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Abstract. With the rapid development of technology, life and travel have become
more convenient. However, current navigation systems have limited functions,
and visually impaired people still face difficulties in traveling. To address this
issue and provide a convenient living environment for the visually impaired, this
study proposes a navigation system for the visually impaired based on binocular
cameras, aiming to enhance their independent travel ability and safety in complex
environments such as indoor shopping malls and streets. This system integrates
binocular camera visual input, text recognition technology, and path planning
algorithms, enabling it to perceive the surrounding environment and provide
precise direction guidance. By processing visual information, the system can
recognize text information in the environment and associate it with the navigation
system, providing clear feedback to help the visually impaired walk safely in
complex environments. With the continuous advancement of artificial
intelligence and smart hardware technology, this system is expected to be applied
in more fields such as tourism and transportation, making greater contributions
to improving the quality of life for the visually impaired.
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1 Introduction

According to information provided by the World Health Organization in its article, at
least 2.2 billion people worldwide have impaired near or far vision [1]. Population
growth and ageing are expected to put more people at risk of visual impairment. At the
same time, visual impairment will have a great impact on the development of young
children and the psychology of adults.

For blind or visually impaired people, they can only rely on other sense such as
hearing and touching to recognize direction and avoid obstacles. However, these
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senses provide limited information and can be easily disturbed, hearing can be
distorted by noise while touching is extremely insufficient in the sense of navigation.
Lack of reliable directional information makes independent navigation a challenging
task for visually impaired people.

Popular navigation strategies heavily rely on the usage of GPS, which are designed
to assist users who can see roads and make decisions based on visible navigation aids
such as maps. However, these strategies have limitations towards visually impaired
people, current function of GPS systems are susceptible under more complex
environment for its unstable signal, for example, high buildings can cause signal
reflection and obstruction [2].

Therefore, an alternative assistance navigation method is urgently needed for
visually impaired people. Past researches on this field have been focusing on mainly
two types of sensors: sonar and camera [3]. A commercial sonar-based electronic
travel aid is developed in past research; it is able to form landscape and provide
auditory feedback to its user for navigation [4]. A bigger portion of research in this
field lies in the usage of camera, a project from 2007 used strategy of matching the
3D projectile captured by camera with image to locate the user [5].

Now that much more portable devices are used, these functions can be
implemented more easily. In our design, visual landmarks is a crucial factor, objects
become landmarks based on their distinctiveness, stability, providing clear indicator
of nearby target location, road sign can be a perfect example of landmark. Such
landmarks can be used as associative cues, trigger relevant contextual information
that aids in route planning and decision making [6]. Furthermore, this phenomenon
can be applied to both outdoor and indoor environments as sign for directions.

This research focuses on a new vision-based navigation method that can be
implemented into a navigation system in order to help visually impaired people, by
capturing landmarks like road sign, this method will be able to guide the user through
a real-time interaction, providing a more accurate navigation in both outdoor and
indoor environment. Operating this method, the system will first generate the shortest
path towards the destination, landmarks on the path are stored in the system. Users are
notified once reach a landmark, guide into different directions through voice message.

2 Methodology

2.1 Image processing methods

Figure 1 is a schematic diagram of image preprocessing
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Fig. 1. Schematic diagram of image preprocessing (Picture credit : Original )

This part introduces the method of road sign recognition. In this paper, the features
of road signs are segmented from the aspects of color and shape, and the Histogram of
Oriented Gradients (Hog) feature extraction algorithm is used to extract the features
of road signs. Among them, HOG is a local feature extraction algorithm based on
edge feature of image shape [7].

In terms of the color segmentation,, the red, yellow and blue traffic signs were
segmented by HVS (Hue, Saturation, Value) color model algorithm, and the images
were morphologically processed and filtered [7]. The image denoising morphology is
simplified, the image is enhanced, and the filtered non-target areas are removed.

The current street signs contain circles, triangles, and squares. There are fixed
shape data standards for different forms. It is possible to calculate the roundness of C,
the rectangle R, and the elongation E according to the parameter standard [4]. As
shown in Figure 2, H is the height of the road sign, W is the width of the road sign, S
is the area of the road sign, L is the perimeter of the road sign, and the roundness:
C=4 n S/L2, Rectangle: R=S/W*H, Elongation: E=min (W,H) /max (W,H) [7].
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Fig. 2. Schematic diagram of road sign parameter feature display (Picture credit : Original )

This part introduces the ranging principle of binocular camera. The binocular
camera uses the image data collected by the two cameras to calculate the distance
between the image and the camera through the principle of parallax, Figure 3 shows
the ranging principle of the binocular camera, p is the arbitrary point, b is the camera
baseline, PR is the right camera imaging point, PL is the left camera imaging point,
XL and XR are the distances from the left and right imaging points to the left plane
respectively [8].
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Fig. 3. Binocular camera captures schematics (Picture credit : Original )

The distance between the two imaging spots, P and Pr:

PLPr=b-(X1—L/2)—(L/2—XRr)=b-(X1—XRr) (1)
According to the principle of similar triangles:
b -(XL—XRr)/Z—f=b/Z 2)

The distance from the point p to the center surface of the projection can then be
obtained[2]:
Z=b*{/X1~Xr 3)

2.2 Interaction between the outcome of the image processing and navigation
system

2.2.1 Logic Design.

Our vision-based navigation method consists of two major parts, image processing
and navigation.
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Fig. 4. Flow Diagram (Picture credit : Original )
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Figure 4 processing process captures characters on road signs and landmarks. The
navigation system operates in two steps, first, a map is formed, second, the system
organizes a shortest path and navigates in accordance to the image processed.

2.2.2 Program Design.

The design of this method enhances the usage of OSMnx, a python package that
allocates OpenStreetMap data [9].

First, to build map, using graph from point command in OSMnx, a map is formed
consisting of nodes and edges specifically for walking routes that expand to the
surrounding one kilometer of the current location, collect road names and landmarks
from the OpenStreetMap database, store them into the map.

Second, the find route function find the shortest path from the starting point to the
destination using Dijkstra’s algorithm [10].

Third, a function to find direction at each crossroad is built, by capturing road signs
at each crossroad, the navigation system match the next road with edges in the map,
prompt direction information accordingly. Three general directions are defined, L as
left, R as right, F as forward.

This function is achieved by calculating the bearing angle of two edges with three
consecutive nodes using dot product.

For points A, B, and C with coordinates ((AX, Ay)), ((BX, By)), and ((CX, Cy)), the
magnitude of vectors:

|4B| = \/{(Bx - 40%+ (B,— 4,)'} )
|BC| = \/{(Cx— B+ (Cy - By)’) (5)
Bearing angle Calculation Using Dot Product:
0= AB-BC 6
= arccos (|AB|'|BC|> (6)

If 45 < 6 < 135, direction is pointed towards left, if 225 < 6 < 315, direction is
pointed towards right, else, direction is pointed forward.

3 Results

31 Result Presentation

Figure 5 shows the expected outcome on a visualized map:

In the visualization, the outcome of Build Map is presented by white edges and
nodes, representing roads and crossroads. The red edges and nodes show the result of
the Find Route, the shortest path is presented on the map.

The direction navigation is presented according to each crossroad. In the
visualization, the three directions: left, right, and forward is labeled as L, R, and F. In
application, the direction at each crossroad is prompt by voice message.
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Fig. 5. shortest path with direction guidance on each crossroad (Picture credit : Original )

3.2 Implementation in indoor environments

Our navigation method has several advantages compared to traditional GPS
navigation systems in indoor environment. First, it does not require the usage of any
wireless input, making it exceptionally stable. Second, the recognition of location of
user is based on visible objects, it is more accurate than GPS positioning.

To apply this method in indoor environments, several challenges are met and
solved:

Indoor environment lacks clear signs like road signs compared to outdoor
environment. Our solution to this problem is to expand sources of landmarks to plates
of specific stores. At each crossroad, represented by nodes, store name or store ID is
matched with the nodes, making it possible to locate the user and guide direction.

Another major challenge of navigation system design is the recognition of different
floors in buildings. Our system can solve this issue by using a new map building
strategy.

Instead of one map, different maps for each floor are built and stored separately in
different layers following the order of floors. The system jumps to the next layer of
map entering a specific node where the staircase or escalator is located.

4 Conclusion

This research is dedicated to exploring the application of binocular camera-based
navigation methods for visually impaired individuals when they travel in indoor
shopping malls and on streets, and proposes an innovative solution that combines
visual input with feedback. The research mainly focuses on text recognition based on
binocular camera visual input and a navigation system. Through the results of text
recognition output and path planning algorithms, it guides visually impaired people in
the right direction when they pass through intersections or move in indoor shopping
malls, enhancing their autonomy and travel convenience, and improving their
mobility in complex environments such as intersections and shopping malls. Future
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research can further optimize the system, improve the adaptability of the algorithm to
different road conditions and indoor scenarios, and build a more universal model,
especially in indoor navigation and precise navigation in dynamic environments. In
addition, with the continuous progress of intelligent hardware and artificial
intelligence technology, vision-based navigation methods are expected to be
promoted in more fields such as tourism and transportation, making greater
contributions to improving the quality of life of visually impaired people.

In conclusion, the binocular camera-based navigation system for visually impaired
people not only provides a convenient and safe travel method for the visually
impaired but also opens up a new direction for the application of intelligent
technology in disadvantaged groups in society. It is expected to become an important
force promoting inclusive social development in the future.
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source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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