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Abstract-- According to the World Health Organization, over
38 million people are blind, and more than 110 million suffer
from severe visual impairments. This research aims to
develop a low-cost, accessible assistance system for blind
individuals in work environments, utilizing a single camera
(e.g., a smartphone camera) and pre-trained deep learning
models. By employing computationally efficient image
processing techniques, the system optimizes hardware and
processing expenses. It detects objects and the user’s hand,
computes the heights of objects and their distances to the
hand, and then provides real-time audio guidance (e.g.,
verbal directions) to enable safe object retrieval. Compared
to expensive alternatives like dual-camera setups or Kinect
sensors, the core innovation here lies in dramatically
reducing costs while retaining functional accuracy, as
millimeter-level precision is unnecessary for workplace
navigation. Moreover, the system performance will be
validated to achieve a distance estimation error of
approximately 5-10 mm; its accuracy is anticipated to match
that of comparable stereo vision approaches.

Keywords: Low-cost, Blind Individuals, Workstation
Assistance, Object Detection, Audio Guidance, Pre-trained
Models

1- Introduction

Visual impairment poses a global challenge, with the
World Health Organization (WHO) reporting
approximately 38 million individuals living with blindness
and over 110 million suffering severe visual disabilities
[1]. Assistive technologies for this demographic aim to
enhance independence, safety, and quality of life by
addressing functional limitations in daily environments.
Historically, designing such systems faced significant
hurdles due to computational constraints in machine
vision, particularly before the advent of deep learning.
Most existing solutions—such as ultrasonic sensor-
equipped canes [2], stereo-vision glasses [3], or smart
gloves [4]—prioritize navigation in open environments.
However, workplace settings (e.g., desk-based tasks)
remain critically underserved. Current approaches often

rely on expensive hardware like depth sensors (ToF) [4],
dual-camera rigs [5], or Kinect [6], incurring high
computational and financial costs. This gap necessitates a
cost-effective system optimized for object interaction in
confined spaces, where one millimeter precision is
nonessential.

To address this, we propose a novel smartphone-based
framework leveraging single-camera input, pre-trained
models (YOLOv8n [7] + MediaPipe [8]), and lightweight
image processing. Our innovation eliminates depth sensors
and stereo imaging, instead employing mathematical
methods to estimate object height/hand distance in real
time. Key advantages of our proposed framework include
drastic cost reduction through ubiquitous hardware
(mobile cameras), computational efficiency enabling real-
time guidance, and audio-based guidance ensuring safe
object retrieval. The system targets functional accuracy
(5-10 mm error), rivaling stereo vision without its
hardware overhead. By focusing on desktop workspaces,
this research pioneers the use of accessible technology to
promote occupational independence among visually
impaired individuals.

2- Materials and Methods

The system leverages a single smartphone camera (user-
provided) and Python-based processing to deliver low-cost
spatial guidance for visually impaired users in a desktop
environment. Moreover, camera calibration is performed
using OpenCV with a chesshoard pattern, deriving
intrinsic parameters (focal length, principal point) and
extrinsic parameters (camera-to-table pose) to estimate the
transformation matrix (7,). Coordinate conversion from
pixels to real-world space is achieved through Equation 1.

Kj=1[P P 1]
Kji=[Xx Y Z 1] (1)
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Kij = TC . KL‘;/

In which K;; represents a pixel coordinate with horizontal
(P,) and vertical (P,) components, while its real-space
counterpart K consists of X, Y, and Z spatial dimensions.
This calibration assumes objects rest on the table plane
(Z=0), simplifying spatial computations while
maintaining target accuracy of 5-10 mm. Object detection
utilizes YOLOv8n for its optimal speed-accuracy balance,
identifying bounding boxes of target items. For tall
objects, the estimated height is the value that, when
substituted into Equation 1, yields the pixel coordinate
closest to point z in Figure 1; by assuming similar x-y
coordinates for top/bottom midpoints in real space.

m” = (x,. ¥, 2) -

Y

Fig. 1 Two points of interest for estimating the height of
objects (The superscript P represents the real-world
coordinates for points m and u.)

MediaPipe is employed for hand detection and tracking,
utilizing the middle fingertip (Landmark 12 in Fig. 2(a)) as

User Command Input

0 e BT

Camra |

Image Capture Operation

Ready for New Cominand Audio Navigation Command

J/.J__\\\. '\','
|I P}’}) ,:I -
Nt )/,

the primary reference point and the proximal joint
(Landmark 11 in Fig. 2(a)) to determine hand orientation.
Spatial guidance uses a hand-centric coordinate system:
Axis F aligns with the middle finger (Landmarks 11—12),
while Axis G is perpendicular to F at the fingertip, dividing
the workspace into quadrants. Object positions are
translated into clock directions (e.g., "Move 15 cm toward
2 o’clock™) based on angular displacement from Axis F
and Euclidean 2-norm. Voice interaction via pyttsx3
supports two commands: "Report" (lists detected objects)
or a named-object retrieval (triggers guided navigation).
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Fig. 2 (a) Mediapipe-detectable landmarks on hand,
(b) Clock-based directional Guidance view

The workflow begins with one-time calibration, followed
by continuous operation (Fig.3): voice input — image
capture — YOLOv8n/MediaPipe inference — coordinate
transformation — geometric analysis — audio feedback.
Computational efficiency is achieved through model
optimizations and mathematical approximations, avoiding
depth sensors or stereo vision. Testing assumes static
objects and fixed camera height.
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Fig. 3 Overview of how the system works
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3- Results

The system demonstrated sub-centimeter spatial accuracy
in desktop-scale environments, achieving a mean distance
estimation error of 6.1 mm (range: 5-8.5 mm) across
geometric validation tests. While the magnitude of the
error increased with distance from the camera due to pixel
density limitations, performance remained comparable to
stereo vision systems (1.22% error reported in prior work
[9]). Height estimation for a standardized 150 mm object
yielded a mean error of 11 mm (range: 4-21 mm), with
optimal accuracy observed in mid-range positions.
Computational efficiency was validated on an Intel Core
i5-4300M processor, where hand landmark detection
(MediaPipe) averaged 0.4 s per image, object recognition
(YOLOvV8n) required 1.1 s, and audio guidance generation
added only 0.03 s latency per command cycle. The total
processing time confirms real-time viability for desktop
assistance scenarios, with vision tasks dominating the
computational load. These results collectively validate the
system’s core capability to deliver stereo vision-
comparable spatial precision using low-cost smartphone
hardware while maintaining practical responsiveness.

4- Conclusion

The proposed system achieved spatial accuracy
comparable to stereo vision—with mean distance and
height estimation errors of 6.1 mm and 11
mm, respectively—while fundamentally overcoming its
computational and hardware limitations. By leveraging
asingle smartphone camera, optimized deep learning
frameworks (YOLOv8n for object detection, MediaPipe
for hand tracking), and a constrained 2D desktop
workspace, the architecture reduces processing load and
eliminates the need for specialized dual-camera rigs. This
research pioneer assistive technology specifically
designed for workplace independence, transforming
ubiquitous smartphones into tools for visually impaired
users to interact with desktop objects via real-time audio
guidance. Future enhancements should explore object
segmentation for spatial refinement, language model
integration for natural voice interaction, server-based
processing acceleration, and haptic interfaces to enrich
multimodal feedback—collectively advancing toward
assistive systems that empower occupational autonomy
through accessible technology.
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