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English title

Developing an assistant platform for visual disabilities’ learning: a 3D-AR
tactile pad integrated Image-to-3d-Al-model and a personalized text
generation system strengthen with Retrieval-Augmented Generation (RAG)

English abstract

Background and Study Aim:

The International Agency for the Prevention of Blindness (IAPB)
estimates, globally, at least 90 million children live with some form of
visual disabilities. The learning of those children with visual disabilities
depends on traditional braille books or braille display. However, braille
books fail to effectively convey complex 3D graphics. Braille display
merely present the long contents from textbooks. Those impede the
comprehension of visual disabilities’ learning and widening the learning
gap between the children with visual disabilities and their normal peers.
The study aimed to develop a novel leaning assistant system that enhances
tactile perception and textual image understanding for children with visual
disabilities.

Method and Results:

For to better tactile perception, this study utilized the image-to-3D artificial
intelligence (Al) model to transform images into interactive 3D data and
then presented on the developed 3D display, namely tactile pad, after an
Augmented Reality (AR) Unity system processing. Visual disabilities could
physically engage with the 3D shape and understand the spatial structures
concepts presented in images of textbooks. For text optimization, the use of
large language models (LLMs) with Retrieve Augmented Generation
(RAG) based reinforcement generation techniques was explored to assist
visual disabilities in understanding complex textual information. Two
visual disabilities were invited to experience during the device
development and shared their opinions in convenience, friendliness, and
effectiveness of the developed system.

Conclusion:

This study shows a new platform for visual disability as a personal learning
assistant on metrics such as spatial understanding and text recognition.
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New Height
matrix received from
MQTT protocol

Calibration data from
Camera

ave all the motor
finished moving?

v

Using passed time to
calibrate the previous
height matrix

Calculate the difference}
between new and -
previous matrix

!

Using Hadamard division
to calculate the time matrix

J,-,

{ Start all the motors }

Mo

Should we
stop any motor at the
moment?

ave all the motor
finished moving?

Stop the one single
[ End Process } [ motor
F145 1 MCU #2 5 i % 505 5638 (e de. (1% kiR @ % = e 5 1)

LiF TiEAEY 0 MCU § 22 = 11T el TargetMatrix, OldMatrix, TimeMatrix
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# 4 : GPT-40 ¥ Llama3-TAIDE-LX-8B-Chat-Alphal z_ +* %

MY B R EI%E 6 R Llama3-TAIDE-LX-8B-Chat-Alphal ¢ & # ARFa 4 & 24 30 &
~ ¥ e G oakas 4P 4 GPT-40 #233 » A L& % &R T > Llama3-TAIDE-LX-8B-Chat-
Alphal #-21 4 ¥ GPT-4o A L F 2 A A % > bldr R & v F R * Hag m A& DT o 200>
AF G BEAE @R 7 fine-tuning 59 5 % Llama3-TAIDE-LX-8B-Chat-Alphal i& 7 3 i

(2) f1* FHESHAL oA 2T 2
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B0 & 7 X ABK BARFRGF B BARIRH BA R E o F U SR HEA) i s b ehieEk o

Mo ARt o A7 M * Unslothai 2 ficsd 123 2 2 Low-Rank Adaptation (LoRA)
i {7 Fine tuning - % Fine-tuning # - # 3 & & * Google Colab 7 5 i& {7 iz} :

Intel Xeon CPU with 2 vCPUs (virtual CPUs) and 13GB of RAM Nvidia Tesla T4 with 2560 CUDA
Cores

Python version : 3.10.12
TR P g AR

GPU = Tesla T4. Max memory = 14.748 GB.
5.594 GB of memory reserved.

Loading...
trainer_stats = trainer.train()

== ((wwmw=))== {Unsloth - 2x faster free finetuning | Num GPUs = 1

A /| Num examples = 51,760 | Num Epochs = 1
0%0/ \_/ \ Batch size per device = 2 | Gradient Accumulation steps = 4
\ / Total batch size = B8 | Total steps = 60

"

- =" Number of trainable parameters = 41,943,040
[60/60 07:41, Epoch 0/1]

Step Training Loss

1 1.819400
2.292800
1.691000
1.946300
1.642700

o o0 A2 W N

1.601700

7 1.193500

B 53: % —‘ﬁ 41 * Unsloth ¥4 Llama3-TAIDE-LX-8B-Chat-Alphal & 7 fic3# chi 4% o
Bl Rhd % - e e &k
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Training
Loss
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0.4750

0.0000
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|
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o IR A AP AT ] gL K BLiE (758 1L IR R o
™ & % & Voyage Multilingual , Pinecone vector database ¥ GPT40 2.~ F 53 i 2 %% % 4
Bl s I RAT 2 A R R IR 2 LR
F % > GPTdo 72 {234 1§ system_prompt 32 f#4R 14 en& 4> 30 f1% & Jo st ips g o
S ;;Jcria IR EREFHAPM )];Jcri’ 37 (observation) - T Bl &~ 7 JF'f & * &7 prompt:

#system

You are a specialized assistant for reinforcing textbook content for blind students.
Your role is to convert visual information into clear, detailed, and easy-to-
understand descriptions, replacing visual elements with step-by-step
explanations.

Be aware that you should respond in accordance with the student’s personal
preference. Use tools to search for methods and strategies to enhance the text by
simplifying complex ideas and making them more accessible. Your goal is to
ensure the generated text is suitable for direct printing for blind students.

Use the tool to search for academic methods to improve the clarity and
accessibility of the following text, adding additional information as needed to
enhance understanding. Please respond in Traditional Chinese or Taiwanese,
focusing on clear descriptions and explanations

You should add more details directly in the context or below.

If some words or phenomenon is considered difficult for blind student to
understand , you should specifically detail and explain them.

#query

M 58: 474 K it coprompt: (F 5 %k % - iFF )
Ouery 1

Chat with knowledge and taols:

Thought: Te provide a detailed step-by-step esplanation and use detailed text to describe the phencmencn, I need to
search for methods and strategies far teaching and ezsisting blind students in learning. This will help me understa
nd how to modify the text effectively.

Action: arxiv_search

Action Input: “methods and strategies for teaching amd assisting blind studemts in learning step-by-step explanatic
ns and detailed descriptions™

Dhservation: non-verbsl messages and responses, introducing Llessons, transitions, closures to all
activities, announcing assigmments end naming speskers. Provide advance notice to

the student and the teacher assistant of materials required for the next class so that

everyone is prepared.

Real-life examples and concrete materiel can Bssist in esteblishing relatiemships

between abstract learning and the student’s experience. Consider the use of “hands-—

on” material where possible, to provide opportunities for kinesthetic and tactile

learning.

Individual explanation: You may find the student with blindness needs additional

explanation. When the class begins a task it may be useful to check with the student

to ensure comprehension.

non=-verbal messages and responsas, introducing lessons, transitions, clesuraes to all
activities, amnouncing assigements end naming speskers. Provide advence notice to
the student and the teacher assistant of materials required for the next class so that
averyons is prepored.

Real-life examples and concrete materiel can essist in esteblishing relationships
between abstract learning amd the student’s experience. Consider the use of “hands-—
on™ material where possible, to provide oppertunities for kinesthetic and tactile
learning.

Individual explanation: You may find the student with blindness needs additional
explanation. When the class begins a task it may be useful te check with the student
te ansure comprehension.
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