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I. Abstract

Zero Ul, or Zero User Interface, represents the next frontier in user experience design, aiming to minimize or eliminate
the traditional graphical interfaces we're accustomed to. Its scope is vast, encompassing voice commands, gestures,
and context-aware automation. The current market for Zero Ul is burgeoning, with multiple devices with varied
interfaces to choose from. This review paper aims at studying all the prominent Zero Ul present in the market and
provides a comparative analysis in various aspects.
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1. Introduction

Contactless Ul is redefining user interactions by eliminating the need for physical touch. It primarily leverages voice
commands, allowing users to control devices and applications using their voice alone. Gesture-based interactions
utilize natural movements to navigate and operate devices, enhancing user experience with intuitive controls. Brain-
Computer Interface (BCI) takes contactless Ul a step further, enabling direct communication between the brain and
external devices, opening up possibilities for seamless control and interaction without any physical input. Together,
these technologies are shaping a future where interfaces are more intuitive, convenient, and accessible.

1. Zero Ul
Here is a brief of the Zero Uls explored in this paper :

1. Voice Commands : Voice commands stand at the forefront of Zero Ul, offering a hands-free and intuitive way
to interact with devices and applications. This technology has seen widespread adoption across various sectors
due to its convenience and accessibility. In the home automation sector, voice commands allow users to
control smart lights, thermostats, and appliances effortlessly. In the automotive industry, voice-activated
systems enable drivers to make calls, set navigation destinations, and control entertainment systems without
taking their hands off the wheel. Voice assistants like Alexa, Google Assistant, and Siri have become
ubiquitous, assisting users with tasks ranging from setting reminders and searching the web to playing music
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and managing schedules. Rabbit R1 is another device that lets users interact with natural language commands
with a greater degree of freedom in terms of tasks that it can undertake. Furthermore, voice commands are
increasingly being integrated into healthcare, aiding in hands-free documentation and control of medical
equipment. Overall, voice commands have permeated many aspects of daily life, simplifying tasks and
enhancing user experience across a multitude of applications.

2. Gesture Based : Gesture-based interactions represent a groundbreaking aspect of Zero Ul, enabling users to
control devices and interfaces through natural movements and gestures. This intuitive approach to interaction
has found its way into various sectors, enriching user experience and expanding the possibilities of how we
interact with technology. Augmented Reality (AR) has greatly benefited from gesture-based Ul, offering
immersive experiences where users can manipulate virtual objects with hand gestures. In gaming, gesture
controls add a layer of realism and engagement, allowing players to interact with games in new and exciting
ways. The healthcare industry utilizes gesture-based systems for touchless control of medical equipment,
reducing the risk of contamination. Additionally, gesture-based interfaces are becoming increasingly
prevalent in automotive and retail sectors, enhancing user interfaces in vehicles and creating interactive
shopping experiences. As technology continues to evolve, gesture-based interactions promise to play a pivotal
role in shaping the future of Zero Ul, bridging the gap between humans and machines with seamless and
intuitive interactions.

3. BCI(Brain Computer Interface) : Brain-Computer Interface (BCI) stands as a revolutionary form of Zero Ul,
bridging the gap between the human brain and external devices to enable direct communication and control.
This innovative technology has garnered significant attention across various fields for its potential to redefine
human-computer interaction. In healthcare, BCls offer new possibilities for assisting individuals with
disabilities by allowing them to control prosthetic limbs or wheelchairs through thought alone. Research in
the gaming industry explores BCls to create immersive gaming experiences where players can control
characters and actions using brain signals. Moreover, BClIs hold promise in neurology for monitoring brain
activity and diagnosing neurological conditions more effectively. In the future, BCIs may also find
applications in automotive safety, allowing drivers to control vehicle functions through brain signals without
manual input. As advancements continue, BCI technology is poised to unlock new realms of possibilities,
transforming how we interact with technology and enhancing the scope of Zero Ul.

IVV.Parameters and Results

1. Accuracy : Here accuracy as a parameter for evaluating Voice Commands, Gesture-Based Ul, and Brain-
Computer Interfaces (BCI) refers to the system's ability to correctly recognize and interpret user inputs or
commands without or with minimum errors.

(1) Voice Command Recognition

e Averaging on 90% accuracy voice commands are fairly recognized well but lack in aspects pertaining
to linguistic differences.
Difference in accents is a primary factor in hampering exactitude of the recognizing systems .
Degradation in understanding and accuracy of foreign languages which are linguistically and
morphologically different from prominent languages such as English is observed .
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(ii) Gesture Based Recognition

e Accuracy is observed to be greater than 90% for most systems credited to various hardware and
software improvements.

e Usage of 10T devices and external sensors has drastically elevated the accuracy of recognition of hands
as it redistributes the load of recognition, also allowing dynamic recognition.

e WiFi based recognition and algorithms with greater scrutiny has enabled precise recognition.

(iii) Brain Computer Interface

e Accuracy averages to a decent 84% with most BCIs being EEG devices.
e Although some research shows improved performance to about 94% accuracy, it is for too simple

tasks .
Accuracy Voice Commands Gesture Based BCI
Average Score g 9.2 8.8

Table 1.0

2. Error Handling : Here Error Handling as a parameter for evaluating VVoice Commands, Gesture-Based Ul,
and Brain-Computer Interfaces (BCI) refers to the system's capability to manage and resolve errors or
misunderstandings that occur during user interaction.

(1) Voice Command Recognition

Errors are handled through quick correction through multimodal probabilistic models.

Strategy follows to not deny the understanding or recognition of the command and instead follow
through with similar probable statement in form of question.This prevalent strategy is found to have a
positive effect on the user.

(ii) Gesture Based Recognition

e Does not have an explicit error handling mechanism set in place but strives on continuously improving

the system based on feedback.

e Use of complex algorithms such as CNN(Convoluted Neural Network) to learn from error through
back propagation is persuasive.

e A more novel way to the problem is perhaps the introduction of trainable or personalized gesture
recognizers backed by deep learning algorithms.
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(iii) Brain Computer Interface

e BCl algorithms use advanced algorithms that most accurately identify errors and what a better suited

interaction result would have been.
e ErrP ( Error Related Potentials ) are neurophysiological signals associated with error processing that
allow a more intuitive as well as more accurate assessment of the errors.

Error Handling Voice Commands Gesture Based BCI
Average Score 8 9 10
Table 2.0
3. Intuitiveness : Here Intuitiveness as a parameter for evaluating Voice Commands, Gesture-Based Ul, and

Brain-Computer Interfaces (BCI) refers to the system's ability to be easily understood and operated by users
without the need for extensive learning or instructions.

(i) Voice Command Recognition

e NLP (Natural Language Processing) makes such an Ul highly intuitive where unlike previously
interaction with a computer required computer language.

(ii) Gesture Based Recognition

e Although traditional algorithms and systems did not support much intuitiveness they worked on the
same principles of interaction as that of a computer thus making the interaction somewhat familiar to

the user.
e Advanced technology ensures that new waves of hardware and software consist of trainable and

personalized control thus making it more intuitive.
(iii) Brain Computer Interface

e BCI are known for their highly intuitive interfaces, with the highest degree of intuition involved that

too sourced directly from the brain.
e Although some drawbacks persist with major issues in erroneous recognition of intentional and

unintentional commands.
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Intuitiveness

Voice Commands

Gesture Based

BCI

Average Score

8

10

Table 3.0

4. Consistency : Here Consistency as a parameter for evaluating Voice Commands, Gesture-Based Ul, and
Brain-Computer Interfaces (BCI) refers to the system's ability to maintain uniformity and reliability in
recognizing, interpreting, and executing user inputs or commands across different interactions, devices, or
applications.

(i) Voice Command Recognition
e 70% - 90% of inconsistent and noiseful voices are understood by the recognizer, making it more prone
to erroneous understanding and being less viable in particular environments.
e New voices are recognised quite ploddingly.

(ii) Gesture Based Recognition

e It has higher consistency in recognizing and acting on noisy gestures mainly due to training on vast
datasets and continuous error back propagation.

(iii) Brain Computer Interface
e Although it provides the highest degree of freedom of method of interaction it is prone to inaccuracy

in case of deprived or swinging mental states along with moods erratically changing the landscape
criteria of interaction causing continuous inconsistency and ambiguousness on system’s part.

Consistency Voice Commands Gesture Based BCI

Average Score 7 9 7

Table 4.0

5. Adaptability : Here Adaptability as a parameter for evaluating Voice Commands, Gesture-Based Ul, and
Brain-Computer Interfaces (BClI) refers to the system's ability to adjust, modify, or respond to changes in user
behavior, preferences, environments, or input methods.

(i) Voice Command Recognition

e |ts adaptability to new users is tedious.
e User Adaptability to it is fairly convenient.
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(ii) Gesture Based Recognition
e |t adapts fast to new users thanks to training on vast datasets and operations of neural networks.
e It has a steep learning curve and variance in method of interaction based on a system which causes
unrest among users.

(iii) Brain Computer Interface

e Although it is complex to recognize intuitive methods it does a fairly good job
e |t may be hard to get accustomed to and difficult to handle at first.

Adaptability Voice Commands Gesture Based BCI
Average Score 7.5 7 8
Table 5.0
V.Analysis

The scores given to all three Zero Uls are relative in nature and are data driven in nature. They aim to reveal and help
assess their capability and extend to which they perform within a particular parameter.

Based on the average score Voice Based Ul and BCI ( Brain Computer Interface ) although perform fairly well on
certain parameters particular issues such as VVoice Recognition of new users or noisy voice recognition,and limited
scope of tasks and BCI’s insufficient capabilities to cope with human emotions and being able to differentiate between
intentional and unintentional commands.

Zero Ul Voice Commands Gesture Based BCI

Average Score 7.90 8.84 8.16

Table 6.0

Based on the average score Gesture Based Zero Ul seems the most viable with its high accuracy, great error handling
capacity through backpropagation in neural networks and implicit error handling and continuous improvement , its
ability to cater to audiences both in traditional and trainable or personalized domains, consistent performance and
adaptability to user. Although user adaptability and learning curves being steep bars it.

JETIR2404744 \Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org |h353


http://www.jetir.org/

© 2024 JETIR April 2024, Volume 11, Issue 4 www.jetir.org(ISSN-2349-5162)

VI1.Conclusion

Voice Based Ul and BCI face quite big blockages, correction of which has bleak scope or require more rigorous
research in domains such as biology and psychology for further advancements with a complex aggregation with
technology for desired results, which for now seem a distant future.

Although Gesture Based Ul seems to have the most potential in most all parameters. The issue of steep learning curve
can be solved by graduating the user through stages of Zero Ul hardware. A proposed solution could be to instead of
directly introducing the user to an AR (Augmented Reality) headset such as Apple Vision Pro, one could gradually
introduce the user to simple gesture based environments on already comfortable systems such as mobile phones or
laptops slowly building and training the user for more complex tasks and then shift to full Gesture Based Ul.

REFERENCES

[1] Shaneh, Mahdi, and Azizollah Taheri. "Voice command recognition system based on MFCC and VQ algorithms." World
Academy of Science, Engineering and Technology 57 (2009): 534-538.

[2] Coniam, David. "Voice recognition software accuracy with second language speakers of English.” System 27.1 (1999): 49-
64.

[3] P. Cohen et al., "Towards a universal speech recognizer for multiple languages," 1997 IEEE Workshop on Automatic Speech
Recognition and Understanding Proceedings, Santa Barbara, CA, USA, 1997, pp. 591-598, doi: 10.1109/ASRU.1997.659140.
keywords: {Speech recognition;Natural languages;Switches;Degradation;Speech analysis;Vocabulary;Availability;Humans; DH-
HEMTSs;Context modeling},

[4] N. Mohamed, M. B. Mustafa and N. Jomhari, "A Review of the Hand Gesture Recognition System: Current Progress and
Future Directions," in IEEE Access, vol. 9, pp. 157422-157436, 2021, doi: 10.1109/ACCESS.2021.3129650.

keywords:  {Gesture  recognition;Assistive  technologies;Data  acquisition;Databases;Libraries;Human  computer
interaction;Object  recognition;Classification;feature  extraction;dynamic hand gesture recognition;sign language
recognition;vision-based hand gesture;recognition accuracy},

[5] Z. Lu, X. Chen, Q. Li, X. Zhang and P. Zhou, "A Hand Gesture Recognition Framework and Wearable Gesture-Based
Interaction Prototype for Mobile Devices," in IEEE Transactions on Human-Machine Systems, vol. 44, no. 2, pp. 293-299, April
2014, doi: 10.1109/THMS.2014.2302794.

keywords: {Accuracy;Mobile handsets; Testing; Training;Gesture recognition;Prototypes;Heuristic
algorithms;Accelerometer;electromyograghy;gesture recognition;human—computer interaction},

[6] W. He, K. Wu, Y. Zou and Z. Ming, "WIiG: WiFi-Based Gesture Recognition System," 2015 24th International Conference on
Computer Communication and Networks (ICCCN), Las Vegas, NV, USA, 2015, pp. 1-7, doi: 10.1109/ICCCN.2015.7288485.
keywords: {Gesture recognition;Feature extraction;Wireless communication;Wireless sensor networks;Support vector
machines;OFDM;IEEE 802.11 Standard},

[7] A. Calado, P. Roselli, V. Errico, N. Magrofuoco, J. Vanderdonckt and G. Saggio, "A Geometric Model-Based Approach to
Hand Gesture Recognition,” in IEEE Transactions on Systems, Man, and Cybernetics: Systems, vol. 52, no. 10, pp. 6151-6161,
Oct. 2022, doi: 10.1109/TSMC.2021.3138589.

keywords: {Gesture recognition; Trajectory; Training;Assistive technologies;Accelerometers;Gyroscopes;Algebra;Deep learning
(DL);explainable artificial intelligence (XAl);geometric algebra;gesture recognition;machine learning (ML);nearest neighbor
classification (NNC)},

[8] Yeh, Chia-Hung, et al. "Vision-based virtual control mechanism via hand gesture recognition.” Journal of computers 21.2
(2010): 55-66.

JETIR2404744 |Journa| of Emerging Technologies and Innovative Research (JETIR) www.jetir.org |h354


http://www.jetir.org/

© 2024 JETIR April 2024, Volume 11, Issue 4 www.jetir.org(ISSN-2349-5162)

[9] N. Deshmukh, C. Savur and F. Sahin, "iOS Based Pose Estimation and Gesture Recognition for Robot Manipulation," 2022
17th Annual System of Systems Engineering Conference (SOSE), Rochester, NY, USA, 2022, pp. 438-443, doi:
10.1109/SOSE55472.2022.9812685. keywords: {Laser radar;Pose estimation;Software algorithms;Robot vision
systems;Humanoid robots;Gesture recognition;Cameras;component;formatting;style;styling;insert},

[10] B. Blankertz, F. Losch, M. Krauledat, G. Dornhege, G. Curio and K. -R. Mdller, "The Berlin Brain-Computer Interface:
Accurate performance from first-session in BCl-naive subjects," in IEEE Transactions on Biomedical Engineering, vol. 55, no.
10, pp. 2452-2462, Oct. 2008, doi: 10.1109/TBME.2008.923152.

keywords: {Electroencephalography;Machine learning;Rhythm;Pattern analysis;Learning systems;Data analysis;Control
systems;Foot;Neurofeedback;Performance analysis;Brain-computer interface;common spatial pattern
analysis;electroencephalography;event-related  desynchronization;machine learning;pattern  classification;sensorymotor
rhythms;single-trial analysis},

[11] Ferrez, Pierre W., and José del R. Millan. "Simultaneous real-time detection of motor imagery and error-related potentials
for improved BCI accuracy." Proceedings of the 4th international brain-computer interface workshop and training course. 2008.

[12] Turnip, Arjon, Demi Soetraprawata, and Dwi E. Kusumandari. "A comparison of EEG processing methods to improve the
performance of BCL." International Journal of Signal Processing Systems 1.1 (2013): 63-67.

[13] Skantze, Gabriel. "Exploring human error recovery strategies: Implications for spoken dialogue systems." Speech
Communication 45.3 (2005): 325-341.

[14] Prodanov, Plamen. Error handling in multimodal voice-enabled interfaces of tour-guide robots using graphical models. No.
3581. EPFL, 2006.

[15] Cuadra, Andrea, et al. "My bad! repairing intelligent voice assistant errors improves interaction." Proceedings of the ACM
on Human-Computer Interaction 5.CSCW1 (2021): 1-24.

[16] Li, Gongfa, et al. "Hand gesture recognition based on convolution neural network." Cluster Computing 22 (2019): 2719-
2729.

[17] Lipscomb, James S. "A trainable gesture recognizer." Pattern Recognition 24.9 (1991): 895-907.

[18] Junokas, Michael J., et al. "Enhancing multimodal learning through personalized gesture recognition." Journal of Computer
Assisted Learning 34.4 (2018): 350-357.

[19] Nelson, Alexander, et al. "Adaptive and personalized gesture recognition using textile capacitive sensor arrays." IEEE
Transactions on Multi-Scale Computing Systems 1.2 (2015): 62-75.

[20] Wirth, C., et al. "Towards error categorisation in BCI: single-trial EEG classification between different errors.” Journal of
neural engineering 17.1 (2019): 016008.

[21] Cruz, Aniana, Gabriel Pires, and Urbano J. Nunes. "Double ErrP detection for automatic error correction in an ERP-based
BCI speller." IEEE transactions on neural systems and rehabilitation engineering 26.1 (2017): 26-36.

[22] Patel, Jamnesh, Romit Tejani, and Bijal Talati. "Evaluation Of Performance Of Artificial Intelligence System During Voice
Recognition In Social Conversations using NLP." 2022 13th International Conference on Computing Communication and
Networking Technologies (ICCCNT). IEEE, 2022.

[23] Fairclough, S. "BCI and physiological computing for computer games: Differences, similarities & intuitive control."
Proceedings of CHI'08 1 (2008): 1-6.

[24] Zander, Thorsten O., et al. "Towards BClI-based implicit control in human—computer interaction." Advances in Physiological
Computing (2014): 67-90.

JETIR2404744 |Journa| of Emerging Technologies and Innovative Research (JETIR) www.jetir.org |h355


http://www.jetir.org/

© 2024 JETIR April 2024, Volume 11, Issue 4 www.jetir.org(ISSN-2349-5162)

[25] Rohlfing, Matthew L., et al. "Hey Siri: How effective are common voice recognition systems at recognizing dysphonic
voices?." The Laryngoscope 131.7 (2021): 1599-1607.

[26] Liu, Yan, et al. "UniFi: A Unified Framework for Generalizable Gesture Recognition with Wi-Fi Signals Using Consistency-
guided Multi-View Networks." Proceedings of the ACM on Interactive, Mobile, Wearable and Ubiquitous Technologies 7.4
(2024): 1-29.

[27] Myrden, Andrew, and Tom Chau. "Effects of user mental state on EEG-BCI performance." Frontiers in human neuroscience
9 (2015): 308.

[28] Newell, Karl M., Yeou-Teh Liu, and Gottfried Mayer-Kress. "Learning in the brain—computer interface: insights about
degrees of freedom and degeneracy from a landscape model of motor learning." Cognitive Processing 6 (2005): 37-47.

[29] Beksa, Jarek, et al. "Usability Study of Blind Foundation’s Alexa Library Skill." Journal on Technology and Persons with
Disabilities 15 (2020): 104-118.

[30] Pukari, Arimo, et al. "LeARn Flags: Assessment of the learning curve of inexperienced users with gesture interactions with
hands-free augmented reality." Proceedings of the 26th International Academic Mindtrek Conference. 2023.

[31] Li, Bingxin, et al. "Memory load differentially influences younger and older users’ learning curve of touchscreen gestures."
Scientific Reports 12.1 (2022): 10814.

[32] Anderson, Fraser, and Walter F. Bischof. "Learning and performance with gesture guides." Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems. 2013.

JETIR2404744 |Journa| of Emerging Technologies and Innovative Research (JETIR) www.jetir.org |h356


http://www.jetir.org/

