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Abstract: The study introduces a advanced assistive technology that enables precise distance calculation and real-time object
identification for individuals with vision impairments. With the help of the MobileNetV3 trained model, the system can recognize
up to 91 distinct items at once, providing a thorough awareness of the user's surroundings. In addition to identifying particular
items, the system evaluates the distances between various things in the field of vision and between the user and those objects. It
utilizes sophisticated computer vision algorithms to provide reliable object detection and depth estimates, therefore mitigating the
difficulties encountered by those with visual impairments. By using crafted aural interface to provide distance information, the
audio feedback function improves the user experience. Through the provision of accurate and timely spatial layout information,
our technology seeks to enhance the ability of visually impaired people to navigate and to become independently mobile. In order
to guarantee successful integration into the everyday life of the visually handicapped, the research also addresses the difficulties
in designing such systems, such as the requirement for real-time processing, environmental adaptation, and user-friendly aural
feedback.

Keywords: Visual impairment, Distance estimation, MobileNetV3, Spatial awareness, Multi Object detection and Human-
computer interaction.

I. INTRODUCTION
One of the main tasks in computer vision is detection of objects. Using object detectors that are trained on a sub-image and applied
exhaustively at all sizes and locations is a frequent approach to solve this issue. Using this paradigm, a discriminatively trained
deformable part model (DPM) was able to attain state of the art performance on detection tasks. Even in this day of rapid
technological progress, meeting the needs of those who are visually impaired whose disabilities make it difficult for them to
navigate and understand their environment on their own remains a formidable task [1]. By developing a cutting-edge assistive
device that makes use of deep learning and computer vision, our research aims to alleviate this problem. The main goal is to provide
visually impaired people with enhanced spatial awareness so they can identify, comprehend, and notice items in their surroundings
instantly [2]. The main goal of this project is to create a complete system that uses the trained MaobileNetVV3 model for precise
distance estimate and multi-object identification. The system attempts to identify 91 different items at once using advanced
computer vision techniques, giving users a comprehensive and rich view of their environment [3]. Our study focuses a distinct
emphasis on comprehending the spatial interactions among detected items and between the user, in addition to individual object
recognition. This all-encompassing method aims to improve the visually impaired navigating experience while encouraging their
independence and self-sufficiency.
This research is important because it goes beyond technology and explores the societal impact that it aims to have. People with
visual impairments frequently encounter difficulties in obtaining information that is essential to their daily existence, which can lead
to a feeling of dependence. In order to address these issues, this research proposes a method that uses an understandable auditory
feedback system to identify objects and provide important distance information [4]. Our technology aims to improve the quality of
life for visually impaired people by encouraging independent movement, which will promote equality and inclusion in their contacts
with the outside world [5]. The study introduces a cutting-edge assistive technology that enables precise distance calculation and
real-time object identification for individuals with vision impairments. This study adds a number of significant insights to the field
of assistive technology for people with vision impairments. Above all, our study presents a stable and effective system based on the
MobileNetV3 trained model, which enables the simultaneous identification of a large number of objects (91 total).
For visually challenged users, this feature greatly broadens their awareness of their world and gives them a more thorough
comprehension of their surroundings [6]. The system's capacity to precisely estimate distances in addition to identifying specific
objects makes a significant contribution. Our work assures that visually impaired people may determine the spatial connections not
just between themselves and the items they perceive, but also between several objects inside their range of view, by utilizing
sophisticated computer vision algorithms.
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This dual feature provides a comprehensive navigation and environmental comprehension solution, significantly improving the
system's usability and usefulness. Additionally, our study highlights the necessity of integrating an audible feedback mechanism
within the system. This input is essential to converting the visual data that the system collects into a format that users with visual
impairments can access and use. A more natural and engaging user experience is made possible by the auditory feedback, which not
only offers information about objects that have been spotted but also gives real-time distance. Additionally, our study highlights the
necessity of integrating an audible feedback mechanism within the system. This input is essential to converting the visual data that
the system collects into a format that users with visual impairments can access and use. A more natural and engaging user
experience is made possible by the auditory feedback, which not only offers information about objects that have been spotted but
also gives real-time distance cues.

The goal of this project is to develop a cutting-edge assistive technology system specifically tailored to meet the needs of people
who are visually impaired. This system is primarily concerned with implementing the trained MobileNetVV3 model for reliable
multi-object identification [7]. The system can recognize up to 91 different items at once, giving the user a thorough awareness of
their surroundings. Moreover, the content includes complex distance estimation algorithms that allow the system to identify items
individually as well as evaluate the spatial connections between objects and the user, as well as between several objects in the frame
[8]. By converting visual information into easily understood cues, the user-friendly aural feedback system adds even more value to
the material and gives visually impaired people improved navigation and spatial awareness.

Il. LITERATURE SURVEY
Considerable progress has been achieved in the area of assistive technology for people with visual impairments in the past, with
particular attention on several facets of object detection, distance estimates, and auditory feedback systems. Cazzato [9] proposed a
survey of computer vision methods for dimensional object detection from unmanned aerial vehicles for the visually aided people.
Diwan [10] and team built an object detection technique using the YOLO model. The majority of early work focused on basic object
detection using traditional computer vision methods. For example, several systems relied on color and form cues to identify objects
at a basic level; nevertheless, the accuracy and scalability of these techniques were frequently compromised. Zou [11] proposed
object detection using computer vision techniques that detect the limit number of objects with low accuracy of the model. Gehrig
[12] introduced recurrent vision transformers for object detection with event cameras. With the development of deep learning, the
area saw a sea change as researchers began using convolutional neural networks (CNNs) for more advanced object recognition. deep
learning models, such as YOLO (You Only Look Once) and faster R-CNN, were first used in groundbreaking efforts for real-time
object recognition. These advancements greatly increased precision, making it possible to recognize objects in a variety of situations
with more dependability.
Yang [13] and team proposed a real time object detector based MobileNetV3 for UAV applications. Zuhair [14] proposed a
comparison of tensor flow and tensor flow lite for object detection on RaspberryPi. Brownlee [15] and team used deep learning for
computer vision for image classification, object detection, and face recognition in python. Wang [16] built object detection by
combining both computer vision as well as deep learning techniques. Zhang [17] and team build object detection with efficient
integral aggregation. Using advancements in object identification as a foundation, scientists worked to improve distance estimate
techniques. Some of the first methods used stereo vision systems to measure distances by using depth information. Nevertheless, the
expense, complexity, and real-time processing of these systems were frequently problematic. More precise distance measurements
have been made possible by recent developments, such as the incorporation of depth-sensing technologies like LiDAR and
structured light. In parallel, attempts were made to improve aural feedback devices that provide information to those who are blind
or visually impaired.
Wang [18] built an omni-supervised object detection system with transformers. Su [19] and team proposed a unified transformer
framework for group segmentation as well as co-segmentation, co-saliency detection and video salient object detection. Nagarajan
[20] proposed a hybrid optimization enabling deep learning for indoor object detection and distance estimation to assist visually
impaired persons. Kim [21] built a camera radar 3d object detection with spatial contextual fusion transformer. Mao [22] and team
introduced 3D object detection for autonomous driving vehicles using computer vision and convolutional networks. Tasyurek [23]
proposed a new approach for spatial street sign detection using deep learning object detection, distance estimation, rotation and
projection system. Yang [24] built a symmetry driven unsupervised abnormal object detection for railway inspection. Prior research
investigated the application of voice synthesis and spatialized sound to convey distance cues and object information. Despite their
innovation, these systems frequently had trouble integrating exact spatial information with various object cues.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 3221



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue VI June 2025- Available at www.ijraset.com

In addition, scholars realized how important it is for design to be inclusive, which prompted them to look at user interfaces that are
especially made to accommodate those who are visually impaired. Research has investigated the use of wearable technology, haptic
feedback, and customized interfaces to enhance user engagement and usability in general. Even with these developments, there are
still difficulties in arriving at a thorough and timely answer. Current methods are not always able to address numerous objects in a
frame at the same time or provide reliable distance information in a variety of settings. Beyond that, user-centric assessments and
feedback systems are crucial elements that need more research to guarantee the effective incorporation of assistive technology into
the everyday lives of people who are visually impaired. In order to improve accessibility and usability, the current study includes a
system that not only combines powerful object identification and distance estimates, but also an aural feedback interface that is easy
to use.

I1l. DATACOLLECTION & PREPROCESSING

The procedure of gathering data for the purpose of training the MobileNetVV3 model entails compiling a large and varied dataset
[25]. This collection includes pictures of a variety of outdoor and interior environments, guaranteeing a broad range of things that
people with vision impairments can come across in their daily lives. All of the images are painstakingly labeled with instances of the
designated items and the bounding boxes that correspond to them. Common components including people, animals, cars, homes,
and electronics are examples of objects of interest. The items chosen for the dataset are essential to the operation of assistive
technology and encompass a wide variety of objects found in the surroundings of a visually impaired person. Based on its
significance and possible influence on the user's safety and navigation, each object is given a particular weight. For example,
because they are so important in metropolitan settings, things like "person,” "car," and "traffic light" could have greater weights.
This weighting scheme is crucial for maximizing the learning process of the model by giving more weight to things that are more
significant in the context of visual navigation.

MobileNet V3

Neural Networks

Fig.1 Data preprocessing for detection of objects

Given that people are of utmost significance in the environment of a visually impaired person, person-centric things receive extra
consideration in this dataset (as shown in Fig.1). This category contains items like "hats,” "backpacks,” and "umbrellas™ that are
inextricably linked to human presence and interaction. By adding these items, the model is able to offer more detailed information
about the surrounding area, which improves the user's safety and spatial awareness. The selection of objects for the collection is
based on both their individual value and their contextual relevance across a range of scenarios. To improve the system's flexibility to
various situations, items such as "bed,” "mirror,” and "dining table" are incorporated to solve scenarios that arise within interior
spaces. This variety of contextual factors guarantees that the model can identify and comprehend items in a wide range of real-world
situations. Iterative data gathering involves ongoing refinement depending on user input and model performance. The dataset is
modified while the model is tested and trained in order to increase the accuracy and dependability of the system. The iterative
process of data collection guarantees that the MobileNetV3 model is refined to identify and comprehend the designated objects with
exceptional accuracy, which is consistent with the main objective of developing an assistive technology system that blends in
seamlessly with the daily lives of people who are visually impaired.
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IV. WORKING METHODOLOGY

The suggested assistive technology system's operation is based on an intricate fusion of deep learning and computer vision methods
(as shown in Fig.2). The MobileNetVV3 model is fundamentally the basis for both distance estimates and object detection. Using an
input device, like a camera, the system first takes pictures of the user's surroundings in real time. The pre-trained MobileNetV3
model is then applied to these photos, allowing the system to concurrently recognize and classify several items from a preset list.
Each detected object's bounding box coordinates are included in the model's output, which enables the system to determine an
object's presence as well as its precise placement inside the frame. With the use of sophisticated computer vision algorithms, the
distance between the user and the identified items is calculated, making it easier to accurately estimate the physical space. In order
to properly communicate this information to those who are visually impaired, the system includes an aural feedback mechanism that
translates visual information into audible cues.

MobileNetv3 model

Preprojcessing

Audio

Object Detection

Fig.2 Working Architecture for object detection

Users may get real-time information on the kinds of items in their surroundings and the distances between them and themselves
through the auditory feedback. Because of the system's easy design, users may easily understand and act upon the information
provided by the audio feedback. The overall objective of improving spatial awareness and navigational abilities for those with visual
impairments is in line with this user-centric approach. The whole working technique is based on a continuous loop in which real-
time input is captured, processed, and provided by the system. The system's dependability and usefulness in a range of everyday
settings are ensured by this iterative process, which enables adaptation to changing surroundings and different scenarios. All things
considered, the assistive technology system operates on a well-coordinated framework that uses state-of-the-art technologies to
enable people who are visually impaired to comprehend and navigate their environment.

A. MobileNet V3 pretrained model

The convolutional neural network architecture known as MobileNetVV3 model is the best option for the suggested assistive
technology system as it has become well-known for being an effective tool for real-time image processing jobs. The MobileNetV3
pretrained model was chosen based on its unique design features, effectiveness, and performance attributes that meet the
application's needs. The third version of the MobileNet series, known as MobileNetV3, was released to address the difficulties
associated with implementing deep neural networks on mobile and edge devices that have constrained processing power. To balance
model size, speed, and accuracy, Google developed MobileNetV3, which makes use of architectural design techniques including
inverted residuals and linear bottlenecks (as shown in Fig.3). Because of this, it's especially appropriate for real-time applications
and situations where computing performance is crucial.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 3223



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 13 Issue VI June 2025- Available at www.ijraset.com

1

conv2d layer

bottleneck

conv2d laver

conv2d layers
without BN

Inverted Residual

Linear Bottleneck
| ] output

Fig.3 Mobile-Net VV3 Architecture

The focus MobileNetV3 places on model efficiency without sacrificing accuracy is one of its main differentiators. The architecture
is more computationally efficient since it uses a lightweight design that drastically lowers the number of parameters. For real-time
applications, this efficiency is key because it guarantees that the model can process pictures quickly. This is a critical need for the
proposed assistive technology since it provides users with visual impairments with timely information. Specifically designed to be
deployed on mobile and edge devices, MobileNetVV3 complies with the useful requirements of the suggested assistive technology.
Because of its optimized design, which works well on systems with limited resources, it is the best option for applications that need
to strike a compromise between computational efficiency and model complexity. Because of MobileNetV3's demonstrated
effectiveness and accuracy in real-time image recognition tasks, it was chosen above alternative models. While other models, such
Faster R-CNN or YOLO (You Only Look Once), perform well in object identification, MobileNetV3 is designed expressly for
situations when speed and resource efficiency are critical. This is in line with the goals of the assistive technology system, which has
to analyze visual input quickly and accurately in order to give people with visual impairments current information.

B. Distance Measurement

One essential element that enables the system to determine the distance between the camera and identified objects is the distance
measurement in the code that has been given. The focal length finder function and a subsequent distance estimate function are
employed in this procedure. The purpose of the focal length finder function is to determine the focal length, which is the separation
between the CMOS sensor and the camera lens. Three arguments are required for this function. The focal length is calculated using

the formula,
Real Width
Width in Reference Image X MeasuredDistance

Focal Length =

where it uses a reference item to determine the optical characteristics of the camera. The distance estimation formula is,
Face Width in Frame
Real Face Width X Focal Length

Distance =

is used to calculate an object's distance from the camera based on how big it appears in the picture. The device then shows the
determined distance on the screen, showing the distance in inches. The code also has the ability to generate lines denoting distance
levels and rectangles surrounding items that are recognized. The distance between the camera and objects it has identified is
displayed in real time thanks to the visual representation of this data on the screen. The algorithm also includes object tracking
capability, which computes the Euclidean distance between objects by tracking their centroids. The screen displays this dynamic
distance level, which provides more details on the spatial relationships between various items in the frame. Object tracking is used
by the code to track the motion of identified objects across a series of frames.
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The system records these items' locations dynamically by computing their centroids. In order to display this dynamic tracking,
circles are drawn at the centroids of the objects that have been recognized. Next, in order to provide real-time information on the
relative distances and motions of the monitored objects, the Euclidean distance between their centroids is computed. The Euclidean
distance between monitored objects is represented visually by the dynamic distance level.

V. RESULTS
This research produces the following outcomes: distance calculations, object identification in real time, and text-to-speech
conversion for an audio response. The algorithm uses the video feed to identify items in real-time using a pre-trained neural
network. Bounding boxes, class labels, and confidence ratings are appended to detected items to provide a visual depiction of the
objects in the frame. Using a focal length that has already been determined, the algorithm determines the distance between the
camera and objects that have been spotted. For every item that is spotted, distance information is calculated to provide spatial
awareness of the object's proximity to the camera. The pyttsx3 library is used in the code to convert text to speech. When a new item
is detected, the system creates a text string dynamically that conveys the object's kind and estimated distance. After that, the text
string is transformed into audible speech, giving rise to a prompt and distinct audio response. The purpose of the audio feedback is
to improve user interaction especially for those who are visually impaired. In order to help users navigate and comprehend their

surroundings, verbal information about the identified items and their distances is provided.
E ’ =

Fig.4 Object Detection and Distance Calculation

The code runs in an infinite loop, gathering frames, identifying items, and giving feedback in real time. As objects are identified or
as their distances alter within the video stream, users are continuously provided with aural cues. Object tracking is a feature of the
code that lets it track the motion of objects it detects across a series of frames. The display of dynamic distance levels on the screen
gives users access to real-time data on the spatial relationships between the tracked objects (as shown in Fig.4). Upon detecting or
tracking a new item, the system instantly produces and emits auditory replies. Based on the identified items and their distances,
users may make well-informed judgments thanks to the spoken answers, which provide vital environmental information. The use of
audio input guarantees successful interaction between the system and visually impaired persons. Real-time voice answers prioritize
accessibility and inclusion, a design approach that is shown by the code.

VI. CONCLUSION

To sum up, this initiative is a noteworthy development in assistive technology that is designed to improve the navigational skills and
spatial awareness of those who are visually impaired. The system gives users extensive information about their surroundings by
integrating a dynamic distance level display, a real-time object identification system, and distance calculation using a computed
focal length. An essential layer of accessibility is added by the text-to-speech technology, which allows the system to provide audio
feedback along with dynamic communication of objects that are recognized and their distances. The real-time voice answers, object
tracking, and constant monitoring all support a user-centric design that makes sure visually impaired people get timely and pertinent
information. The project's flexibility, demonstrated by the utilization of the pyttsx3 library and the MobileNetV3 model, shows a
dedication to tackling issues that the visually impaired confront in the actual world.
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All things considered, this project not only demonstrates the technological capabilities of deep learning and computer vision, but
also highlights how these fields have the potential to improve the lives of people who are visually impaired by giving them more
inclusive and accessible ways to perceive and interact with their surroundings.
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