£1d
CSIR

The Innovation Engine of India

Annals of Library and Information Studies
Vol. 71, June 2024, pp. 200-207
DOI: 10.56042/alis.v71i2.7545

ational Insttue ofScience Commuication nd Polcy Research

Hugamsane:

Robotic Library Services in the Context of Persons with Disabilities

Balaji Maddisetty
Library Assistant-B, UR Rao Satellite Centre, Bengaluru-560017
E-Mail: balajimaddisetty@gmail.com

Received: 25 December 2023; Accepted: 15 March 2024

The study explores the use of robotic technologies in improving library accessibility for differently-abled individuals,
focusing on visual, hearing, physical, and cognitive disabilities. It emphasizes the importance of inclusive environments and
libraries' role in promoting inclusivity. Robots can assist in language translation, provide real-time updates, and organize
library collections, fostering collaboration and communication among learners. They can also provide accessibility features
like text-to-speech capabilities or tactile interfaces. Libraries can collaborate with disability advocacy organizations and
train staff on disability awareness and inclusive practices to enhance library accessibility and inclusivity. The collaboration
can lead to the implementation of assistive technologies and innovative solutions that cater to the specific needs of
individuals with disabilities. This service can give immense pleasure to a person with disabilities and provide accessibility,
inclusivity for physically handicapped individuals, and full participation.
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I. Introduction

Robotics is a multidisciplinary field that focuses on
designing, building, operating, and utilizing robots.
Robots are predicted to become the dominant
technology in the world by 2030, with all humans
relying on them for routine work. The use of robots in
the industry is projected to increase by 175% within
the next decade (Raghvaiah 2023). With
advancements in technology, robots have become
more autonomous and versatile, performing complex
tasks like surgery and customer service. Libraries that
embrace robotics technology can revolutionize
knowledge access, engagement, and learning by
incorporating humanoid robots into their operations.
However, safety concerns must be addressed, as direct
interaction between robots and humans can pose risks.
Libraries can implement safety protocols such as
limiting robot movements, providing clear
instructions for human interaction, and ensuring
regular maintenance and monitoring of their
mechanical and electrical systems”. Staff training on
robot safety and emergency procedures can also help
ensure a safe and positive experience for patrons and
staff.

The DAISY Consortium, an international
organization, focuses on creating accessible digital
content for individuals with reading disabilities’. They
have developed the DAISY/NISO Standard, a digital

talking book specification that supports various forms
of accessible content, including traditional
presentation of images and text, audio, content
navigation, and animation. The International
Federation of Library Associations and Institutions
(IFLA) has developed guidelines to address the issue
of' special needs' for disabled individuals, advocating
for inclusive library services that cater to the diverse
needs of all individuals”.

However, safety concerns may arise when robots
interact directly with library patrons and staff. The
University of Oklahoma Libraries is experimenting
with Alexa, Amazon's virtual assistant, and readers'
advisory robots. The DAISY Consortium created the
DAISY/NISO Standard to produce accessible digital
content for people with reading disabilities like
dyslexia, blindness, low vision, and other print
impairments’. The IFLA guidelines address the issue
of' special needs', which some disabled people's
groups argue are neither special nor unique’. They
aim to help libraries make the first steps in welcoming
and accommodating individuals with disabilities and
provide a comprehensive approach to library services.

Disability

Disability affects 16% of the global population,
with 1.3 billion people experiencing significant
disabilities today. Factors such as sex, age, gender
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identity, sexual orientation, religion, race, ethnicity,
and economic status influence these individuals,
leading to premature death, poorer health, and
limitations in daily functioning. Health inequities,
such as discrimination, poverty, exclusion from
employment and education, and healthcare system
obstacles, contribute to these disparities. In India, The
Persons with Disabilities (Equal Opportunities,
Protection of Rights and Full Participation) 2016 Act’,
protects the rights and promotes full participation of
individuals with disabilities. With an estimated 2.68
crore people with disabilities, 2.21% of the
population, inclusive policies and initiatives are
needed to ensure their equal opportunities and well-
being. The government is enhancing accessibility
through ramps, Braille signage, digital content
accessibility, assistive technologies, and social
welfare programs. However, social stigma and limited
accessibility hinder full participation.

Importance of accessibility for
handicapped individuals

Accessibility is a fundamental human right that
eliminates physical and structural barriers that hinder
mobility, communication, and life access. Assistive
technologies have significantly improved the
lives of individuals with disabilities, enhancing
communication, information access, and employment
opportunities®. These technologies include social
inclusion, assistive learning, smart home technologies,
augmentative and alternative communication, screen
readers, braille displays, and accessible document
formats. The ongoing advancement of technology
holds great promise for enhancing autonomy and
inclusivity, contributing to a more egalitarian and
accessible global community. Universal design
principles ensure inclusivity and community
engagement, positively impacting mental health and
promoting a sense of belonging. Universal design (UD)
should be fair, adaptable, straightforward, intuitive, and
error-tolerant, accommodating individuals of diverse
mobility aids and body sizes’. However, challenges
include affordability, accessibility, inclusive
technology policies, and emerging trends in assistive
technologies.

Libraries often lack adequate physical accessibility
features, such as ramps and elevators, and limited
availability of assistive technologies like screen
readers and voice recognition software. Additionally,
the lack of accessible formats, such as braille books or
audio books, can be a barrier for individuals with

physically

print disabilities. Staff members may also lack the
necessary training to effectively communicate and
support individuals with disabilities, further hindering
their access to library resources. India has made
significant strides in improving the lives of persons
with disabilities (PWDs) through policies and acts,
including increased access to health, education,
employment  opportunities, and rehabilitation
measures, including AT services. Case studies of
inclusive accessibility include the Malmo City
Library in Sweden, the National Library Service for
the Blind and Print Disabled, and the Inclusive
Library Project in Worcester, UK. These libraries
demonstrate  successful accessibility  practices,
inspiring others to adopt similar practices and
promoting inclusivity in knowledge and learning. In
conclusion, accessibility is a fundamental human right
that empowers individuals with disabilities,
promoting  social inclusion and  economic
independence'’. Advances in assistive technologies,
universal design principles, and innovative library

practices are essential for creating accessible
environments that benefit all individuals.

Robotics in libraries can greatly enhance
accessibility and inclusivity for physically

handicapped individuals.

Robotics has the potential to revolutionize library
accessibility and inclusivity for  physically
handicapped individuals. These assistants can offer
personalized library services, directing individuals
through the library layout and locating materials.
They can also autonomously retrieve and deliver
resources, reducing physical effort. Bobbie, a robot in
the library, delivers materials, welcomes guests, and
directs them to various locations while answering
frequently asked questions, including newspapers,
magazines, and brochures. They can provide
accessible information in various formats and interact
with adaptive technologies like screen readers and
voice recognition software.Library technology is
revolutionizing the way we interact with library
resources by using book-retrieving machines. These
robots use technologies like LiDAR, odometry,
cameras, computer vision, and GPS systems to
navigate the library setting, perform tasks like
obstacle avoidance, and identify books''. Once a book
1s retrieved, the robots use automated elevators or
platforms to access every corner of the library. They
can also provide personalized suggestions, auditory
explanations, and up-to-date library data.



202 ANN. LIB. INF. STU., JUNE 2024

However, challenges such as cost, implementation,
user acceptance, ethical considerations, and
accessibility beyond physical limitations must be
addressed. By addressing these challenges, libraries
can transition into inclusive environments where
knowledge transcends physical limitations. Further
research should focus on examining existing cases,
creating prototypes, promoting policies and funding
initiatives for assistive technologies, and exploring the
integration of robots with artificial intelligence and
machine learning'?.Case studies show that robotics in
libraries can significantly improve inclusivity and
accessibility. Examples include BookBots at
Utsunomiya City Library in Japan, the Inclusive
Library Project at The Hive in Worcester, UK, and
StoryBots at Malmo City Library in Sweden. The
Temasek Polytechnic Library in Singapore has
developed a robot called 'Robbie’ capable of scanning
over 32,000 books per day. . Autonomous shelf-
scanning machines ensure accurate book availability,
reducing waiting times and aggravating patrons,
including those with disabilities.

I1. Benefits of Robotics in Libraries for Physically
Handicapped Individuals

Assistive Services

Assistive technologies, such as Kurzweil 3000,
Open Book, JAWS, NVDA, Voiceover, OCR,
auditory devices, amplifiers, hearing aids, TDD, VRS,
and more, can improve the performance of
differently-abled individuals, leading to increased
employment rates and retention'*. These technologies
are valuable resources, and their effective use requires
technological aid. Library assistive services, such as
robotics, adjustable desks, accessible computer
stations, and specialized software, promote inclusivity
and equal opportunities for physically handicapped
individuals'®. Libraries offer specialized resources
like print books, braille materials, and audio books,
and librarians receive training to effectively
communicate and support these patrons.

Robotic assistance for navigation and mobility
within the library

Libraries can enhance  accessibility and
independence for people with physical disabilities by
implementing robotic assistance systems such as

autonomous wheelchair navigation, smart carts,
mobile robotic guides, interactive kiosks, and
augmented  reality navigation'®. To  ensure
effectiveness, libraries should establish charging

stations, implement user-friendly interfaces, and
maintain the technology through staff training, patron
education, and regular evaluation. These systems
empower mobility, provide personalized guidance,
and offer real-time interaction. Interactive kiosks offer
accessible information points with multilingual and
multimodal features, while augmented reality
navigation enhances navigation experiences and can
integrate with personal devices'’. These systems
promote independence and reduce physical barriers,
fostering a more inclusive environment.

To overcome challenges in implementing robotic
assistance systems, libraries should focus on
technological, user-related, privacy, infrastructure,
and community engagement aspects. Strategies for
overcoming these challenges include comprehensive
training programs, user education initiatives, gradual
integration, regular maintenance protocols,
collaboration with tech experts, accessibility testing,
user-friendly interfaces, privacy and ethical concerns,
infrastructure and space considerations, open dialogue
with stakeholders, flexible implementation plans, and
scalability considerations. Case studies show that
Mobile Assistance Robots (MARs) are
revolutionizing library accessibility and mobility,
providing guidance, directions, and information about
collections and services, promoting independence and
reducing dependence on human intervention'.

Robotic retrieval of books and materials

Robotic retrieval systems in libraries can enhance
accessibility for people with disabilities by
automating inventory management, enabling adaptive
path planning, and assessing book condition. These
systems optimize space utilization, freeing up staff
time for personalized assistance and service
expansion. They integrate with library management
systems for efficient tracking and retrieval, providing
an intuitive interface for users. They can also assist in
accessibility audits, identifying barriers and providing
feedback for improvements, creating more inclusive
environments. A robot at PERSIST central library in
Singapore assists in filing, sorting, and replacing
books on the bookshelf. Adaptive path planning and
book condition assessment ensure high-quality
reading experiences for all. Effective inventory
management is crucial in library settings, impacting
resource  availability, financial accountability,
operational efficiency, error reduction, and user
satisfaction. Integrating barcode and RFID technology
with library management systems can monitor
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inventories, prevent lost materials, enable data-driven
decision-making, and facilitate collaborative resource
sharing". Automated due date reminders and security
measures are also beneficial. Libraries should
prioritize resilient inventory management systems to
maintain dynamic, accessible, and community-
oriented collections, ensuring their continued
relevance and vitality to their communities.

Book preservation is crucial for a readable and
uninterrupted reading experience. It involves
assessing cover integrity, page quality, text legibility,
aromas, and completeness. Proactive measures
include user education, routine inspections, storage,
protective  measures, repair, and restoration.
Prioritizing book condition enhances user satisfaction,
safeguards cultural heritage, and demonstrates
conscientious stewardship®’. Libraries can present
stories in their best possible condition, promoting
recurrent visits and enhancing user contentment.
Libraries should explore programs, cost-benefit ratios,
policies, funding initiatives, and emerging
technologies like automated book scanning and digital
preservation. By prioritizing these technologies,
libraries can create an all-encompassing and user-
friendly environment, ensuring their continued
relevance and vitality to their communities.

Robotic assistance in carrying and returning books

Robotics can significantly improve library
accessibility and inclusivity for  physically
handicapped  individuals. = Autonomous  book-
retrieving  robots  assist  mobility-challenged
individuals by autonomously retrieving books, while
interactive robot assistance helps navigate the library.
Book delivery robots bring requested materials
directly to patrons, reducing movement’'. Assistive
technologies like voice recognition or screen readers
can enhance accessibility for visual or auditory
impairments. Integrating robotic elements into library

design can create spaces more accessible to
individuals ~ with  disabilities.  Customized
accessibility solutions ensure equal access to
information, educational resources, and library

services. Autonomous book-retrieving robots offer
independent access, reduced physical exertion,
expanded resource reach, and enhanced user
experience. They can navigate even the narrowest
aisles and retrieve books from the highest shelves,
making the entire collection accessible. Singapore's
robot librarian, AuRoSS, uses RFID to locate
misplaced books on shelves, ensuring accurate

inventory management™.The personalized library
experience can boost self-esteem, confidence, and a
sense of belonging, contributing to greater social
inclusion and participation. The psychological
benefits of these robots are significant, enhancing the
library experience for all.

Interactive robot assistants transform libraries into
accessible knowledge hubs for individuals with
mobility challenges. They offer personalized
navigation,  alternative  routes,  text-to-speech
capabilities, audio descriptions, and integration with
assistive devices, making library visits more
enjoyable and accessible. Book delivery robots reduce
movement, enhance independence, and reduce
fatigue, making the entire library collection
accessible. Advanced models offer personalized
recommendations, audio descriptions, and real-time
information, ensuring an inclusive environment for
patrons with diverse needs. Robotic assistance in
libraries is revolutionizing book returns and
transportation, making work simpler and more
productive®®. Case studies include Automated Book
Return Systems, BookBots, Autonomous Book
Return Robots, and Library Express. These machines
not only retrieve books but also transport them to
pick-up locations, reducing physical exertion for users
with restricted mobility.

Robotic tutors and educational tools for
personalized learning
Robotic tutors and educational tools are

revolutionizing personalized learning for physically
handicapped individuals by providing tailored support
and accessible experiences. These tools include
adaptive learning programs, assistive technologies,
remote learning support, data analytics, interactive
modules, and more. They promote inclusivity,
facilitate personalized learning plans, and enable
learners with disabilities or learning difficulties to

thrive. Personalized learning tools significantly
improve academic  performance, engagement,
independence, and reduce anxiety”. However,

challenges include technology access and training,
data privacy and security, teacher buy-in, and cost and
resource allocation. Researchers should research
successful case studies, advocate for policies and
funding initiatives that support equitable access to
technology and personalized learning resources,
develop training programs for educators, and explore
emerging technologies like artificial intelligence and
adaptive learning™.
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Physical limitations have long hindered educational
opportunities for individuals with disabilities.
However, adaptive learning programs and assistive
technologies are revolutionizing access and
participation by tailoring content to individual
learning styles and paces’. Accessible learning
materials in digital formats eliminate barriers to
information, and real-time feedback and progress
tracking allow educators to personalize support. These
technologies also enhance the learning experience by
promoting increased engagement, greater
independence, reduced anxiety, and collaboration™.
To overcome learning independence, various
strategies and resources can be employed, such as
using adaptive learning  platforms, assistive
technologies, and digital learning resources. Time
management tools, goal setting, independent research
and critical thinking skills, collaborative learning and
support networks, online communities and tutoring
services, environmental accessibility, and celebrating
successes can help build confidence and positive
attitudes. Further exploration of successful programs,
policies, and resources can help break down barriers
and create a future where all individuals, regardless of
physical limitations, can become lifelong learners and
thrive in their educational journeys.

Interactive robotics to engage physically
handicapped individuals in library programs and
workshops

Interactive robotics can revolutionize library

programs and workshops for physically handicapped
individuals by providing an inclusive and interactive
learning experience”. These technologies can be used
in  storytelling sessions, coding workshops,
makerspaces, virtual reality, and AR, facilitating
collaborative learning, teamwork, social interaction,
and a sense of belonging. Libraries can become hubs
of learning, empowering individuals to overcome
physical limitations and actively participate in
knowledge™. Virtual reality and augmented reality
robotics can also revolutionize industries like
architecture and design, and medical training.
Assistive services in libraries aim to create an
inclusive environment for physically handicapped
individuals, ensuring equal access to information,
resources, and community engagement. Collaboration
with  disability  organizations, user feedback
mechanisms, and assistance with library materials are
crucial for a successful inclusive library service®'.

Technology is revolutionizing architecture and
design by enabling the fabrication of intricate
structures with remarkable accuracy. Computer-aided
design (CAD) and 3D printing enable architects to
create physical prototypes, intricate components, and
entire structures layer by layer’>. However, ethical
considerations, skill gaps, human-centric design, and
cost and  accessibility  present  obstacles.
Comprehensive training programs and upskilling
initiatives are needed to bridge the gap between
technology-driven ~ design  and  conventional
architectural skills. Case studies from The Hive in
Worcester, UK”, and Malmo City Library34 in
Sweden demonstrate the potential of interactive
robotics in facilitating narrative sessions, fostering
artistic expression among children with disabilities,
and delivering virtual reality experiences. In Japan,
Tokyo Metropolitan Tama Library offers coding and
robotics seminars to encourage innovation and digital
competencies.

C. Increased Independence and Autonomy

Robotic  assistive technologies (RAT) have
revolutionized the lives of individuals with disabilities
by providing innovative solutions for daily activities,
cognitive rehabilitation, and sensory impairments™.
Advancements in artificial intelligence and machine
learning enable smart RAT systems to adapt to
changing conditions, promoting independence
and inclusivity. RAT systems also improve
communication and social interaction through speech
recognition and natural language processing, reducing
barriers and promoting inclusivity.

Robotic devices for self-checkout and circulation
activities

Robotic devices are revolutionizing library self-
checkout and circulation by automating repetitive
tasks, providing personalized assistance, and
expanding access to services'’. These devices can
retrieve books, manage inventory, assist patrons with
navigation, patrol the library, identify misplaced
books, provide real-time information, perform book
cleaning and maintenance, analyze user preferences,
and offer personalized recommendations. Customized
robotic solutions cater to diverse abilities, offering
assistance in areas like navigation, reading, therapy,
rehabilitation, and workplace solutions®®. Real-time
intelligence is revolutionizing the lives of individuals
with disabilities by enabling robotics to adapt and
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respond in real-time to their needs. This dynamic
interaction between real-time data and personalized
autonomous solutions enhances autonomy, security,
and quality of life. Robots can analyze their
environment, identify obstacles, and adjust their
movements accordingly’’. They can also offer
customized learning, skill development, emotional
and social interaction, and cognitive support.
However, ethical considerations such as data security
and privacy are crucial. Challenges include cost,
accessibility, user acceptance, privacy concerns,
regulatory frameworks, and ethical guidelines.

Maintaining and cleansing books is crucial for
user-centric assistive reading robots. Regular cleaning
removes dust and debris, protects sensors, and
prevents pages from becoming fragile or warped.
Accessibility considerations include cleaning braille
surfaces, audio port connections, and headphone
functionality. A user-centered approach involves user
participation, automated cleaning systems, and
caregiver training, creating an inclusive reading
environment for individuals of all abilities. Robotics
can anticipate and adapt to user preferences, enabling
them to anticipate and predict requirements,
customize task assistance, and streamline processes.
However, ethical considerations such as data privacy,
security, transparency, bias, and human agency must
be considered. Responsible analysis of robots is
crucial to foster genuine collaborations between
humans and machines. Customized robotics is
expected to revolutionize capabilities, empower
individuals, and create a more inclusive global
environment. Case studies show that robotic devices
like BookBots at the University of Toronto Libraries,
RFID technology, self-service checkout kiosks™,
automated book sorters at Central Michigan
University Library, and Project MARCH® are
revolutionizing library operations by eliminating the
need for manual classification and data entry,
increasing throughput and efficiency, and improving
staff productivity and workflow.

I1. Implementation Challenges

Robotics can improve independence and quality of
life for physically handicapped individuals, but it also
presents  challenges such as  accessibility,
affordability, user acceptance, infrastructure support,
ethical considerations, and standardization. Effective
use requires collaborations, user-centric design,
interoperability, safety  features, maintenance
protocols, strong encryption measures, and data

security®. Financial feasibility involves initial costs,
operational expenses, and potential ROI. Libraries
may need to adapt spaces, create accessible pathways,
and install charging stations. Strategies for financial
feasibility include phasing implementation, exploring
grant funding, conducting cost-benefit analyses, and
investing in staff development programs.

Collaboration is essential for libraries to link users
with information and resources, promoting user-centric
design and interoperable materials®'. Interoperability is
achieved through standardized metadata, shared
technology platforms, and digitization initiatives.
Libraries can evolve into dynamic centers of
information, empowering patrons, safeguarding
cultural heritage, and ensuring fair access to global
knowledge. Further research should focus on research,
policy advocacy, resource development, and emerging
technologies like blockchain and semantic web.
Library safety is crucial for educational pursuits and
community involvement. Adequate safety equipment,
secure access control systems, and comprehensive
emergency response plans are essential®. Staff training
and exercises, CCTV, security personnel, mental health
awareness, and technology can improve security.
Balancing security, openness, privacy concerns, and
resource constraints can be challenging. Libraries
should prioritize maintenance programs, allocate
resources for staff training and skill development, and
strategically plan maintenance activities.

Discussion

Robotic library services can enhance accessibility
for individuals with disabilities, but they face
challenges such as cost, technical limitations, and
compatibility issues. Ethical considerations are crucial,
as robots may collect and store personal information.
Future advancements in robotic library services include
virtual reality and haptic feedback technologies.
Utsunomiya City Library in Japan has implemented
BookBots for book transportation and patron
assistance™, reducing book retrieval time and
empowering independent access to the library's vast
collection. The Meiji University Library in Tokyo has
also implemented an autonomous shelf-scanning
robot*™. Robotic library services can also promote
reading and learning for children with disabilities
through Virtual Reality Zones and interactive
storytelling tools. The Library of Alexandria uses
BookBots technology, Pepper Robots serve as friendly
assistants, and the BookBike Delivery Service delivers
books directly to patrons' homes®. Robots offer a
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promising direction for future library automation in
India, as they can work alongside librarians quickly
and perform human activities. While robots have
artificial intelligence, they cannot be as intelligent as
humans due to their human touch. The adoption of
robots in Indian libraries is less widespread than in the
western world, but the need for automation is imminent
due to India's vast population'.

Conclusion

Libraries are integrating robotics to enhance
accessibility for people with disabilities. These
devices automate tasks, free up staff for complex
inquiries, and aid in book retrieval. However, raising
awareness and changing societal attitudes is crucial.
Libraries should consider staff roles, training,
financial sustainability, and patron involvement in
decision-making. Community outreach programs can
dispel misconceptions and promote inclusivity. Active
patron involvement ensures services align with user
needs. Libraries should integrate universal design
principles into their physical spaces and digital
platforms, incorporating features like wheelchair
accessibility and assistive technologies. By involving
patrons with disabilities in decision-making, libraries
can create an inclusive environment. The government
has implemented initiatives like the Accessible India
Campaign and the Rights of Persons with Disabilities
Act, but more work is needed to change societal
attitudes, improve accessibility infrastructure, and
implement comprehensive policies.
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