payments, thus 
significantly easing the burden manual and 
tedious tasks. 56,344 roads having a length 
of 2,06,479 km spread across the country 
are covered by eMARG. As on September 
1st, 2021, 6,87,999 bills have been 
submitted and a total amount of Rs. 
781.87 Crores have been released as 
maintenance related payments through 
eMARG. eMARG has been a win-win for 
both the government and the citizens. It 
has reduced the burden on the frontline 

staff and has also promoted transparency 
in the overall system of rural road 
maintenance. 

Conclusion:  

PMGSY brings in the much desired change in the 
way assets are maintained based on the 
performance of assets, which compels the 
original contractor to ensure good quality 
construction. The concept of PBMC and a 5-year 
defect liability period is a much needed reform 
that needs to be implemented across all types of 
infrastructure, especially in the 
government/public sector. A scalable digital 
solution which can be replicated by other 
Government Departments is extremely feasible, 
as can be seen in the case of eMARG, which has 
been implemented pan-India. Through eMARG, 
the PBMC process has been digitized end to end, 
and critical information on road maintenance 
flows seamlessly and effectively into the system 
for monitoring at the State and the National 
level, thereby enhancing transparency. The 
State and Central authorities are able to access 
the past records of all roads with their geo-
tagged, time stamped pictures directly visible on 
GIS to verify condition of a particular road at any 
point in time in the past. As soon as the defect 
liability period begins for a road, the inspection 
cycles are triggered with the respective district 
engineer. The inspection (conducted every 2 
months) and performance evaluation done by 
the district engineer through the system are 
approved by the engineer in-charge on the 
eMARG system. Maintenance bills are also 
submitted by the contractor through the system 
and seamlessly flow to the district engineer and 
engineer in-charge for approvals. Once 
approved, the payment gets initiated 
automatically. The data at each step of the 
process is available in the form of numerous 
reports online, both at the SRRDA and NRIDA 
level to enable monitoring and review at any 
time,. 
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Figure 7: Simultaneous Development, 
Implementation and Training of the Digital 
Solution 

 

 

 

Figure 8: Record of Condition of a Road
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Abstract  
 
Cataract is the leading cause of blindness (~66%) among individuals over the age of 50. Currently, The 
National Programme for Control of Blindness & Visual Impairment (NPCBVI) shows that out of the 1 
Cr+ patients registered in the national platform, almost 99% of them have been reported with cataract 
disease. To screen 1 Cr+ patients with the available ophthalmologists will take years considering the 
current  ophthalmologist to population ratio in urban and rural India. 
 
Tamil Nadu e-Governance Agency (TNeGA) in collaboration with Tamil Nadu National Health Mission 
(TN NHM) and Tamil Nadu Blindness Control Society (TNBCS) have developed an intelligent mobile 
application E-Paarvai leveraging artificial intelligence to identify the presence of cataract in the eye of 
the person.  
 
The frontline health worker simply can download the application on their smartphone/ tablet device. 
The application uses artificial intelligence to  quickly screen  the eye image to classify it as having 
cataract or not. Depending upon the result, once a patient is found to be positive for cataract then 
he/she can be operated upon in the  base hospital. The application also provides a centralized 
dashboard which is used for monitoring the screenings and planning the surgeries at various levels  
 
Keywords— epaarvai, cataract detection, artificial intelligence, deep learning, computer vison. 
 
I. INTRODUCTION 

 
A. Cataract 
Cataract is a clouding of the eye lens that 
causes vision to deteriorate. It can affect one 
or both eyes . Cataract is one of the most 
common causes of blindness, accounting for 
more than half of all blindness cases. The 
number of blind persons is expected to rise to 
90 million by 2025. Untreated cataracts are 
one of the primary reasons for blindness in 
Tamil Nadu, which currently has 22,700 
registered cataractpatients, according to 
National Programme for Control of Blindness 
and Visual Impairment (NPCBVI) [1] data.  
Cataracts can be classified into three 
categories: posterior subcapsular, nuclear 
cataract, and cortical cataract in Fig 1. Cataract 

appears more in people over 40 years old, and 
the incidence rate increased with age.  
 

 
Fig 1 : Cataract Classification 

 
 
B. Cataract Testing methodology: 
At the moment, there are four primary types 
of checking procedures for cataract 
identification and grading.  
1. Light-focus method  
2. Iris image projection  
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3. Slit lamp examination  
4. Ophthalmoscopic transillumination  
However, manual assessment can be 
subjective, time-consuming and resource 
intensive. Extensive training is needed to be 
able to  detect cataract successfully using  the 
above methods.  
 
C. Cataract in Tamil Nadu 
In Tamil Nadu, there is a need to screen 
approximately  30 million people (or almost 
50% of the population of the State). The main 
challenge in this is the  limited trained 
manpower available especially in rural areas. 
Cataract surgeries are conducted free of 
cost  in the Government district hospitals. In 
the pre-pandemic period, TNSBCS was 
performing approx. 2,50,000 cataract 
surgeries every year under the NPCBVI [1] 
program, against a target of 5,00,000 cataract 
surgeries. 
Hence, there was a dire need for a scalable 
application to detect cataract. An Artificial 
Intelligence-based screening application that 
can be used by any volunteer (with minimal 
training) for identifying operable cataracts 
could be  the silver bullet 
To overcome this difficulty Tamil Nadu E-
Governance Agency (TNeGA) built an AI based 
mobile application which can detect cataract 
immediately once the eye is captured via 
mobile application. This requires minimal 
training and the frontline health workers can 
perform screening easily. 
The project has following three components. 
1.AI module for detecting the cataract. 
2.Android mobile application for frontline 
health workers to perform the screenings. 
3.Web based online dashboard for state-level 
and district-level officers to monitor the 
programme. 
 
II. AI MODEL DEVELOPMENT 
To produce the predictions from a system that 
uses image processing, many stages are 
required. The functions in this system are 
interconnected with other processes so that 
the output of one process becomes the input 
of the next. This leads to  final output 
depending on the findings of a model trained 
on a set of data. The model is trained by using 

eye images that are normal as well as affected 
by cataract. 
 
III. CONVOLUTIONAL NEURAL NETWORK 

ADOPTED FOR CATARACT DETECTION 
The multilayer layer perceptron (MLP), which 
is built for processing two-dimensional data in 
the form of images, is the foundation for this 
Convolutional Neural Network (CNN). Because 
of its great network depth, this architecture is 
used to process the complex visual data. The 
CNN architecture is shown in fig. 2 
 
A. An Overview of the Cataract Detection 

Architecture 
The architecture is based on the object 
detection algorithm that divides images into a 
grid system. Each cell in the grid is responsible 
for detecting objects within itself. A feature 
map is the name given to each layer of CNN. 
The input layer's feature map is a 3-D matrix of 
pixel intensities for various colour channels 
(e.g., RGB). Any internal layer's feature map is 
an induced multichannel image with each 
"pixel" representing a distinct feature. Every 
neuron in the preceding layer is connected to 
a tiny number of neurons in the layer above it 
(receptive field). Feature maps can be 
transformed in a variety of ways, including 
filtering and pooling. Filtering (convolution) is 
a method of obtaining final responses by 
convolving a filter matrix (learning weights) 
with the values of a receptive field of neurons 
and using a non-linear function (such as 
sigmoid ReLU)[2]. The  pooling operations that 
combine the responses of a receptive field into 
a single value to create more robust feature 
descriptions. An initial feature hierarchy is built 
using an interleave between convolution and 
pooling, which may then be fine-tuned in a 
supervised way by adding numerous fully 
connected (FC) layers to adapt to diverse visual 
tasks. The last layer with varied activation 
functions is added depending on the tasks to 
generate a distinct conditional probability for 
each output neuron.  
The network has 16 convolutional (conv) 
layers, 2 up sampling layers, 4 concat layers, 
and a soft max classification layer, and can be 
optimised on an objective function (e.g., mean 
squared error or cross-entropy loss). The 
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feature map resolutions are decreased with 2 
stride max-pooling layers, and the conv feature 
maps are created by convoluting 3*3 filter 
windows. The trained network can process any 
test image that is the same size as the training 
samples. If alternative sizes [6] are specified, 
rescaling or cropping actions may be required. 
 
The following are some of the advantages of 
this architecture 

 Hierarchical feature representation, or 
multilevel representations from pixel 
to high-level semantic features learnt 
through a hierarchical multistage 
structure, can be learned 
automatically from data, and hidden 
elements in input data can be 
disentangled using multilevel 
nonlinear mappings. 

 A deeper design gives tenfold 
improved expressive potential as 
compared to standard shallow models. 

 This architecture allows multiple 
related activities to be optimised at 
the same time using different CNN 
Models. 

 Taking advantage of deep CNNs' 
learning capacity, some traditional 
computer vision issues can be recast as 
high-dimensional data conversion 
problems and solved from a fresh 
perspective.   

 
 
B. Object Detector  

An object detector is 
designed to create 
features from input 
images and then to feed 
these features through a 
prediction system to draw 
boxes around objects and 
predict 5 classes[3] 
.Generic object detection 
aims at locating and 
classifying existing objects 
in any one image and 
labelling them with 
rectangular BBs to show 
the confidences of 
existence. The 
frameworks of generic 
object detection methods 
can mainly be categorized 
into two types. One 
follows the traditional 
object detection pipeline, 
generating region 
proposals at first and then 
classifying each proposal 
into different object 
categories. The other 
regards object detection 
as a regression or 
classification problem, 
adopting a unified 
framework to achieve 
final results (categories 
and locations) directly.  
The AI algorithm works 
using the following 
techniques: 

 Residual 
blocks 

 Bounding box 
regression 

 Intersection 
Over Union 
(IOU) 

  Fig 2: CNN Model  
C. Residual blocks: 
First, the image is divided into various grids. 
Each grid has a dimension of S x S. The 
following image shows how an input image is 
divided into grids. 
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In the image there are many grid cells of equal 
dimension. Every grid cell will detect objects 
that appear within them. For example, if an 
object 
array 
appears 
within a 
certain grid 
cell, then 
this cell will 
be 
responsible 
for 
detecting 
it. 
   Fig 3: BBox 
 
D. Bounding box regression: 
A bounding box is an outline that draws 
attention to a certain object in a picture. Few 
things about bounding boxes: 

 Should fit the object tightly, ending at 
the borders.  

 Not be within the object. 
 Even if the object is partially visible, 

note that the network can still infer the 
extent of the object. So sometimes, it 
can happen that, these boxes may 
exceed the boundaries of the image 
itself. In such cases, we just trim it to 
the image boundaries as shown in fig 4. 

 If more part of the object is visible, the 
bounding box might be more accurate. 

Finally, combining the results BBox Regressor, 
we infer the type of the object and its location. 
Also , for the same object, our 2 classes in 
dataset,  has different classification scores and 
BBox coordinates will be output by the 
network. But we only pick the one which has 
the highest confidence score in the 
classification output. We can see below the 
process of selecting the proper BBox 
methodology. 
 
E. Intersection over union (IOU): 
The concept of intersection over union (IOU) 
illustrates how boxes overlap in object 
detection. IOU is used by our CNN to create an 
output box that properly surrounds the items 
The bounding boxes and their confidence 
scores are predicted by each grid cell. If the 

anticipated and real bounding boxes are 
identical, the IOU is 1. This approach removes 
bounding boxes that aren't the same size as 
the actual box as shown in fig 5. 
In the image, there are two bounding boxes, 
one in green and the other one in blue. The 
blue box is the predicted box while the green 
box is the real box. This CNN ensures [4] that 
the two bounding boxes are equal. 

 
Fig 4: IOU 

 
IV. DATASET COLLECTION  
This project has been  developed on free-hand 
eye images taken from the smartphone. Since 
such a dataset was not available, the entire 
training dataset was created from scratch and 
a major challenge.A data collection team was 
formed, which did initial research and 
developed standard operating procedures 
(SoPs) for collecting the dataset from over 700 
patients. 
A. Pre-processing  
The eye images was acquired from various 
screening people and patients at Tamil Nadu 
hospitals for this study. 700 photos were used 
in the study, with 540 images of cataracts and 
160 images of normal eyes. The first step in 
data preparation is to establish the input 
parameters that will be used to determine or 
equalize the image dimensions that will be 
used. The dimensions in this study are 150 x 
150, and the batch size is determined after 
that. The number of photos utilized in a single 
training test is defined by batch size. 
Furthermore, the number of epochs 
(iterations) needed for the training test is 
chosen during this pre-processing stage. An 
augmentation process is carried out for the 
image employed during this pre-processing. 
Augmentation is the process of altering or 
modifying an image in such a way that the 
computer detects that it is a different image, 
but people can still recognize that it is the same 
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image. Because the augmentation model 
receives new data, it can improve the accuracy 
of the trained CNN model. This data can be 
used to create models that are more 
generalizable. The dataset being used is 
rescaled during the augmentation process. All 
data in the form of normal or cataract eye data 
was rescaled with a size of 1/255, share range 
scale, zoom range scale, shearing image scale, 
picture zooming with a range of, and 
horizontal flip (horizontal rotation) or 90 
degree horizontal rotation. 

Fig 5: Annotation of images 
 
B. Partition and Image label  
After the augmentation process, the . process 
is to divide the data into 2 + 1 parts, the data 
sharing uses the Train Test Split technique 
which is supported by the Sklearn  
library, which is dividing the data into 80% 
training data and 20% test data, then the test 
data is divided again into two data, namely 
10% test data, and 10% validation data.  
Besides, the classification class was also 
labelled into 5 classes as 'cant_say', 
'cataract_immature', 'cataract_mature', 
'normal_iol', 'normal_clear'.  
This class and data sharing process was carried 
out at the beginning of the process to build a 
CNN model from smartphone image detection 
for the classification of cataract eyes or normal 
eyes. Based on above, it can be seen that there 
are images used as training data,  validation 
data, and testing data. Each of these sections 
has been divided into 5 classes, 'cant_say', 
'cataract_immature', 'cataract_mature', 
'normal_iol', 'normal_clear'.  
Our CNN formulates model configuration 
in .yaml, format. The main advantage is that 
the .yaml file is condensed to just specify the 
different layers in the network and then 
multiplies those by the number of layers in the 
block. Labelling & Annotation tool has been 
created by TNEGA and annotations (from the 
five classes) on images were being done by eye 
specialist as shown in the fig 6. 

 
V. LEARNING RATE AND OPTIMIZATION 

FOR MODEL FITNESS 
In this project , the manipulation process was 
carried out by changing various iterations or 
epochs. Considering this process, we need to 
determine first the optimal number of epoch in 
training data.  

 
Fig 6: Training and validation loss 
The hope is that by doing modelling with 
various epochs, a minimum of epochs will be 
obtained to get maximum accuracy. Learning 
rate is one of the hyperparameters that greatly 
affects the performance of the CNN model. In 
searching for the right level of learning, a 
method called cyclic learning rates, in this 
method, training will be carried out several 
times, with a learning speed starting from a 
small value, and in each iteration the learning 
level will be enlarged, each iteration will be 
seen from the losses obtained, and if the loss 
learning chosen at any time before the loss has 
the lowest value. This research using a learning 
rate with a value of 20, 40,60,80 and 100. It is 
shown in Fig 7 doing experience by using 
variations in the number of epochs in learning, 
it appears that loss is very minimal which helps 
for prediction.  
 
VI. PRELIMINARY EVALUATION METRICS 
The evaluation metrics below are based on 
performance on the our dataset which 
contains a wide range of images containing 2 
final classes. For more detail on the 
performance metric see the fig 7 & 8. 
VII. RESULT OF CATARACT 

IDENTIFICATION  
After the modelling process is carried out and 
obtaining the best accuracy value, the image 
testing process is carried out by inserting a 
new image. In testing the image (fig 8 , has 
been able to detect cataract eye images that 
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are input into the system. Testing will be 
carried out using test data of 16 different 
images. Images are divided into into five 
classes, 'cant_say', 
'cataract_immature','cataract_mature', 
'normal_iol' ,'normal_clear'. The purpose of 
testing with manual testing is to determine 
the level of effectiveness and accuracy in this 
test before it is operated by the user. The 
results of image testing can be seen in Table  
 1. 
Table I. Variance of epoch 

 
 

 
Fig   7:Predicted Results 

 
 

Fig 8: ROC Curve 
 
 
 

Fig 9: Confusion matrix 
 

VIII. MOBILE APPLICATION AND WEB 
DASHBOARD 

The home screen has a start screening 
functionality. On clicking the start screening 
button, field workers can start taking images of 
the eyes of patients 
A. Mobile screening tool: 
The home screen has a start screening 
functionality. On clicking the start screening 

button, field workers can start taking images 
of the eyes of patients. 
 
Fig 10: E-Paarvai mobile app for field workers 
 
B.  AI Prediction: 
After the images are submitted, the AI model 
processes the image and classifies them as 
either cataract positive or normal. 
 
 
 
 
 
 

Epochs Error Accuracy 
20 0.43 58 
40 0.20 72 
60 0.13 85 
80 0.10 91 
100 0.05 98 



“India’s Techade: Digital Governance in a Post Pandemic World" 

 24th National Conference on e-Governance  
51 51 

 
 
 

Fig 11: E-Paarvai app predictions on images 
 
C. Dashboard features:  
 The State or District officer can log in 
to the dashboard. The dashboard shall have 
the following important functionalities:  

 Insights 
 Cataract Patient details  
 District details  
 Fieldworkers 
 Screening Logs  

Fig12: Predicted Results 
 

D. Insights 
The   dashboard displays a pie-chart 
representation of the distribution of people 
who were screened  and  operated , 
delayed, (out of total positive patients 
recorded) as well as a bar-chart chart 
representation of the positive cases reported.  

Fig 13: E-Paarvai district dashboard insights 
E. Cataract Patient Screen: 
This category solely contains information 
about patients who tested positive for 
cataracts. It displays the contact information, 
address information, and eye photos of the 
patient who has a cataract .The district officer 
has to respond within 30 days after discovering 
a positive cataract patient in the dashboard. 
There are five types of status actions that can 
be taken after viewing a patient screening in 
the dashboard: 
i. Reported: When the system finds a patient 
with cataracts, it defaults to this status. 
ii. Operated: This status indicates that the 
positive cataract patient has been operated on 
by the district health team. 

Fig 14: E-Paarvai district dashboard 
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Fig 15: E-Paarvai district dashboard 
 
iii. Delay: It will take a maximum of 30 days 
from the time the patient reports to the time 
the operation is performed. The patient's 
status will be changed to delayed if he or she is 
not treated in a government hospital within 30 
days. 
iv. Referred: If the patient is referred from one 
district to another one 
 
APPLICATION USAGE IN TAMIL NADU 
The application was put to trial with 14+ 
districts with help from Tamil Nadu State 
Control Blindness Society (TNSBCS). The 
system has been currently rolled out to 32 
districts and has so far screened more than 
1700+ patients in various rural areas of Tamil 
Nadu. 

 
Fig 16: Field workers using E-Paarvai app 

 
 
CONCLUSION: 
The Cataract architecture reached the highest 
accuracy of 95% after 50 epochs. This made us 
to arrive our low-cost AI-powered cataract 
detection software can easily conduct door-to-
door screenings and identify all beneficiaries. 
SBCS was doing roughly 2,50,000 cataract 
procedures per year under the NPCBVI 
program prior to the pandemic, compared to a 
target of 5,00,000 cataract surgeries. By using 
this application, one volunteer can screen 
approximately 50 elderly people per day and 
identify 6-10 eyes with cataracts; if we can 
recruit more than 320 volunteers, we expect to 
perform over 5,60,000 cataract surgeries per 
year, and we will be able to achieve our goal of 
creating cataract-free blocks and districts in 
Tamil Nadu. 
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Abstract   

A chatbot or a voicebot is a means that allows system interaction with human users in a manner that 
replicates the interactive exchange of information, as in the case of two human beings. It is the most 
convenient way to interact with multiple user queries and give a satisfactory response.   In this paper, 
we introduce VANI which is an inhouse developed framework for facilitating communication with 
diverse eGovernace applications like Regional Transport Office (rto sarathi), ewaybill, Delhi Online 
Registration System (DORIS), eDistrict etc.  VANI (VIRTUAL ASSISTANCE BY NIC) is a generic framework 
that provides both Bilingual voice support services and multi lingual chatbot services over Meghraj 
Cloud of NIC.  
Centre of Excellence in AI, National Informatics Centre has been engaged in research & development 
for open source frameworks based Conversational AI Platform for quite sometime. Deep Learning 
based Natural Language Processing Module has been developed for user query response generation 
and intent & entity identification. AI models have been matured online and developed per chatbot 
with a common language model for enable learning within chatbots.  

 
Figure 1:  The General flow of  Conversational AI 

 
 
Keywords: Conversational AI, VANI, Chatbot, Voicebot, ASR, TTS, Natural Language Processing, 
Transliteration  
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Introduction: 
 
Natural Language Processing (NLP), in its most 
basic form tries to make a machine understand 
human  
language, and function accordingly. NLP finds 
its place at the intersection point of chiefly 
three  
distinct fields of work viz. Computer Science, 
Artificial Intelligence and Linguistics. Further 
analytical work involving sentiment analysis or 
user behaviour prediction based on user 
interaction with the engine also requires some 
study of Human Behavioural Patterns & 
Psychology. 
 
In this pandemic time a lot of government 
service are disturbed or halted on regular 
intervals. Chatbot provide a mean to resolve 
issues like grievance registration, query 
answering and guidance to avail different 
services without any lag in services. A basic 
chatbot is a software script attached to a 
frontend portal with a backend AI engine 
interpreting human like questions and giving 
back relevant response to the user. Chatbots 
built using some of the bot frameworks may 
offer slightly more advanced features like slot 
filling or other simple transactional capability, 
such as registering complaints, providing 
suggestions etc.  They are usually based on 
artificial cognition technologies and improves 
by machine learning over time.  
Use of Language and Context is essential for 
the chatbot. A Natural language corpus is 
required for understanding the intents and 
scenarios of the conversation. The bot will be 
as good as the data fed to it since most of the 
AI technologies need to learn from the 
information continuously.[1] Natural language 
pattern (NLP) processing increases the 
relevance of the bot to the users as the task 
flow is developed on the basis of the course of 
chat interaction.  
 
Components of VANI: 
BYOB ( Build Your Own Bot) - With the aim of 
pushing AI beyond labs and professional 
spheres, BYOB will act as a bridge between 
creating an AI agent and making a bot 

production ready . It has been designed to 
automate the entire process of creating a bot 
from scratch. From the user end, it will 
eliminate the current dependency on humans 
to integrate their AI agent with VANI 
framework.  
To create a new chatbot, a user is given 
resources like ‘Things to Know Before Creating 
a Chatbot’, ‘Features’ Guide’, some tutorials 
w.r.t. the AI agent platform that they selected. 
Once a user is ready with AI agent, they are 
educated about creating  
 
 
authentication tokens on their respective 
platforms and uploading on BYOB portal. BYOB 
establishes the agent connectivity with agent 
platform in the background through VANI.   
Next, a user adds features depending on their 
use case, and generates a testing URL, along 
with a dashboard URL for tuning and training 
purpose. The user now has a test bot with GUI 
to test, look and feel how their bot will perform 
in real, complete with all the features that the 
user selected. 
BYOB provides an easy and a single point 
destination for managing multiple bot 
lifecycles by each user. It provides a zero 
coding experience for user. It also has an 
Orchestration layer to automate the 
administration of all bots at all stages and 
generating automated alerts etc.. as and when 
required. NIC has at present made available 20 
chatbots online for different ministries/ 
departments and states, and many are in 
different stages of development. This 
Orchestration layer is meant to smoothen this 
task of administering these bots. 
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   Figure 2:  Build Your Own BOT 
VANI Framework - is a generic framework 
(please refer Figure 3), that has been 
developed in-house for facilitating the chat 
/voice/mobile bot in a layered- modular-
pluggable architecture.  VANI framework 
supports both chatbot and voicebot services. 
The framework has a Queue manager, monitor 
and a live human agent handover module. All 
these are connected to a frontend JQuery UI 
which can be plugged into the web interface 
running in any of the development frameworks 
like PHP, JSP, Servlet, Drupal, ASP.Net, etc., on 
MS Windows or any Linux flavours.  
The Business Logic layer is customised for 
individual chat/voice bots as the naming of 
Intents/action parameters differ from case to 
case. The business module hands over the 
conversation back and forth between the UI 
and the Communication (CO) module. On 
completion of the task assigned, the business 
module kicks in the associated layers, 
disconnecting from the CO module and may 
hand-over to the Queue manager or may do 
some other tasks like calling a user defined 
web service for disseminating some requested 
information or generate OTP etc. 
Backend AI Engine On-Premis: VANI used to 
interact with Google Dialogflow for 
interpreting the Chatbot’s handling of AI part. 
But since that meant that the corpus being 
built could not be utilised to give a seamless 
bot experience across users, hence Open 
Source NLP based AI open source framework 
Riwa has been used for building and providing 
AI engine backend which also interacts with 
VANI in a seamless manner and is a totally on-
premis solution. It is using BERT Transformer 
based Neural Network models on NIC’s In-
house Supercompute platform. 

Figure 3: Components of VANI framework 
NIC also built the annotation tool for 
facilitating users to enter the intent & entities 
in a fashion similar to Google’s Dialogflow 
engine.  BYOB Dashboard service is available to 
monitor and tune chatbot performance pre-
and post-deployment for per chatbot per user. 
VANI maintains a robust backend logging 
mechanism maintaining each chat session in a 
uniquely identifiable text file form - accessible 
to the user through dashboard for retraining 
purpose, MIS logs for chatbot performance 
analytics and reports, and trace flag logs to log 
exceptions in case of service disruptions. 
Matra Transliteration API - VANI uses Matra 
Transliteration services to provide Chatbots in 
Regional Languages. Currently 11 languages 
are facilitated. They are Bengali, Gujarati, 
Hindi, Kannada, Malayalam, Marathi, Nepali, 
Oriya, Punjabi, Tamil  & Telugu. Transliteration 
is mapping from one system of writing to 
another based on phonetic similarity. Work is 
on to facilitate Assamese & Urdu also and is in 
user acceptance testing phase.   
With this tool, you type using QWERTY 
keyboard in English (e.g. a, b, c etc.), which are 
converted to characters that have similar 
pronunciation in the target language. For 
example: namaskar is नम कार in Hindi, 
namaskaram is നമ ാരം in Malayalam. 
This facilitates  creating multilingual chatbots 
by using Matra transliteration API Service 
which helps the user to use the English 
keyboard to type in regional language which 
are saved in Unicode format and used the 
same way as English bots were created.  Matra 
can be accessed by signing up as a subscriber 
through 
https://bharatapi.gov.in/store/?tenant=matra
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.nic.inAn example of a Chatbot using Gujarati 
in addition to English version is iKhedut Portal 
for farmers which can converse with the user 
in Gujarati.  
 

 
Figure 4 : Chatbots in Regional Languages 

 
VANI Speech Enabled Services over 
Telephony: 
The reach of technology in the past decade has            
percolated down to the most common 
denominator of the society, and continues to 
do so. While the technology races towards 
people in various forms like cheaper 
smartphones, free mobile as well as cheaper 
broadband internet plans, the levels of digital 
literacy are still low [2]. In the modern-day 
quest of data generation, consumption, and 
reuse, it is increasingly being observed in e-gov 
applications, that a majority of the users who 
used govt services online were urban/semi-
urban population. 
The population(s) from rural or remote 
locations       are still, to a vast extent, still 
inaccessible due to a various reasons (but not 
limited to) ranging from digital literacy, 
hardware/software challenges, 
communication network, to providing  
technology in native languages. Many simple 
services or information which are made 
available online are still accessed by the 
middle-men, who then forward this knowledge 
to the regular folks at a price. One possible 
solution is building a Voice enabled services 
over basic telephony to let the user 
communicate with the application in their daily 
conversational language 

VANI voice support services uses the Nuance         
Voice Platform for Automatic Speech 
Recognition (ASR) of the spoken inputs by the 
caller using a Statistical Language Model (SLM) 
and associated W3C compliant VXML pages to 
deliver the answers using Text-To-Speech 
(TTS). NIC has procured the Nuance Voice 
Platform, hosted on premise, which doubles 
up as a normal IVRS with DTMF/Speech 
recognition inputs as well as a NLP/U based 
engine for natural speech inputs. Services are 
provided through 6 PRI lines in voice mode 
totalling to 180 voice channels.  
 

 
 

Figure 5 : Voice Support in Hindi & English 
 
With the help of this platform, NIC  has been 
able to provide Voice Support Services to 
eleven Government Departments for Hindi & 
Indian Accent English like IVFRT  e-TVoA 24x7 
Help Desk, PM-Kisan Samman Nidhi Yojana, 
MNRE PM-Kusum, Mann Ki Baat, CBSE Results, 
National Dental and Oral Health Awareness 
(NDOHA) etc.. For 2020 itself, Voice calls 
received on VANI were 2.25 crores. 
 

 
 
Figure 6 : Bilingual Voice  Support Statistic 2020 
 
VANI Voicebot 
VANI’s voicebot is a novel concept of using NLP 
over telephony (refer the topic above) 
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specifically targeting the populace who might 
or might not be using smartphones, but are yet 
to be digitally literate enough to leverage  
technology for their government services 
related requirements. VANI uses the Nuance 
Voice Platform (NVP) for Automatically 
Recognition (ASR) of the spoken inputs by the 
caller using a Statistical Language Model (SLM) 
which is used to recognise the free flowing 
user speech. This SLM is passed through a 
wrapper grammar written in GRXML 
(Grammar XML) - W3C SRGS (Speech 
Recognition Grammar Specification) 
standards. This wrapper grammar is where the 
actual data annotation and classification takes 
place.  
Associated W3C compliant VXML pages are 
further used to deliver the answers using 
TextTo-Speech (TTS). NIC has procured the 
NVP, hosted it on premise, which doubles up 
as a normal IVRS with DTMF/Speech 
recognition inputs as well as a NLP/U based 
engine for natural speech inputs. The 
perpetual licenses provide ASR for 14 Indian 
languages and TTS for Hindi & Indian Accent 
English. 
A voicebot to accept Citizens’ Grievance has 
been developed as a prototype.  
 

 
Figure 7 : working of a Voicebot 

Some Usecases : 
e-Governance Application Domains: 
1. Pradhan Mantri Kisan Samman Nidhi 
Yojana (PM- Kisan): IVRS based helpline was 
initiated by the Min. of Agriculture & Farmer 

Welfare in Oct. 2019 to mitigate the hardship 
faced by the illiterate farming community and 
a phone medium was selected as they could 
get the required information easily. 
The PM-Kisan application on speech enabled 
IVRS was announced by  Hon. PM on 2nd Jan 
2020 and became live. It helps the farmers 
know their payment status with respect to 
each instalment.  
 
2. RTO Sarathi chatbot was developed for 
Ministry of Surface Transport and Highways 
which answers queries for RTO Driving License.  
 

 
 
Figure 8: User asking query regarding learner 
licence on rto - sarathi portal 
 
It has received a good response since it’s 
release, with approximately 1 lac hits per 
month. RTO Sarathi is working with accuracy of 
more then 72% at present.  
 
3. CONFONET – Both chatbot has been  

developed and released for case search for 
consumer dispute redressal portal 
CONFONET for Ministry of Consumer 
Affairs, food and public distribution. Voice 
Support Services has also been made 
available for this user department.   
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Figure 9: resolving user query regarding 
confonet 
 
4. EwayBill: This chatbot developed and 

released for handling user queries 
regarding GST ewaybill system. 
 

 

 

 
 
Figure 10: resolving login issue through VANI   
chatbot on ewaybill website 
 
5. eDistrict Delhi : 
This chatbot caters to multiple user 
departments like Agriculture, Education, 
Electricity, Food & Supply, Labour, Revenue, 
SC/ST Welfare,  Transport, Urban shelter, 
Women & Child Development etc.. & to all 
eight districts of Delhi.   
 
 

 
 
Figure 11 : resolving citizen queries on 
eDistrict 
 
6. Vaidya VANI TeleConsultancy Services:  
This voice support service over basic 
telephony facilitates availing medical 
consultancy services 
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without physically making a visit to the OPD of 
Lady Hardinge Medical College, Delhi, if not 
asked by doctor to visit the emergency. 
Physical visit to the OPD in pre-Corona times is 
mapped to a virtual visit using a common 
telephone under Vaidya Vani - vOPD 
application. The patient calls a standard 8 digit 
telephone number which has facilities for 
catering to multiple calls at the same time, 
utilising all the available doctors logged into 
the system.  
Figure 12: Junior Resident’s Screen in LHMC  
catering to patients over Vaidya VANI 
Different Departments of LHMC, operate 1 
hour OPD slots in which a Junior Resident, a 
Senior Resident & Specialist is available and 
patients waiting in a queue are moved from 
one doctor to another depending on severity 
of the health problem and given prescription 
over sms and email. 
 
Conclusion: 
Thus with Virtual Assistance by NIC (VANI), 
faster turnaround time is achieved for creating 
and editing chatbots since there’s no actual 
coding involved for the user. The actual AI part 
is taken care of by AI agent platform, and 
business logic along with GUI are taken care of 
by VANI Framework.  
VANI is an security audited project, user gets a 
secure product by the end of the cycle in a very 
short amount of time.  Without this platform in 
general, with the coding efforts involved, it 
would have taken users months for individual 
chatbot creation or availing voice support 
services. 
 
Figure 13: VANI Chatbot Statistics 2020 
 

 
 
At present NIC is working towards training AI 
Models for moving the Voice Communication 
to its internal NLP engine. 
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Abstract  

National Academy of Defence Financial Management (NADFM), Pune has developed an online e-
learning portal ‘Gyan Sudha’ prior to Covid 19 Pandemic. This portal emerged as a useful tool when all 
the physical training courses came to a halt due to  COVID 19 pandemic. Much of the training that 
were happening as face-to-face in classroom environments has been converted to online virtual 
format. Use of technology in the field of training shifted the view point of both trainers and trainees 
towards training. Trainers were compelled to cope up with the new circumstances by learning new 
techniques of content development and trainees were to make themselves acquainted with the new 
gadgets and technologies for attending the courses. As such, the crisis provided a powerful test of the 
potential of learning online. It also highlighted its key limitations, including the prerequisite of 
adequate digital skills, computer equipment and internet access to undertake training online, the 
difficulty of delivering traditional work-based learning online, and the struggle of teachers used to 
classroom instruction. This paper discusses the potential of ‘Gyan Sudha’ portal and its effect on adult 
learning opportunities and identifies some key issues that the crisis has highlighted.  

Index Terms:  ‘Gyan Sudha’ e-Learning Portal, Training in Defence Accounts Department, Post 
Pandemic Training, Self-paced e-learning package, Content development for e-learning platform 

 

Training activities in Defence Accounts 
Department – Pre-pandemic 

Defence Accounts Department (DAD) 
functions under the administrative control of 
Ministry of Defence and is headed by 
Controller General of Defence Accounts 
(CGDA) 

Following are the training institutes imparting 
training for officers and staff of  Defence 
Accounts Department: 

i. National Academy of Defence 
Financial Management (NADFM), 
Pune 

ii. Regional Training Centre (RTC), Pune 

iii. Regional Training Centre (RTC), 
Bengaluru 

iv. Regional Training Centre (RTC), 
Meerut 

v. Regional Training Centre (RTC), 
Lucknow 

vi. Regional Training Centre (RTC), 
Kolkata 

vii. Defence Pension Training Institute 
(DPTI), Allahabad 

viii. Officers Training Institute (OTI), 
Gurgram 

ix. Centre for Training and Development 
(CENTRAD), New Delhi 

 

Out of this 9 training institutes, NADFM is the 
apex training institute of Defence Accounts 
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Department which imparts training for IDAS 
officers. CENTRAD, CGDA New Delhi is the 
administrative HQ of all training Institutes and 
in addition conducts training courses such as 
Mid Career Training Programme (MCTP) for 
IDAS officers, Defence Financial Management 
Course (DFMC) for Service HQs etc. DPTI is a 
specialised institute which imparts training on 
Pension and OTI on Integrated Financial Advice 
(IFA) system. All the RTCs impart training for 
Officers and staff of DAD other than IDAS 
officers who are posted in their respective 
jurisdiction on Departmental related topics. 

These training institutes draws Annual Training 
calendar with short duration courses spread 
over a financial year (April to March). 
Participants are called for from various offices 
for the course. The courses range from 2 day 
courses to 40 day courses. The training is of 
Classroom sessions using power point 
presentations, Lectures, case studies, practical 
hands on sessions etc. In general a day’s 
training is divided into 4 sessions of 75 minutes 
each with 2 tea breaks and one lunch break. At 
the end of the course a certificate is issued to 
the participant. 

The courses included in the annual training 
calendar of these training institutes are based 
on the training needs of their client 
organisation. These courses  includes 
Induction courses, orientation courses, 
refresher courses and workshops to enhance 
the performances of the officers and staff of 
Defence Accounts Department. In addition 
NADFM conducts Departmental Training for 
Indian Defence Accounts Service(IDAS) 
probationers and short duration courses for 
Service Officers and Group ‘A’ officers of other 
organisations on Defence Financial 
Management. 

Details of courses conducted by NADFM and 
RTC, Pune for last 6 Financial Years is as 
follows: 

 

 

During financial year 2020-21 which was 
affected by Covid 19 Pandemic all the courses 
were conducted in online mode. No physical 
face to face courses were conducted during 
this financial year. 

Training Activities - Post Pandemic 

From the month of March 2020 country went 
in to complete lock down due to spread of 
Covid 19 pandemic. All the activities came to a 
halt and people became panic. Social 
distancing became a norm during the 
pandemic. This  resulted in cessation of all 
physical face to face training activities in 
Defence Accounts Department . NADFM and 
RTC Pune have been at the forefront of 
embracing new technologies in the field of 
training.  Academy has developed an online 
training portal ‘Gyan Sudha’ prior to break of 
Covid 19 pandemic itself. This portal was used 
as an open learning portal by officers and staff 
of Defence Accounts Department.  

‘Gyan Sudha’ emerged as a blessing to keep 
the continuity in training activities when the 
country was facing complete lock down. 

 

Home page of ‘Gyan Sudha’ portal 
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The chart shown below indicates the usage of 
online mode of training by the Academy 
without much down fall in number of courses. 

   

e-Learning Portal ‘Gyan Sudha’  

An e-learning portal for Defence Accounts 
Department ‘Gyan Sudha’ was launched during 
2018 in Wide Area Network of DAD and was 
launched in internet during December 2019. 
This portal was aimed to impart theoretical 
training on Departmental related topics to 
officers and staff of Defence Accounts 
Department. ‘Gyan Sudha’ is an internet-based 
portal, which is accessible to users who have 
registered in the portal.  

This portal was developed in-house by NADFM, 
Pune using ‘WAMP’ server and hosted by NIC. 
This portal can be accessed through website of 
NADFM, Pune. Web address of NADFM, Pune 
is www.nadfm.nic.in .   

The department conducts a departmental 
examination called Subordinate Accountant 
Service (SAS) examination. Individuals who are 
working as Group C employees of the 
department are required to pass this 
examination for getting promotion to next 
levels of hierarchy. Syllabus of this 
examination is vast and ‘Gyan Sudha’ portal 
have a number of tutorials uploaded into its 
database which can be accessed by the user by 
registering into the portal.   

Tutorials in the portal are in 3 formats – Video 
tutorials, Reading material in PDF format and 
Power Point presentation format. In addition, 
tutorials in Shareable Content Object 

Reference Material (SCORM) format is also 
available in the portal. 

 Before hit of Covid 19 Pandemic the portal 
was used as an open learning portal where 
users who register themselves can access the 
tutorials and learn as per their convenience. 
The portal was largely used by SAS aspirants 
during this period. In addition to the tutorials 
there are practice tests in MCQ formats 
available in the portal. This enabled the 
participants to go through a self test on their 
learning.  

 

The flow chart below shows the self learning 
process through ‘Gyan Sudha’ portal. 

 

 

New Features of Gyan Sudha 

When all the physical face to face training 
activities came to a halt after the lock down, 
the courses conducted through the ‘Gyan 
Sudha’ portal was modified with the following 
additional features. 

 Provision for a course-coordinator 
incorporated. Course coordinator can 
create and design courses.  

 Provision for nominating participants 
to a course incorporated. Course 
coordinator can nominate participants 
from registered users. 



“India’s Techade: Digital Governance in a Post Pandemic World" 

 24th National Conference on e-Governance  
63 63 

 Provision for access by other training 
centres of Defence Accounts 
Department incorporated. The 
training institutes can create and 
design their own courses and 
nominate participants through a 
course coordinator. 

Addition of these new features converted the 
existing portal to a Learning Management 
System which can be used to design courses by 
incorporating relevant existing tutorials from 
the database or by adding new tutorials. 
Participants for such courses can be 
nominated and watched to see that they are 
completing the course in the stipulated time 
limit.  

With addition of new features, the flow chart 
of conduct of courses through the portal 
changed as shown below.  

Keeping into consideration short attention 
span of the trainees, some short duration 
learning videos are also uploaded in the portal 
termed as ‘ 5 minutes learning video’. 

 

 

 

Courses conducted through Gyan Sudha 

Courses conducted through ‘Gyan Sudha’ 
portal are self-paced e-learning packages on 
different topics. Nominated participants are 
allowed to access the tutorials according to 
their convenience. Courses are given a starting 

date and ending date to create seriousness 
among participants to finish the learning in a 
stipulated time.  

Final tests in MCQ format is available in all the 
courses. On getting through this test 
participants can down load a certificate of 
successful completion of the course. 

Some of the courses available in the portal are: 

 Course on Defence Accounting 
System 

 Course on Internal Audit System  

 Course on Disciplinary Proceeding 

 Course on General Financial Rules 
2017 

 Course on Noting and Drafting 

 Course on Pay fixation 

 Course on functioning of AOGE and 
AAOBSO 

 Course on Public Procurement 

 

Training through Gyan Sudha Portal – Trainers 
perspective 

By introduction of new system of e-learning a 
drastic change happened from traditional class 
room face to face lecture session to technology 
driven virtual classroom system.  Trainers who 
believed in traditional way of teaching found it 
very difficult to change themselves and adapt 
to the new system of training. Ignorance 
regarding new technologies used for creation 
of tutorials and recording training sessions 
created a resistance among trainers to adapt 
to the new system of training. 

In ‘Gyan Sudha’ portal tutorials which can be 
uploaded are of the following formats: 

 Video tutorials in MP4 format 

 Reading Material in PDF or DOCX 
format 
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 Presentation in PPTX format 

 Complete tutorial package in 
SCORM format  

Content development in these prescribed 
formats is the main challenge for the trainers. 
Virtual training should always be direct and to 
the point to engage learners and keep their 
attention. For this purpose, trainers are 
required to do a lot of homework to redesign 
the courses, which are at present conducted in 
a traditional classroom session. 

Trainers are required to reskill themselves in 
order to become proficient with remote 
meeting and virtual training platforms.  Unlike 
traditional face-to-face classroom session, to 
make a virtual training session more 
interesting, trainer should work hard to 
incorporate more interaction: more question-
and-answers such as FAQs, visual aids that are 
more engaging, more videos, more polls etc. 

  

Training through Gyan Sudha Portal – 
Trainees perspective 

Trainers are generally acquainted with 
Instructor-led Training (ILT). This can happen 
only in a traditional classroom session. 
Learning through self-paced e-learning 
packages need lot of self-motivation among 
the trainees.  

The courses through ‘Gyan Sudha’ portal is 
self-paced. Hence the participants are 
generally requested to do the course 
simultaneously with the office work. This 
situation dilutes the seriousness of the 
training. In case of virtual sessions through 
video conferencing platforms, which is 
incorporated in some of the courses 
conducted through the portal, if the trainer is 
not proficient enough to handle the session 
properly duly incorporating interactions, 
questions case studies etc. in the session, 
participants will easily get away from the 
session. 

All the tutorials of a particular course will be 
available in the dashboard of the participant 
for any future reference. However, 
participants always prefer downloadable 
tutorials, because of poor internet 
connectivity. Poor internet connectivity is a 
hurdle in all types of e-learning platforms.  

Other modes of  e-learning 

Other than self-paced e-learning courses 
through ‘Gyan Sudha’ portal training is being 
imparted in following virtual platforms: 

 Full-fledged courses through video 
conferencing applications such as 
webvc.nic.in and Cisco webex. 

 Courses in the format of webinars 
through video conferencing 
applications 

Hybrid courses were also conducted 
incorporating video conferencing sessions in 
the self-paced e-learning packages conducted 
through ‘Gyan Sudha’ portal.   

Key Issues  

Key issues with the training through ‘Gyan 
Sudha’ portal can be summarised as follows: 

 Lack of expertise among trainers for 
content development 

 Lack of technical knowledge among 
participants to learn through the e-
learning portal 

 Lack of good quality high speed 
internet connectivity with trainee. 

 Lack of self-motivation among 
participants for attending the 
training 

 Lack of interaction among 
participants 

 Lack of practical sessions 

 Resistance to shift from Instructor-
led Training to self-paced training 
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Way Ahead 

Access of ‘Gyan Sudha’ portal, which is 
presently running as an e-learning platform for 
Defence Accounts Department can be 
extended to other departments and 
organisations for conducting self-paced e-
learning courses for their officers and staff.   

Meanwhile the portal is being upgraded to 
transform this as a complete Learning 
Management System for Defence Accounts 
Department with the following additional 
features: 

 Incorporate the details of all the 
offices, officers and staff  of the 
Department in the database of ‘Gyan 
Sudha’ 

 Incorporate the details of all the 
training irrespective of physical 
classroom sessions or done through 
virtual platforms 

 Categorise and index the tutorials and 
MCQs so that user can easily search 
the relevant tutorials 

Even though Covid 19 pandemic instigated the 
boom in the field of e-learning, this is the 
future of training. For conduct of theory 
classes e-learning portal is the best tool. 
Blended courses with both theory and 
practical, theory part through the portal and 
practical in a physical classroom session will be 
ideal for a perfect learning. 

Trainers should be well equipped with 
knowledge on available technologies for 
content development. Trainers should get 
training on how to develop interactive 
contents and how to make virtual classroom 
sessions more interesting.  

Both trainer and trainee should be provided 
with good internet connectivity for 
uninterrupted sessions.   

The next significant event in the evolution of 
the training industry will be the post-pandemic 
era. The effect of this era would be the 
normalizing of remote and virtual training and 
a renewed focus on the importance of 
technical aptitude for training professionals. 

The training and development field is evolving. 
Adaptation is necessary for survival. 
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Abstract  

The projects sanctioned by Government of India for the North Eastern Region, under different 
schemes needs to be monitored regularly for assessing or certifying the goals and objectives defined 
therein and track progresses for its timely completion. About 40% of the important project lies in the 
complex hilly terrain of the region with very limited physical connectivity. The conventional monitoring 
approach does not work well in the North Eastern Region due to multiple factors. The earlier 
application relies on traditional MIS based database with no proper geo-locations for the project sites 
making the system unfit for physical tracking and monitoring. Further absence of geo-analytical tools 
made the system difficult to analyse and retrieve useful information. The previous monitoring 
mechanism therefore depends on multiple physical site visits that led to high incurring cost and 
therefore results in low return of investment. The inability to quantify the progress can also delay the 
approval of utilization certificates submitted and non-completion of projects on time. To resolve all 
these problems and inefficiencies, we have innovatively harmonized the ICT and geospatial technology 
and tools and then adopted it for effective project monitoring and real time tracking of progress. To 
perform this, we have focused on new hybrid multi-pronged approach of monitoring by leveraging 
three authentic data capturing technologies of Mobile, Drone and Satellites Imaging and their proper 
co-registrations to track quantifiable change in the progress of activities on the ground. Then an 
integrated and scalable geospatial web based dashboard is built to ingest all these multi-sourced live 
data, their interactive map visualization and perform on-click relational geo-analytics and display the 
results. All these has resulted in effective monitoring and tracking of each projects in the region. 

Index Terms – Project Monitoring, Drone, Mobile, Satellite Imaging, Dashboard 

Introduction 

Effective project monitoring is a way of 
measuring whether the work is being done as 
per intended plan so as to ensure timely 
completion of the project. The existing 
monitoring system of other government 
departments relies purely on MIS based data 
and primarily focuses on financial 
management and reporting. Most of them rely 
on one kind of data with no association of geo-
locations of   these projects. Therefore, it lacks 
physical monitoring mechanisms and visual 
verification. Third party engaged in the earlier 
system was not equipped with IT-enabled 

space technology tools and services for the 
purpose of monitoring activity. The application 
developed by the centre is based on cutting-
edge geospatial web and mobile technologies 
and employs a combination of satellite, drone 
and mobile app technologies. The current 
system therefore has brought revolution and 
digital transformation in the monitoring 
activity. All delivery of data and services are 
made using spatial dashboard and mobile apps 
developed in-house, using state-of-art 
technology and platform for seamless delivery 
of services to the monitoring authority. The 
high precision location-aware mobile app has 
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greatly assists in precise identification of the 
location of the large number of projects 
operated by different sectors and 
subsequently monitoring those using a single 
window integrate dashboard platform [10].  As 
a result of the efficiency in quality service 
delivery, ensures timely completion of projects 
in a transparent manner, minimizes cost and 
administrative burden.  
For ease of governance and to bring more 
transparency, the entire platform therefore, 
had to  be transformed into a geo-aware 
platform considering the user-friendliness of 
operation, accessibility and visibility of project 
location maps coupled with lots of analytical 
capabilities in a spatial domain. Our newer 
platform has brought digital transformation via 
effective process re-engineering by adopting 
multi-pronged approaches and deliverables 
such as [a] Precise Geo-tagging and Geo-
monitoring of all project sites in NER. [b] 
Geospatial/map-based interactive dashboard 
to monitor and assess the real-time status on 
each project. [c] A progressive mobile app for 
precise geotagging and collection of relevant 
information on the project from the site. [d] E-
Monitoring of projects in near real-time using 
a multi-pronged approach and [e] Application 
of AI/DL technique for automation in the 
evaluation process of few major project 
constructions. 

Each process has some specific standards and 
guidelines on the management and monitoring 
of the project sites and interlinked with the 
associated processes. The status of a specific 
project site via Mobile Application or other 
sources of input feeds like satellite/UAV 
(drone) images/videos are directly reflected 
into the Dashboard Analytics Platform after 
verification in the spatial MIS. The platform has 
supported cost saving via automatic 
management and monitoring of a huge 
number of projects thereby avoiding physical 
or limited site visits which is laborious, time 
consuming and costly. Figure 1 shows the 
number of projects locations considered for 
geotagging and geo-monitoring in the region. 

With the launch of the GeoTagging and 
Monitoring application, it has been observed 
the speedy implementation of the projects 
including the project sites located at remotest 
corner of the region, facilitated proper 
utilization and funds, and timely submission of 
utilization certificate (UC) for the overall 
growth of the region. This has therefore 
ensured timely completion of many important 
developmental projects and benefits availed 
by the people. Also, this system allows the 
concerned authority to study the gap areas 
and plan many new projects/schemes which 
can further benefit the 

 

 

Figure 1: Locations of Projects in NER for geo-
tagging and geo-monitoring 

people in the area. The multi-source data from 
satellite, mobile and drone delivers high 
quality geo-tagged data with precise positional 
information which are used to detect changes 
in the objects/features and therefore, enable 
the concerned authority to track quantifiable 
change in the infrastructural projects as and 
when needed. 

Materials and Methods 

The details of the project locations and their 
relevant attributes were collected, 
standardized and transformed into geospatial 
database. The high precision mobile App aided 
with GAGAN/NaViC technology for enhanced 
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positional accuracy was designed and 
developed to geotag each project sites. 
Further, the App is used to collect field 
photographs at quarterly interval to track the 
project progress. The Mobile App is also used 
to capture the status of facilities inside the 
building and progress monitored. Figure 2 
shows the location-aware mobile app and how 
it’s being used to capture on-site photographs 
of the project site along with detail attributes. 

 

Figure 2: Mobile App for on-site geotagging  

The image feeds coming in from geotag mobile 
app can also be used to assess the quality of 
the road constructions and track its progress. 
The Figure 3 shows the progress of one such 
project in the state of Meghalaya. As indicated 
in the figure, the colour depicts status on each 
segments of the road. We can thus easily 
quantify the progress based on the total length 
of the road sanctioned under the project. We 
can further verify the progress using 
geotagged photos from the Mobile App.  

 
Figure 3: Monitoring of road construction 

Even during the lockdowns, the mobile app 
has immensely helped in tracking the progress 
and close monitoring of project sites for 
establishment of critical COVID Care 
Establishment. The Figure 4 shows, how the 
images captured by the App for establishment 

of critical ICU beds across 34 projects sites in 
Assam can be seen on our dashboard along 
with its location supplemented by the satellite 
images.  

 

Figure 4: Project Status showing receiving of 
ICU machines in Goalpara District Hospital, 
Assam 

The satellite imagery is used for monitoring of 
large infrastructural based projects locate at 
remote areas of North East. We use time-series 
satellite imageries to capture and monitor 
projects on the ground [1, 2, 3]. Such aerial 
imageries captured from satellite are also 
found to be useful for many of the project sites 
with difficult and complex terrain and difficult 
to reach areas. Figure 5 shows the time series 
satellite images to track the progress of 
construction of RCC bridge over barak river 
located in Silchar, Assam.  

 

Figure 5: Use of time series satellite imagery 
for tracking of projects 

For small to medium infrastructural projects, 
we are also using drone imaging and videos for 
monitoring the changes. Drone Imaging can 
help in quantification of the progress both at 
horizontally and vertically [4]. It can capture 
objects as small as 4cm on the ground by using 
an appropriate sensor and lower flight altitude. 
With these kind of imaging and its output both 
in 2D/3D, we can therefore track the progress 
by measuring the size and shape of the 
structures in the entire project area [5, 6]. The 
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Figure 6.1 shows, how we can selectively 
inspect every part of construction areas and 
how the drone images captured during 
different time periods could be used to 
quantify the progress percentages.  

 

Figure 6.1: High Resolution aerial 2D/3D View 
of Large Construction area: Measure size and 
shape of structure 

Figure 6.2: Structural 
Change measurement  

Figure 6.3: 
Grid-wise 
progress 

 

We can even interactively measure the size in 
terms of length, area, height or volume for 
every structures from 3D model generated 
from the drone images [5]. Figure 6.2 shows 
the vertical structural changes and we can 
even measure its height as well. We can 
observe new structures that has come up in 
2019 image. We can also check the structural 
progress grid-wise as indicated in Figure 6.3. 
The grid with dark blue colour has undergone 
more progress as compare to rest of the area. 
Such information are essential in assessing 
proper monitoring of the project progress.   

We are also adopting some of the latest 
technology such as IoT based AI/Machine 
Learning specially for automated monitoring of 
the road and quality of the road being 

constructed [7, 8]. The AI model is previously 
trained for pothole detections by using many 
such images. Then we use the model 
implemented on IoT Devices and positioned it 
on top a vehicle to automatically detect the 
potholes along its path and even count the 
number of such potholes along the way [9] 
(Figure 7) 

 
Figure 7: IoT based AI model for automatic 
pothole detection 

All these multi-sourced data inputs finally goes 
to a single window Management & Monitoring 
Dashboard where the concerned authority can 
see in an integrated manner to see the live 
project status, interact with the data, visualize, 
query or generate reports for instant decision 
making. The dashboard can display both 2D 
and 3D images corresponding to each projects 
with detail attributes. The Figure 8 shows the 
dashboard with analytical tools. The blue and 
red placemarks indicated precise geotagged 
project locations along with the data feeds 
coming captured from mobile, satellite and the 
drone.    

 
Figure 8: Integrated Dashboard for 
Management and Monitoring 
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The entire application is hosted from NESAC’s 
central hosting server with due security 
auditing. Every modification to the application 
is subjected to a series of security assessments.   

Conclusion 

The traditional way of monitoring is costly and 
ineffective and lacks transparency. Through 
our integrated and scalable dashboard armed 
with location aware map intelligence, we are 
providing smarter way of monitoring for ease 
of governance. The application has therefore, 
brought complete digital transparency that 
helps in reduction in duplicity of work and 
made project administration more easy and 
manageable. Our application also emphasises 
the concept of minimum government and 
maximum governance and development by its 
ability to monitor and track large numbers of 
project sites with a single window dashboard 
application. We have adopted complete end-
to-end digital workflow and automated entire 
monitoring and evaluation mechanisms. We 
used cost effective platform for tracking and 
analysing the progress. Our application is now 
able to monitor effectively all the 1600+ 
project sites in NER which are sanctioned 
under 17 sectoral heads. This also includes 
some of the major projects sanctioned by 
Ministry of DoNER. This application has led to 
complete transparency on the project 
allocations by optimizing the earlier complex 
processes and effective service delivery of the 
data pertaining to project sites. The 
information derived from this application can 
help the funding agency for giving proper and 
timely advice which can help in speedy 
implementation of the projects and UC 
submissions. The system also allows for proper 
gap analysis so that new developmental 
projects or activities can be plan for overall 
growth of the region and socio-economic 
status of the people.  
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Chapter 11 

Beneficiary Management System – a single window beneficiary management and DBT 
portal 
Authors: 1. Smt. Tanusree Deb Barma, Secretary, Information Technology, Govt. of Tripura, 2. Shri 
Naresh Babu N., Director, Information Technology, Govt. of Tripura, 3. Shri Bidyut Datta, Joint Director, 
Information Technology, Govt. of Tripura  

Email: secy.itdept-tr@gov.in, dir.itdept-tr@gov.in, bidyut.datta@nic.in  
 
Introduction: 

Beneficiary Management System (BMS) cum 
Direct Benefit Transfer (DBT) Portal aims to 
enable beneficiary’s data management and 
facilitation of DBT for any beneficiary-oriented 
scheme for any department (both cash and 
kind). 
Beneficiary Management System (BMS) is an 
innovative concept of the State Government to 
identify beneficiaries based on Tripura Ration 
Card (RC) database and thus eliminating ghost 
beneficiaries from the system. BMS has 3 
components viz. Legacy Data Management, 
DBT and Dashboard. 
In legacy data management, beneficiary data 
of the last 3 financial years are being uploaded 
and mapped with RC database. For online 
payment, BMS is having a payment switch 
which pushes the payment requests to 
corresponding payment solution among 
Treasury, NACH (National Automated Clearing 
House) and PFMS (Public Financial 
Management System) based on the scheme. 
Approved / paid data are reflected in public 
dashboard where GP (Gram Panchayat), 
scheme, financial year wise transactions are 
shown. 
 
Objectives: 

i) To bring all beneficiary-oriented 
schemes under a single umbrella i.e., 
BMS.  

ii) To identify a beneficiary in citizen 
database. 

iii) To facilitate DBT through BMS portal 
for the schemes which are not using 
any application as of now. 

iv) To consolidate all benefits offered to a 
beneficiary in a structured manner. 

v) To make the system transparent and 
accountable. 

 
Salient Features: 
 

i) Tripura Ration Card database as citizen 
database for identification of 
beneficiaries. 

ii) Template based bulk upload of 
beneficiary data. 

iii) Online application for beneficiary self-
registration. 

iv) Ensuring accountability by applying 
eSign at every workflow level. 

v) Analytical dashboard to showcase 
location, year, scheme wise benefits. 

 
Beneficiaries of the Project: 
The BMS project targets mainly the welfare 
schemes. So, the beneficiaries of the project 
are the citizens who are benefitted by such 
welfares schemes (central sector, central 
sponsored and state schemes) offered by 
various Govt. Departments in the State. 
 
 
Project Coverage: 
i. Geographical Spread - 
a. Total number of Districts: 8 
b. No. of District(s) covered out of total 
Districts: 8 out of total 8 
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c. Percentage of Districts covered out of total: 
100% 
 
ii. Demographic spread - 
Total Population: 37,17,655 (as per RC 
database) 
Population Actually benefitted: 5,48,460 
(based on legacy data as on 22-Sep-2021) 
 
Roll out / implementation model: 
Pilot for legacy data management of BMS 
project had been done for Social Welfare 
Department, Govt. of Tripura for 30 State 
schemes throughout the State. After 
successful pilot run, all Departments were 
requested to share details for scheme 
onboarding. Scheme onboarding was done 
centrally by DIT. Several capacity building 
trainings / sessions had been conducted. As on 
date, around 25 Departments have started 
working on the legacy data management at 
various hierarchy levels throughout the State. 
For DBT, 1 scheme of Social Welfare 
Department has been taken up for pilot and 
payment will be initiated in the 1st week of 
October, 2021. 
So, roll out model is Department wise and 
Scheme wise throughout the State. 
 
Capacity Building Approach: 
Several sensitization meetings cum 
demonstrations, chaired by the Chief 
Secretary, with Principal Secretaries / 
Secretaries / HoDs have been conducted. 
Department wise several meetings organised 
by the IT Secretary for appointment of 
Departmental IT Nodal officers for the project 
and identification of schemes. 
Several trainings cum handholding sessions 
have been organised by the IT Directorate with 
support from NIC, Tripura State Unit.  
 
Situation before the Initiative: 
Before implementation of BMS, departments 
used to provide benefits through Treasury or 
PFMS or Bank Transfer or Cash. There was no 
platform available to see beneficiaries who 
were benefitted from various welfare schemes 

in a consolidated manner. As a result, for 
monitoring and analysis, authority had to 
collect data manually from Departments and 
process which was very much time consuming 
and somewhat compromised on the degree of 
accuracy. Lots of paper work were also 
necessary for processing and record keeping 
purpose. As beneficiary selection was done in 
offline mode, changes of corruption could not 
be denied. 
 
Situation after the Initiative: 
The sole purpose of the project is to identify a 
beneficiary and confirm his/her existence. This 
has been devised by using the Ration Card 
database where each beneficiary must be 
identified by a ration card member id. This has 
removed chances of corruption as there 
cannot be any ghost beneficiary in the system. 
BMS offers end-to-end online processing of 
data. Authenticity and accountability have 
been ensured by using eSign at every step 
while initiating a DBT. Historical reports are 
available in the system thus reduced paper 
work & expenditure. 
 
AS-IS Process Flow: 
 

i) Beneficiary selection based on 
recommendation or other means at 
field levels (panchayet / block etc. 
levels). 

ii) Forwarding the beneficiary list to the 
disbursement level (Block / District / 
State level) through proper channel. 

iii) Disbursement through Treasury or 
PFMS or Bank Transfer. 

iv) In some cases, payment was also 
done through cash at various levels. 

 
 
 
 
TO-BE Process Flow: 
 

i) 3 levels of users for DBT viz. a) Maker, 
b) Checker and c) Approver 
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ii) Maker can be at Panchayet / Block / 
Sub-division / District etc. level as per 
department structure.  

iii) Online beneficiary creation at maker 
level. Identification of beneficiaries in 
terms of Ration Card at maker level. 
Beneficiary creation is one time job. 
Beneficiary can self-register in the 
system for which online application is 
provisioned. 

iv) Selection of beneficiaries for initiating 
payment at Maker level. Uploading of 
artifacts in support of beneficiary 
selection in the system. Forward the 
list to Checker for review. Forwarding 
requires eSign by the Maker. 

v) Review, update (if any) and 
confirmation on beneficiary selection 
at Checker level. Confirmation 
requires eSign. 

vi) Review, update (if any) and approval at 
Approver level. Approval requires 
eSign. 

vii) Push to Treasury / PFMS / NACH for 
payment by Approver.   

 
AS-IS Data Flow: 
 

i) Filled up data in excel at field level. 
ii) Data forwarded to disbursement level. 
iii) Data forwarded to Treasury / PFMS / 

Bank by designated disbursement 
officer. 

iv) For some schemes…payment was also 
done through cash at levels and the 
data was kept at that level. 

 
TO-BE Data Flow: 
 

i) Beneficiary creation by self-
registration (online application) or by 
Maker. 

ii) Beneficiary identification in terms of 
ration card database by Maker. 

iii) Beneficiary selection by Maker. 
iv) Beneficiary selection review by 

Checker. 

v) Initiation of DBT for a specific scheme 
and instalment by Maker. 

vi) Review of list of the beneficiaries for 
DBT by Checker. 

vii) Approval of beneficiary list for DBT by 
Approver. 

viii) Push for payment by Approver. 
 
Challenges 
As Tripura Ration Card database is the baseline 
citizen database for the project, it is imperative 
that the database should be accurate. It has 
been observed that in most of the cases, 
beneficiary name is not exactly matching with 
the actual name. The mismatches are mainly 
due to wrong spelling of the names. It has been 
planned to take necessary measures for 
correction of beneficiary names in the RC 
database. 
 
BMS Architecture: 
BMS is integrated with Tripura Ration Card 
database through API. Legacy data, DBT, 
Dashboard all 3 components are 
interconnected through APIs 
 

 
Figure 6: BMS Application Architecture 
 
BMS Technology Stack: 
For Legacy Data and DBT 

a) Java 8 
b) PostgreSQL 11 
c) Jenkins – CI/CD Pipeline 2.289.2 
d) Apache Load Balancer 2.4 

For Dashboard 
a) Elastic Search / ELK 7.9 
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b) Kong API Gateway 2.4.x 
For Source Code Management – git 2.28 
For Issue Tracker – MantisBT 2.25.2 
 

 
Figure 7: BMS Technology Stack. 
 
Outcome: 
Before BMS 

i) Manual selection of beneficiaries. 
Artifacts in support of selection are not 
maintained. 

ii) Maintenance of hard copies at 
multiple levels. 

iii) Manual collection of data from various 
locations and manual consolidation for 
MIS reporting purpose. 

iv) Chances of ghost beneficiaries being 
paid. 

 
After BMS 

i) Online creation of beneficiaries. 
ii) Online selection of beneficiaries. 
iii) Online initiation of DBT. 
iv) Online DBT payment. 
v) Availability of various MIS reports 

anytime, anywhere 
 

Conclusion: 

BMS is not only facilitating beneficiary 
management and DBT but also contributing 
greatly in establishment of an authentic and 
accurate citizen database for Tripura. 
Gradually the citizen database will be enriched 
day by day and may be in near future it will 
become the single source of truth database for 
the State. 
  
 
 

 
 

 

 




