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 With the continuous advancement of technology and the development of sensor technology 
and data science, autism diagnosis technology has developed rapidly, and children with autism 
can be diagnosed earlier. However, there is no effective treatment so far. Comprehensive 
rehabilitation can only be implemented through early intervention methods. To improve the 
effect of early intervention on the cognitive learning of autistic children and overcome the 
limited focus, lack of interest to small children, and other problems in traditional cognitive 
learning, we designed an interactive cognitive training tool for cognitive learning of the 
characteristics of color for autistic children. The training tool uses LED display technology, 
voice recognition technology, and IR positioning technology to realize the interactive design of 
color recognition training for autistic children.

1. Introduction

  Autism spectrum disorder (ASD) is a lifelong neurodevelopmental disorder characterized 
by persistent difficulties in social communication, social interaction, and the presence of 
stereotyped or repetitive behaviors.(1) Although the exact causes of ASD are not known and 
there is no cure, research has shown that intensive, early intervention programs can improve 
cognitive and language abilities and adaptive behavior in children with ASD.(2) Early screening 
to identify ASD and provide interventions that are known to produce positive results is essential 
for autism rehabilitation.(3)

 In recent years, with the continuous development of computer science and sensor technology, 
sensor technology has shown great potential for improving the behavioral assessment and 
intervention for children with ASD.(4) By collecting specific data, these sensors can obtain 
specific behavior information of such children. In this way, the processed data from these 
sensors can then be used to screen children for disorders and plan interventions.(5) Autism 
screening and intervention technologies based on computers, mobile devices, virtual reality 
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systems, and social robots have been widely researched and applied, and have achieved good 
therapeutic effects. At the same time, there are also problems such as high treatment costs and 
the need for professional therapist assistance.(6) In addition, owing to the young age of autistic 
children, there are also problems such as the inability to use computers and virtual reality 
systems alone, and traditional card teaching is still used. Card teaching can be very effective 
for high-functioning autistic children, but for low-functioning autistic children with learning 
difficulties or even mental retardation, the effect is not ideal and its efficiency is extremely low. 
However, the fusion of sensor technology and machine learning technology has the possibility 
of solving these problems. We have designed a convenient interactive cognitive training tool 
based on sensor data collection and machine learning for children with ASD.
 The cognitive training tool uses LEDs to display color, graphics, and other cognitive training 
information, collects and recognizes the words and gestures of trained children through sensor 
data collection technology, and aims at early childhood color cognitive education, combined 
with color education for children with autistic cognitive characteristics, using information 
such as voice response time, gesture operation response time, and accuracy rate as feature 
information. The tool realizes the recognition and judgment of color in cognitive training 
through machine learning algorithms, and displays it through the wireless terminal. The 
specific functions are as follows:
A. A multicolor display of color through an LED screen, including a static display, a dynamic 

display, changes in lightness and darkness, and a contrast display;
B. While displaying a color, prompt sounds are emitted through the loudspeaker. Then the 

voice recognition module recognizes the uttered reply, and the IR sensor module recognizes 
gesture operation, through which interactive autonomous operation learning is realized;

C. The training tool has different training modes, which can be switched through wireless 
terminals without interference according to the training situation of children.

2. Related References and System Design Principles

2.1 Related references

 In the past few decades, the prevalence of ASD has risen sharply. The education and 
rehabilitation of autistic children has attracted much attention. The development of technology 
has provided tremendous help for the early screening and intervention treatment of autistic 
children. Studies have shown that early comprehensive and targeted behavioral interventions 
can improve social communication and reduce anxiety and aggressiveness.(7) Cognition of 
color is a part of early cognitive learning in children, but it is of great significance for future 
communication learning. However, many autistic children are different from ordinary children 
in color perception, and have differences in color preference and color discrimination ability. 
Children with autism often have the characteristics of a preference for cool colors, poor color 
discrimination ability, and color discrimination related to color preferences.(8,9) The development 
of technology in recent years, especially sensor technology, computer-aided technology, and 
robot technology, has helped provide access to educational opportunities and life experiences, 
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and has facilitated engagement with knowledge and other people.(10) Assistive technologies 
combine speech, pictures, words, and animation in interactive ways to structure concepts that 
suit the level of understanding of learners and their interests.(11) Computer-based teaching and 
game-based learning can make a major practical contribution to the teaching of basic life skills 
for people with autism.(12) We can explore the use of sensory interaction technology to enhance 
the interest of children with autism in color cognitive learning. For example, adding sensory 
interactions such as sounds and light flashes can attract the attention of autistic children and 
increase their participation time in related learning activities.(13) Similarly, we can collect 
various feature information of participating children through sensors, and use machine learning 
algorithms to identify and make judgments on children’s behavior characteristics.(14) LED-based 
display technology has been widely used. LED-based display screens can achieve multiple 
levels of brightness and full true-color displays to enhance color effects. Non-specific voice 
recognition technology can be implemented and operated by interactive commands, realizing 
vocal interactive communication under specific instructions to meet children’s rehabilitation 
learning needs.(15) At the same time, in order to enhance the fun of the interaction, the auditory, 
visual, and tactile senses are integrated into the learning and training. Based on interactive 
IR electronic whiteboard technology,(16) we have realized the positioning of children’s gesture 
operations through IR positioning technology. We designed a cognitive training tool based on 
this technology for children with autism, as described in this article.

2.2 Structure design concept

 Our aim was to design a convenient and low-cost acousto-optic interactive cognitive 
training tool for autistic children, which is suitable for rehabilitation training in special 
education schools. Through this training tool, teachers or parents can assist children to carry 
out color cognitive rehabilitation training. The training tool has multiple training modes and 
can carry out rehabilitation training for children of different levels and ages. As shown in 
Fig. 1, after selecting the training mode, the device displays color information through the 
LED display, vocalizes the name of the color while playing music, repeats the prompt, and 
then asks questions. The voice recognition module is used to recognize children’s voices, and 
the control system obtains voice information and makes judgments, then vocalizes excitation 
sounds through speakers, and strengthens the display through LEDs. To enhance the training 

Fig. 1. (Color online) System design concept.
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effect, we added color-matching classification and other modes. Through IR sensor positioning 
technology, participants can complete interactive operations by touching the LED screen. 
According to the children’s learning situation, the training content can be changed through the 
mobile terminal to attract their interest.

3. System Hardware and Software Techniques 

 According to the technical literature and design ideas of Sect. 2, we designed the system 
block diagram shown in Fig. 2. The system realizes interactive color recognition training 
through the main control system, display module, voice recognition module, IR sensor module, 
speaker, wireless communication module, and mobile terminal.

3.1 Display module 

 The cognitive training tool for children with autism in this paper is designed to provide 
assistance in early color cognitive rehabilitation training and enhance the effect of intervention. 
Children with autism often have problems with color preference and color difference resolution; 
thus, the use of relatively strong visual stimuli such as colored lights can better attract the 
attention of participants. Therefore, we choose a 16 × 16 LED dot matrix screen for the color 
display and select a WS2812 dot matrix light source, as shown in Fig. 3. This is an intelligent 
externally controlled LED light source that integrates a control circuit and a light-emitting 
circuit. Its appearance is the same as a 5050LED lamp bead, and each element is a pixel. 
The three primary colors of each pixel can a realize full true-color display with 256 levels of 
brightness. A circuit diagram for a single WS2812 circuit is shown in Fig. 4(a). When multiple 
LEDs are connected, as shown in Fig. 4(b), the DOUT pin of the previous LED is connected 
to the DIN pin of the next LED. Through the dot matrix screen, we can display the color of the 
entire screen, and also control the blinking rate and dynamic display of individual or regional 
lamp beads, and attract the attention of participants with music to increase the fun of training 
and learning.

Fig. 2. Block diagram of the training tool. Fig. 3. WS2812 dot matrix screen.
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3.2 Voice interactive recognition

 Voice interactive recognition is input and voices are recognized through a non-specific 
voice recognition module. Using the internal input Pinyin library, the collected sound signal is 
converted into Pinyin, which is compared with the input Pinyin. We use an LD3320 chip for 
the speech recognition module, which is a non-specific voice recognition chip designed and 
produced by ICRoute. It can recognize up to 50 entries, and each entry can recognize words 
and phrases with a length not exceeding 10 characters or a 79-byte Pinyin string to meet the 
needs of this design. As shown in Fig. 5, the voice recognition module recognizes the voice 
data and sends it to the microcontrol system for processing. The microcontrol system sends 
the identification information to the mobile terminal via Bluetooth and controls the speaker to 
respond accordingly.

3.3 IR recognition and positioning

 An IR sensor emits invisible IR light through an IR emission tube. The IR light is reflected 
by an obstacle and then received by a receiving tube to detect the obstacle. IR technology has 
been widely used in interactive electronic whiteboards. Through IR sensor arrays, touch control 
of electronic whiteboards can be achieved. In order to achieve simple interactive cognitive 
training and reduce design costs, we partition the display screen, as shown in Fig. 6. We 
divide the display screen into four positioning points, and each positioning point corresponds 
to an area. When a certain point is located, all the LEDs in the corresponding area respond 
interactively. For the positioning of each area, we still use IR sensors, but the IR sensors are 
different from a traditional IR radiation sensor array. We use the IR sensor module shown in 
Fig. 7 with an integrated transceiver to achieve positioning. As shown in Fig. 6, the IR sensor 

Fig. 4. (Color online) Circuit connection diagram.

(a) (b)

Fig. 5. Block diagram of voice recognition interaction process.
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module determines whether the participant clicks on the corresponding area by detecting the IR 
light reflection in the area, thereby achieving positioning.

4. Results and Discussion

 The interactive training tool for autistic children designed in this paper produces the output 
used for color intervention training with the LED display and voice prompts, and recognizes 
children’s behavior through IR positioning and voice recognition, thus achieving color 
rehabilitation training. Compared with the auxiliary tools mentioned in Refs. 10 and 17, we 
pay more attention to the color training itself, and use the sensor-based interactive technology 
for color rehabilitation training, to realize intelligent training, and to help teachers and parents 
carry out rehabilitation training.

4.1 Display test

 Our cognitive training tool for autistic children is based on acousto-optic interaction. It 
controls the LED display screen to display different colors or graphics with different intensities 
through the control system for color cognitive training. Figure 8(a) shows the color full-screen 
training display; according to the learning situation of the trained children, the LED screen 
makes different changes in brightness. Figure 8(b) is a multicolor irregular display, which can 
further improve the color recognition ability of autistic children.

4.2 Voice interactive recognition

 The system enters the corresponding training instructions according to the training mode, 
and after booting, it will emit a system prompt tone to guide the participants to carry out color 
cognitive learning. Participants’ responses to questions will affect subsequent learning. The 
system will make a decision to repeat the learning or enter the next stage of learning based 

Fig. 6. (Color online) Schematic diagram of IR 
sensor positioning.

Fig. 7. (Color online) IR sensor module.
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on the voice recognition information. At the same time, the system will also transmit the 
voice recognition results to the mobile terminal to record information statistics. Because the 
participating children are young, speech recognition may be affected by pronunciation, etc. This 
issue needs to be verified by further experiments.

4.3 Positioning results

 After testing and verification, the IR sensor module can realize children’s gesture 
positioning, and the positioning result is not affected by the displayed light. However, the 
detection distance and angle of the IR sensor will affect the positioning result, and reducing the 
detection distance can improve the accuracy of positioning.

5. Conclusions

 With the development of screening technology, children are being diagnosed with autism at 
an increasingly young age, and we can carry out intervention treatment earlier. We designed a 
cognitive training tool for children with autism based on acousto-optic interaction technology 
to meet the needs of early color cognitive learning for children with autism. The training 
and learning tool combines the features of autistic children’s sensitivity to sound and vision. 
Through the control of visual and sound stimuli, the basic cognitive interactive training of 
autistic children is achieved, which overcomes the monotony of traditional color cognitive 
learning. The cognitive training tool is simple to operate and inexpensive. In follow-up work, 
we will use this cognitive training tool to carry out experimental verification to further improve 
its effectiveness for autistic children and provide a reference for practical rehabilitation research 
on autistic children.

Fig. 8. (Color online) Color display.

(a) (b)
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