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Abstract

In this study, a novel virtual reality (VR) experience environment is proposed for enabling walking adaptation of visually impaired
people. The core of proposed VR environment is based on immersive walking interactions and deep learning based braille blocks
recognition. To provide a realistic walking experience from the perspective of visually impaired people, a tracker-based walking
process is designed for determining the walking state by detecting marching in place, and a controller-based VR white cane is
developed that serves as the walking assistance tool for visually impaired people. Additionally, a learning model is developed for
conducting comprehensive decision-making by recognizing and responding to braille blocks situated on roads that are followed
during the course of directions provided by the VR white cane. Based on the same, a VR application comprising an outdoor urban
environment is designed for analyzing the VR walking environment experience. An experimental survey and performance analysis
were also conducted for the participants. Obtained results corroborate that the proposed VR walking environment provides a
presence of high-level walking experience from the perspective of visually impaired people. Furthermore, the results verify that
the proposed learning algorithm and process can recognize braille blocks situated on sidewalks and roadways with high accuracy.
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Figure 1: Virtual walking experience environment for the visually
impaired people.
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Figure 2: Tracker structure for determination of walking in place.
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Figure 3: Unity 3D engine development environment for tracker-
based walking process.
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Algorithm 1 Controller based VR white cane.
1: procedure VR WHITE CANE FEEDBACK PROCESS

2: state <— recognition of braille block using VR white cane.

3: if state == braille block then

4: controllerObj < controller object such as HTC Vive or
Oculus touch controller.

5: inut settings of controllerObj.

6: transfer vibration through haptic input function of con-
trollerObj.

7: collision sound output.

8: else if state == roadway then

: car or warning sound output.
10: end if

11: end procedure
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learning data in Unity 3D development environment: (a) virtual
camera setup of VR white cane, (b) results of capture image (c)
output accuracy and prediction result.
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walking adaptation of visually impaired people.
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Figure 9: Results of accuracy of braille block recognition.
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