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Abstract— This article unveils an ingenious technology that
enables the interpretation of sign lan- guage, which is crucial
for communication of the deaf and hard of hearing. This project
uses latest technology like computer vision and deep learning to
turn hand movements into text in real time. The system consists
of a secured database for storing sign language data that
improves model accuracy and scal- ability. The introduction
of this project was under the chairing of Dr. Pooja Bhatt and
the collaboration of Mohammad Awad Baig, Rayapati Bhanu
Prakash, Sai Sri Harsha In- jam, and Gunturu Vasu Deva. It
establishes a simple solution that can be applied in vari- ous
sectors like education, healthcare, and so- cial services. The
test results show very good performance in recognizing and
responding to gestures, which proves that it can be an effec-
tive communication aid for those with hearing impairments.
The study also brings out the role of accessible technologies in
creating an inclusive and cohesive society.

I. INTRODUCTION
Sign language serves as a crucial tool for the com- muni-

cation of the deaf and the hard-of-hearing people, enabling
their self-expression, social in- teraction, education, and a
sense of independence within the hearing community. But
despite its vi- tal role in the lives of these individuals, the
people that use it still face challenges as a significant bar-
rier exists in understanding sign language with those who do
not. Misinterpretation or even total lack of communication
can lead to isolation as those with no knowledge of ASL
find it is hard to connect and communicate with the deaf
community on a daily basis. This leads to increased stress
and psycho- logical problems that put a strain on the day-to-
day lives of the affected people, as well as leading to these
people in need not having access to important services such
as healthcare services or information presented through sign
language. With the advances in the technology of Artificial
Intelligence (AI) and computer vision, it is possible to
bridge the gap in communication between the two groups
of people by transforming sign languages into audible or
writ- ten language hence making it easy for’ those with
no knowledge of sign language to understand.”The world is
moving too fast and if we can all speak the same language,
then we will be able to involve the world but this demands
that everyone deals with pe- ople who have limitations.

It is for these reasons that our team has been involved
in the SIGNSRD project aimed at providing an easy way
for people to learn about different cultures and improve
their communication skills.“ This study is concerned with
designing and implementing an innovative system with the
capacity to automatically recognize sign language move-
ments employing the state-of-the-art technology of computer
vision as well as deep le- arning. The system based on an
object-detecting mechanism can catch and analyze the moves
made by the hands of a person using a live video stream,
and further on, adaptable LSTM network and De- ep Neural
Network (DNN) algorithms can process the transmitted video
dating back on the screen and translate them into text that
can be easily understoodby every person. This strategy leans
on a special set of training data prepared for an individual’s
specific gestures, in this way promoting extremely accurate
pronunciation and adaptability to any peculiarities of the
language’s jaw-dropping anatomy. Also, a secure storage
system has been a major part of the same project with the
role of storing sign language data in the course of training
and application, thus ensuring excellent results in terms of
speed, safety, and scalability of the designed mode which
is ready for any envisaged dispersion. This research project
was conducted under the supervision of Dr. Pooja Bhatt, an
esteemed neuroscientific expert, and asso- ciate professor
of electrical engineering at the uni- versity. An elaborate
partnership that involves a te- am of efficient and results-
oriented students, each specializing in a particular aspect
of research, who have made it a purpose to take “SIGNS’
focus on real-life concerns and making the world more ac-
commodative besides enhancing cross-cultural in- teraction.
Mohammed Awad Baig, Rayapati Bhanu Prakash, Sai Sri
Harsha, and Gunturu Vasu Deav were the affordably-minded
students, who through sleepless nights and all-rounded effort,
were A num- ber of thematic points will be covered in the
coming sections with regards to the how the new technology
used itself, the outcomes that it has led and the po- tential
it has for the future. The focal point of the proposal is
on coming up with a hands-free syste- m that assists in
breaking down the barrier caused by communication between



individuals with hearing challenges and those without them.
In this paper, the proposal is to develop a system that enables
hearing handicapped individuals to participate in primary ac-
tivities, and this plays a significant role in social.

II. PROBLEM STATEMENT

Although the deaf and hard of hearing communities con-
stitute a sizable fraction of the global population, there are
critical communication barriers between sign language users
and people who do not use or understand sign language.
This communication gap leads to feelings of loneliness,
Alienation, lack of opportunity to get human services at
the same level as other people and impediment coverage,
thus mak- ing it sad deplorable unfairness, and difficulties
in interacting with the hearing community for individ- uals
for whom sign language represents a primary means of
communication. The long-standing so- lutions such as the
use of human interpreters, al- though effective as such in
some cases, are not re- adily available, which can make
them so costly and, at the same time extremely infeasible,
especially in urgent scenarios like during an emergency, or
in real-time communication that often occurs in daily lives.
Therefore, the most impactful innovation that can address
this challenge is the development of a system which can
automatically interpret the sign language, being fast, effective
and able to translate it into spoken or written language. This
project aims in the development of a real-time automated
sign lan- guage interpretation system for the hearing impaired
members of the society using deep learning mod- els and
computer vision technology. This solution is grounded on
the potential of modern information technology to empower
the deaf and hard of hear- ing community to communicate
frictionlessly with people who do not know sign language,
break the isolation that confronts many of them increase
ac- cess to essential services and allow them to enjoy more
complete and robust human interaction, fur- ther enhancing
their life experience as well as in- spiring societies to be more
supportive inclusive and accessible to everyone irrespective
of their abilities capabilities and challenges.

III. SCOPE OF PROJECT

The current project will aim to come up with a complete
system that will help and make commu- nication very easy
for the people who use sign lan- guage and the people who
do not understand the sign language. The system is designed
to capture, process, and translate hand gestures into readable
text in real time, enhancing accessibility for indi- viduals
who are deaf or hard of hearing and in an attempt to close
the gap between the sign-language speakers and the people
who do not understand it. The project will center the focus on
various aspects involving 1. Gesture Recognition and Trans-
lation: The system will use technologies like computer vi-
sion and deep learning and translate die hard sign language
gestures into written and meaningful terms while in their
video format, and this is no matter the highest accuracy and
actualization between the two. The successful incorporation
of this feature will lead to very high precision and translation

of sign language into the intended meeting targets, al-
lowing the diverse deaf communities to communi- cate with
different types of people who may or may not understand
sign language. The advancements in video interpretation
would therefore allow for perfectly encoding all possible
sign language data into manageable parameters similar to
other natural languages thus enhancing the accessibility of
such groups to various information sources. 2. Database
Management: The system will come with a man- ageable
and safe place where all the proprietary sign language data
will be stored to allow the models to fit into the different
cases in sign language recogni- tion and improve as time
goes by. This will enable educators, health professionals,
and so many other professionals to appreciate and deliver
in time the concept because, in most cases, they find it very
hard to communicate with the people who are deaf or have
little hearing. The system will, therefore, make it possible
to have more and more data to learn from in improving the
current model and in com- ing up with a much better one
emphasizing that the system is quite scalable and can be
adapted from distinctions and other factors personifying a
certain sign to regional dialects or even subtle variations in
signs 3. Real-time Processing: Our project will take up the
urgency of minimizing the time taken for in- terpreting signs
in able to have a smooth and func- tional interactive system.
The final system should be capable of interpreting signs with
a very high degre- e of precision and in an extremely short
amount of time. Visiting a much-used library of existing
gestu- ral databases has provided plenty of evidence to
im- ply that latency in translations causes a considerable
decrease in sign use and running the models in real- time.
Face to face will have settings that give tech- nical tools
of clear understanding that will be used in class-rooms;
where students will be able to ask questions in the course
with an immediate response from their teacher based on
the lectures that can be utilized to alter the experience and
have a clear un- derstanding. 4. Versatile Application: The
system is intended to serve various sectors, including higher
education, health care, and social services, since e- fficient
communication with people who are hard of aspects of the
hearing is sometimes very crucial.

IV. OBJECTIVE OF PROJECT

The main reason behind developing this project is the need
for extending the means of communica- tion amongst the
deaf and hard-of-hearing individ- uals in society through the
use of a fully automated and responsive model of interpreting
sign language in a way that makes it possible for these
people to live a normal and fulfilling life as other members of
society that are not physically challenged. In the specific, the
following objectives arise from the primary objective: Real-
time Gesture Recognition: The principal goal of the project
is the implementa- tion of a model that can recognize the
various sign languages used in different parts of the world
within the shortest possible time after its capture. Addi-
tionally, it will interpret the various gestures of the sign
language proficiently and rapidly and in par- allel with other



activities. Text Translation: This important project objective
is achievable with the- model transforming the recognized
sign languages into readable texts in a very small fraction of
time and this will go a long way in allowing for an ideal and
effective way of communicating between the deaf and the
people without the knowledge of sign language. Scalability
and Adaptability: The main motivation behind this objective
is the development of an adaptive database management
console appli- cation, datamart, or structure that would store
dif- ferent types and a huge number of sign languages that
can be used as part of the sign language to e- nhance the
model to relatively cope with the diffe- rent sign languages
spoken in the society, May it be in terms of dialects or
simply the signs used. This will help the proposed system to
gain the func- tionality of being extensively adapted to the
particu- lar environment through which it is projected to be
functioning. User-Friendly Interface: A more ope- rational
and visually appealing and easy-to-use user interface will
indeed be produced so that it is pos- sible to interact with
the sign language recognition system without any obstacle.
This also means that this system must be built in such a
way that the user must not feel any difficulty in using it
and using it in a good way. This will ensure that persons of
vari- ous age groups are capable of utilizing the available
signs without the usage of an expert analyst or sig- nificant
expertise in computer operations. Practi- cal Application:
Finally, this project will produce a very functional sign
language recognition system that suggests its use in schools,
hospitals, and as- sociations.

V. MOTIVATION

The project emerges from a full realization of the everyday
obstacles of the deaf and hard of hearing community in re-
gards to information access and suc- cessful communication
with the hearing community. It is evident that sign language
is a valid way of com- munication; however, the majority
of the population remains uninformed of the difficulties of
learning it, and these are the root causes of social isolation
and group inaccessibility to essential services. Social Inclu-
sion: The core objective of the initiative is to enable equal
socialization and equality through the transparent communi-
cation between sign language users and people who do not
master it. Employ- ing a thorough methodological process,
the project seeks to bring an increase the quality of life to
the group of sign language users. Technological Ad- vance-
ments: The swift growth of artificial intelli- gence, machine
learning, and computer vision foster powerful changes in
creating novel solutions which were unfathomable before.
Hence, this particular project is aimed at using these cutting-
edge tech- nologies to devise a system that is fail-proof
and fast. Accessibility in Communication: Interestingly, this
project spotlights the absence of communication mediums
for the deaf people in several settings, like the classroom,
the clinic, and at the reception desks. These automated
systems can be instant supports and also can be crucial in
creating environments, which are open to self-expression,
understanding of others, and respecting others. Personal

Connection: According to many team members, their work is
rooted in their personal ties to the deaf community, whether
through their families, friends, or through their advocacy
work. This gives them the necessary determination to develop
an applicable device that indeed grants an improvement in
the lives of those living with hearing impairment. Vision
for the Fu- ture: We want to use technology to create a
future where communication is no longer a wall between
the different communities. The project envisions it- self as
an inspiration to lead further technologies that are based on
their perfection of the accessibility and inclusivity concepts.

VI. IMPLEMENTATION

Deploying the sign language interpretation system involves
key elements of data gathering, model de- velopment, system
architecture, and testing. The section describes the method-
ology along with the technologies utilized in formulating an
efficient and effective solution for real-time sign language
inter- pretation. Data Gathering: Gesture Dataset: The very
first thing that was implemented in the system was to collect
a varied dataset of gestures in sign language. The dataset was
full of expressions in sign language captured from multiple
signers to ensure wide representation of signing style. Videos
were recorded under con- trolled environments to have
as minimal background noises and distractions, and each
gesture is labeled for training purposes. Data Augmentation:
There are some data augmentation techniques that enhance
the model’s robustness. This can include changing lighting
conditions, backgrounds, and angles within the recordings
and may also apply some transforms such as rotating and
flipping. These make it possible to simulate real-life situ-
ations, thus generalizing the model. Model Development:
Algorithm: In the context of gesture recogni- tion, this model
used a combination of CNNs and RNNs. For that particular
model, CNNs are poten- tially powerful regarding extracting
spatial features from individual frames, while RNNs are
capable of capturing temporal dynamics along sequences
of frames. Training Process: The available data set was
divided into training, validation, and test sets. The model
was trained on the training set and hyperpa- rameters were
tuned on the validation set. Dropout and batch normalizations
were also applied in or- der to reduce the overfitting of the
models and to increase its performance. System Architecture:
Real-Time Processing Pipeline: The system will attempt to
process the input video streams in real time. Video is live
captured by a webcam or a cam- era and then sent to a
gesture recognition model as frames. The model will run the
frames one after an- other and output the recognized gesture
as text. User Interface : An interactive user interface had
been de- veloped to support interaction between the user and
the system. The interface shows the recognized text in real
time and gives visual feed back to the user for improving
usability. Other features implemented in the system are the
availability of choice of various sign languages and watching
the demonstration of gestures. Testing and Evaluation Perfor-
mance Metrics: The performances were measured by using
the accuracy, precision, recall, and F1-score metrics. The



performances clearly re- flect the generalization capability of
the model along with correct gesture recognition capabilities.
User Testing: The real users from the deaf community were
used for testing the usability and actual effec- tiveness of
the system in a real scenario. Feedback was collected for
improvement in areas. Adjust- ments were made as experi-
ence and preference of the users suggested. Final Integration:
With thorough testing and fur- ther refinement, the system is
finally deployed. This would be by optimizing the model for
running on various devices and ensuring that it works well
with a wide range of operating systems. On-going Learn-
ing: The system has been devised with continuous learning
in mind. New gestures are added and the model updated as
more data becomes available. This will ensure that the system
remains relevant and ef- fective over time. The successful
development of such a program through this process was
realized in the communicative needs of the deaf and hard-
of- hearing community of the system through its func- tional
sign language interpretation system. Results from the testing
will be discussed together with the implications of the system
deployment in the rest of the paper. The implementation
process of the sign language interpretation system can also be
fur- ther divided into four main components, which in- clude
data collection, model development, system architecture,
and testing. This section describes the methodology and
technologies used in the develop- ment of an effective and
efficient real-time sign lan- guage interpretation solution.
Data Collection: Gesture Dataset: To implement the system
first, a diversified gesture dataset of sign language must
be collected. The dataset has varieties of sign lan- guage
expressions captured from different signers to ensure a wide
variety of signing styles are in- cluded. Videos were taken
in controlled environ- ments with minimal background noise
and distrac- tions, and each gesture labeled for training
purposes. Data Augmentation: It tries to make the model ro-
bust by using data augmentation techniques. It in- cluded
lighting, background, and angles of video recording, and it
was subjected to transformations like rotation and flipping.
This simulates real-world scenarios and enhances the model’s
ability to gener- alize. Model Designing: Algorithm Selec-
tion: The model uses a combina- tion of CNNs and RNNs to
recognize gestures. The spatial features can be well extracted
from individ- ual frames using CNNs. However, the RNN
can cap- ture the temporal dynamics over the sequences of
the frames. Training Process: Training, validation, and test
sets. These were all split on the training dataset. This training
set was then used to train the model. The hyperparameters
were adjusted using the vali- dation set. Dropout and batch
normalization tech- niques were used to avoid overfitting.
System Ar- chitecture: Real-Time Processing Pipeline The
system is de- signed to process video streams coming in real
time. A webcam or camera captures the live video, feeds this
to the gesture recognition model, and sends it for processing.
The model processes frames sequen- tially and produces the
recognized gesture as text. User Interface: An intuitive user
interface was de- veloped to encourage interactions with the
system. Recognized text is displayed in real time, and visual

feedback is given to enhance usability by the user. Other
features include the selection of choice be- tween different
sign languages and gesture demon- strations. Testing and
Evaluation: Performance Metrics: To measure the perfor-
mance of the system, the metrics of accuracy, pre- cision,
recall, and F1-score were used. These met- rics provide
an idea of how effectively the model is identifying the
gestures. User Testing: In order to validate the usability and
effectiveness in real-world scenarios, an user testing study on
people from the deaf community was carried out to check
the us- ability and effectiveness of the system. Feedback was
collected in order to identify areas of improve- ment and
modifications were made on the basis of the user’s experience
and preference. Deployment: Final Integration: Since the
system had been thor- oughly tested and enhanced, it was
integrated into the release environment. In this, optimizations
of the model were made to performance across mul- tiple
platforms while ensuring its ability to work with other related
operating systems. Continuous Improvement: The System
learns continuously, that is, new gestures can be added hence
updating of a model each time new data becomes available.
This makes the system relevant and effective over time.
Success in the process is shown through the devel- opment
of a functional sign language interpretation system aimed at
meeting the needs of communica- tion within the community.
The results obtained from testing shall be addressed in the
succeeding sections and what deployment of the system
could imply.

VII. TESTING

Testing of the sign language interpretation system is
crucial for performance, usability, and effectiveness in real-
world applications. This section explains the various testing
methodologies, measures taken to as- sess them, and results
obtained from user testing. Testing Methodologies: Unit
Testing: Unit testing was done on all the components of
the system, which include the ges- ture recognition model
and user interface. This was to ensure that every individual
piece of the system was correct in functioning. Several
input scenarios were tested for their output by checking
for output validity, to detect and eradicate any problems
at a very early stage in the development cycle. Integra-
tion Testing: Integration testing came after success- ful
unit testing. It ensured that all components of the system
operated well together, creating a well- integrated system.
For example, there was integra- tion testing that established
how the gesture recog- nition model could communicate
with the user in- terface in terms of data flow and at what
point the system performed its real-time processing. Sys-
tem Testing: The overall functionality of the sign language
interpretation system has been checked through full system
testing. This involved differ- ent simulated user scenarios that
determine perfor- mance under different conditions, varying
lighting, background noise, and signing styles. Performance
Metrics: Quantify the effectiveness of the system us- ing
a number of performance metrics: Accuracy: The number
of correctly recognized gestures over the total number of



gestures presented. This is a direct measure of how well
the model does. Precision: Ratio of true positive predictions
to true plus false positives, an indicator of the ability of
the model to avoid false alarms. Recall: It is defined as
the number of true positive predictions in rela- tion to the
sum of true positives and false negatives, which refers to
how well the model can identify all relevant gestures. F1-
Score: The harmonic mean for precision and recall, thus
being the balance between the two metrics for more complete
evaluation. User Testing : Participants Recruited. Participants
to be re- cruited for user testing should vary across the dif-
ferent types of signing styles and preferences among deaf
people. Their feedback will be very important in ironing out
the system. Testing Sessions: Partic- ipants conducted testing
sessions where they were required to perform a number of
gestures in front of the camera while the system recorded and
inter- preted those signs. Observations were carried out re-
garding how responsive and accurate the system was in iden-
tifying every gesture. Feedback Collection: After the testing
sessions, participants were asked to provide feedback through
questionnaires and inter- views. Questions had included what
experience they had with the system, whether the user inter-
face is so clear and easy, and if they experienced some sort
of difficulty. It was from this testing that an overall result was
achieved on the order of 85The precision and re- call metrics
presented values of 0.82 and 0.80, re- spectively, that were
evidence the model was very effective at identifying signs
with minimal error. Such features were the system’s strength,
including its real-time translation capability and very friendly
user interface. There were also participants who pointed out
some areas where the system can be im- proved, such as the
allowance of complex signs, and system responsiveness in
challenging lighting con- ditions. Continued Improvement:
Through insights developed during the testing, the system
is bound to have iterative improvements such as refinement
of the algorithms for gestures recognition, expansion of the
dataset for gestures, and user suggestions in order to improve
overall usability and performance. The testing phase has been
pivotal in validating the effectiveness of the sign language
interpretation system as designed for the communication
needs of the deaf and hard-of-hearing community. The re-
sults indicate a quite significant scope for the tech- nology
to incorporate greater inclusions and acces- sibility into a
number of different settings.

VIII. RESULT

The testing and evaluation of the system produced en-
couraging results that demonstrate indeed how the sign
language interpretation system can be an effec- tive commu-
nication tool for the deaf and hard-of- hearing community.
This section summarizes im- portant outcomes in terms
of performance, feedback from the users themselves, and
overall usability. Performance of the Model Accuracy : The
gesture recognition model achieved a very impressive rate of
85Precision and Recall: The precision and recall both were
0.82 and 0.80, respectively, meaning that the model was cor-
rectly getting the gestures at the right time and not producing

many false positives which also ensured that the majority
of relevant gestures by the user were recognized. Real-time
Responsiveness: The system was able to keep the latency
very low; hence, translating gestures into text nearly in real
time was possible. Real-time processing proved necessary for
enabling natural interaction between users with the system.
Ease of Use: Users felt that the interface was in- tuitive
and accessible. This would allow easy under- standing and
handling with minimal need for train- ing. Great appreciation
was enjoyed on clear visual feedback on recognized gestures
along with accu- racy of translation. Satisfaction Level: The
users would rate their satisfaction with the system from 1
to 5 and came at an average score of 4.3. This says a lot
and actually reflects the real-life applica- tions where such a
system would be in great demand. Constructive Feedback:
Users presented interesting ideas, among them increasing
the recognition in low light conditions and expanding the
vocabulary of the system with more expressive gestures.
These in- sights will guide future improvements of the model
as well as the interface. Effectiveness : Impact to Inclusivity:
The system had proven to work in educational and social
service settings, wherein clear, accessible communication
must be present. The technology can reduce reliance on hu-
man interpreters and empower the deaf to commu- nicate on
their own. Flexibility: The system suc- cessfully interpreted
signs in all the environments and background conditions.
Thus, it shows flexibil- ity because it can apply to various
scenarios of use. It proved suitable for deployment in settings
such as classrooms, hospitals, and public services, where
ac- cessibility is vital. Limitations and Need for Further
Development: Though the system performed very nicely,
several issues were realized in testing. These are compound
gestures that involve more complex- ity as well as variability
in signing style from one user to the next. Again, these
findings indicate that the gesture set should be expanded as
well as refined into a model pertaining to a greater number
of nu- ances within signing.

IX. CONCLUSION

The Sign Language Interpretation project has suc- cess-
fully developed a real-time gesture recognition system aim-
ing to remove the communication barri- ers of people who
are deaf and hard-of-hearing. It is effective at recognizing
sign language gestures and translating them into text read
by anyone, thus hav- ing easier communication. The results
are indicative of achieving high accuracy along with high
rates of responses, thus the value of this system will be
em- ployed for any kind of educational, health-related, or
social work setting. The project showed that the improvement
of technology in artificial intelligence and machine learning
can be used in order to surpass communication challenges.
This system, in provid- ing a very low-cost as well as an
easy-to-interpret tool, will have the capability to enhance the
quality of people’s life if they rely on sign language. The
system encourages inclusiveness with fewer depen- dencies
on human interpreters and will allow peo- ple with hearing



impairments to communicate more freely in public and social
environments.

X. FUTURE WORKS

While the project has attained most of its key aims,
this work requires further development to help the system
function and shine even brighter. The follow- ing areas,
therefore will be targeted for future work: Further Extension
of Gesture Vocabulary More gestures to be added to the
database, complex signs, including dialects of sign language
in order to have the comprehensiveness of the system, so
that the model can address a more diverse range of sign lan-
guage users and contexts. Significant Improvement in Model
Robustness: Improvements to the gesture recognition model
are intended to enhance the capabilities of the system under
different operating conditions, including low illumination,
cluttered background, and user style variations. Techniques
such as domain adaptation and transfer learning can assist
in making the model more robust for variations in certain
conditions. Testing in Real World and Users’ Feedback:
Al- though the users have sent encouraging initial com-
ments, only further testing in real environments will allow for
cross-sections of users to determine fur- ther improvements.
Feedback from the users will be of extreme importance for
the development pro- cess, including fine-tuning of the user
interface, ges- ture recognition, and overall usability of the
system. While the project has attained most of its key aims,
this work requires further development to help the system
function and shine even brighter. The follow- ing areas,
therefore will be targeted for future work: Further Extension
of Gesture Vocabulary More gestures to be added to the
database, complex signs, including dialects of sign language
in order to have the comprehensiveness of the system, so
that the model can address a more diverse range of sign lan-
guage users and contexts. Significant Improvement in Model
Robustness: Improvements to the gesture recognition model
are intended to enhance the capabilities of the system under
different operating conditions, including low illumination,
cluttered background, and user style variations. Techniques
such as domain adaptation and transfer learning can assist
in making the model more robust for variations in certain
conditions. Testing in Real World and Users’ Feedback:
Al- though the users have sent encouraging initial com-
ments, only further testing in real environments will allow for
cross-sections of users to determine further improvements.
Feedback from the users will be of extreme importance for
the development process, including fine-tuning of the user
interface, gesture recognition, and overall usability of the
system.
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