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Chapter 1
Edge - AI



1.1 AIoT
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Definition of AIoT

• AIoT aims to improve the efficiency and 

intelligence of IoT devices and systems 

through smart analysis and automated 

decision-making.
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1.1 AIoT



• Data Collection and Analysis: IoT devices 

send large data via sensors, and AI analyzes it 

to extract valuable insights and patterns.
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1.1 AIoT

Key Features of AIoT



• Smart Decision-Making: AI can automatically 

make decisions based on data analysis and 

implement them through IoT devices.
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1.1 AIoT

Key Features of AIoT



• Prediction and Prevention: Using machine 

learning models, AIoT systems can predict 

future events, aiding in preventive 

maintenance and resource optimization.
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1.1 AIoT

Key Features of AIoT



• Self-learning and Optimization: AIoT systems 

learn from past data to improve performance 

and decision-making, adapting to changes for 

more efficient services.
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1.1 AIoT

Key Features of AIoT



• Device Layer: Sensors and actuators are 

physical devices that collect data from the 

environment and perform actions.

• Connectivity Layer：This layer includes 

communication between processing devices 

and other layers. Ex: WiFi, Bluetooth.
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1.1 AIoT

Layers of AIoT



• Edge Computing Layer: Computing devices 

close to sensors and actuators perform real-time 

data processing and analysis.

• Data Management Layer：Systems and 

databases that store large amounts of data from 

IoT devices, including local and cloud storage.
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1.1 AIoT

Layers of AIoT



• AI Analytics Layer: AI algorithms and models 

are used to analyze processed data for 

predictions and automated decision-making.

• Application Layer：Allow users to interact 

with the AIoT systems, monitor its status, and 

control devices.
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1.1 AIoT

Layers of AIoT
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1.2 Edge Computing



1.2 Edge Computing

• Definition: shift the data processing and 

analysis from centralized cloud architectures 

to edge devices that are closer to the data 

generation source.

14

Edge Computing



1.2 Edge Computing

• Purpose: By performing real-time processing 

and analysis on edge devices, edge computing 

aims to reduce latency, decrease bandwidth 

requirements, and enhance system reliability 

as well as data security.
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Edge Computing



Edge Computing

1.2 Edge Computing

Internet

Networking Server Database Software Analyze tool

Cloud

Key 

Result

Data

Processing on edge
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1.2 Edge Computing

• Reduce Latency / Improve Speed

• Enhanced Data Security

• Increased Productivity

• Ease of Integration

• Cost Reduction
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Why edge computing matters?



1.2 Edge Computing

• Retail industry

• Autonomous driving

• Healthcare

• Education
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Edge Computing use cases
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2.1 AMB82-MINI

Introduction
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2.1 AMB82-MINI Introduction
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https://www.amebaiot.com/zh/amebapro2/

https://www.amebaiot.com/zh/amebapro2/


• WiFi/BLE

• GPIO/PWM

• E-Paper

• Audio/Video

• AI Neural Network

2.1 AMB82-MINI Introduction
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What can AMB82 MINI do?



2.2 LoopPostProcessing
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2.2 LoopPostProcessing
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• Definition: Dynamically read a video to detect 

changing positions.

2.2 LoopPostProcessing
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What is Motion Detection?



Here are some answers given by ChatGPT

2.2 LoopPostProcessing
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How do Motion Detection works?

1. Color Detection

2. Depth Camera

3. Machine learning

4. Optical flow



• Calculate the RGB differences between two 

adjacent frames and use a threshold to 

determine if there is any motion change.

2.2 LoopPostProcessing
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How do AMB actually works?
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2.2 LoopPostProcessing
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RGB channel



Observe the RGB value changes of all pixels in each frame.

Assuming RGB value of two different frames as 

(R1, G1, B1) and (R2, G2, B2).

2.2 LoopPostProcessing
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How to define a difference?



2.2 LoopPostProcessing
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2.2 LoopPostProcessing
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2.2 LoopPostProcessing
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2.2 LoopPostProcessing
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Implementation

2.2 LoopPostProcessing
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2.2 LoopPostProcessing
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Step 1.

Follow the path below in Arduino IDE 

to open the example.

1. File

2. Examples

3. AmebaMultimedia

4. MotionDetection

5. LoopPostProcessing



2.2 LoopPostProcessing
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Enter WiFi name 

and password

Step 2.

Enter the WiFi name and password 

to the corresponding place in the code.



Open the Serial Monitor

2.2 LoopPostProcessing
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Check the WiFi connection repeatedly

2.2 LoopPostProcessing
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Check the WiFi connection repeatedly

2.2 LoopPostProcessing
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RTSP-Real Time Streaming Protocol

2.2 LoopPostProcessing
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• A network application protocol specifically 

designed for entertainment and communication 

systems to control streaming media servers.

2.2 LoopPostProcessing
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RTSP-Real Time Streaming Protocol



2.2 LoopPostProcessing

42

Step 1.

Make sure that Computer and the 

AMB82 connect to the same WiFi

network.



2.2 LoopPostProcessing
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Step 2.

Set the Baud of the serial monitor to

115200. As same as in the code.



XXX.XXX.XXX.XXX

2.2 LoopPostProcessing
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Step 3.

Press the reset button on the AMB82

and find the IP address in serial 

monitor. Then copy it. 



2.2 LoopPostProcessing
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Step 4.

Follow the path below in VLC media 

player to start streaming.

1. Media

2. Open Network Stream



2.2 LoopPostProcessing
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Step 5.

Past the copied IP address to VLC.

It must follow the format below.

(rtsp://XXX.XXX.XXX.XXX:554)



LoopPostProcessing

Mask 

2.2 LoopPostProcessing
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• Purpose: Post-processing of detected results

• Use Mask to remove unnecessary parts.

2.2 LoopPostProcessing
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What does PostProcessing do?



• Smart Home：
⚬ Turn on the lights automatically

• Outdoor environment monitoring ：
⚬ Motion detection take place in parking lots、

factories etc.

• Office：
⚬ Marking abnormal behavior

2.2 LoopPostProcessing
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Application of Motion Detection?



• Perform motion detection on specific areas and ignore 

other areas. For example, only care about the dynamic 

changes of doorways or windows, but not the changes 

in the background. 

• A private desk in the office or a private area at home. 

Set a mask to exclude these areas from the motion 

detection range.

2.2 LoopPostProcessing
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Application of the Massk



2.2 LoopPostProcessing
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Programming

Add the code marked at below to the Arduino code.

In order to use the default mask for application.

Results will look like



2.2 LoopPostProcessing
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Programming

Keep pressing the Ctrl button, and then click the MotionDetection.

Then you will see the default mask format. Shown as below.

Results will look like



2.2 LoopPostProcessing
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The default mask can be seen in .h file.

This file is unmodifiable.



2.2 LoopPostProcessing
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Copy the default mask from the .h file, 

then past it onto the .ino file. 



2.2 LoopPostProcessing
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Change the name of mask to set the 

customized mask. 



2.3 Audio

Classification
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• Smart home：

⚬ Recognize voice commands such as "turn on 

the lights" and "turn off the lights“

• Health care：

⚬ The patient's abnormal breathing sounds, 

coughing sounds, etc.

2.3 Audio Classification
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Application of Audio Classification



Example video

Example video

2.3 Audio Classification
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https://www.youtube.com/watch?v=oi8ML6aJcvI&ab_channel=AmebaIoT


2.3 Audio Classification
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Step 1.

Follow the path below in Arduino IDE 

to open the example.

1. File

2. Examples

3. AmebaNN

4. AudioClassification



2.3 Audio Classification

Step 2. Model choosing(optional)

60

List of models for different tasks



Results: Observe the detected sound category in Serial Monitor.

2.3 Audio Classification
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• In total, the pre-trained model can recognize 521 

different types of audio.

• To disable recognition of certain audios, 

set filter to 0.

2.3 Audio Classification
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Add results display

2.3 Audio Classification
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Implementation must include the following three points in the code.

1.At the beginning of the code :

define the PIN

int output0 = 0 ;

int output1 = 1 ;

int output2 = 2 ;

int output3 = 3 ;

int output4 = 4 ;

2.3 Audio Classification
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Implementation must include the following three points in the code.

2. Add the following in the function void setup(): 

Assign the output to the defined pin

pinMode(output0, OUTPUT);

    pinMode(output1, OUTPUT);

    pinMode(output2, OUTPUT);

    pinMode(output3, OUTPUT);

    pinMode(output4, OUTPUT);

2.3 Audio Classification
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if(obj_type==0) //speech

                {

                  digitalWrite(output0, HIGH);  

                  delay(1000);                      

                  digitalWrite(output0, LOW);   

                  delay(1000);                      

                }

                else if(obj_type==1) //child 

speech

                {

                  digitalWrite(output1, HIGH);  

                  delay(1000);                      

                  digitalWrite(output1, LOW);   

                  delay(1000);   

                }

else if(obj_type==2)//conversation

                {

                  digitalWrite(output2, HIGH);  

                  delay(1000);                      

                  digitalWrite(output2, LOW);   

                  delay(1000);   

                }

                else if(obj_type==3) //Narration

                {

                  digitalWrite(output3, HIGH);  

                  delay(1000);                      

                  digitalWrite(output3, LOW);   

                  delay(1000);   

                }

                else if(obj_type==4) //Babbling

                {

                  digitalWrite(output4, HIGH);  

                  delay(1000);                      

                  digitalWrite(output4, LOW);   

                  delay(1000);   

                }

3. Add the following in the function 

void loop(): Determine which finger was detected

2.3 Audio Classification
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Circuit Diagram
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2.4 FaceRecognition
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Example Video

2.4 Face Recognition
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https://www.youtube.com/watch?v=2g-xO_iV-VE&t=30s&ab_channel=AmebaIoT


1.Face detection：

⚬ Detecting the face areas in images or videos

2.Features extraction：

⚬ These features can include the contours of 

the face, eye position, nose shape, etc.

3.Features matching：

⚬ The extracted features will be compared with 

known facial features to evaluate the 

similarity between the two feature vectors.

2.4 Face Recognition

70

FaceRecognition Technical basis



• Access control system：

⚬ Home access control system

⚬ Clock in system in companies or schools

• Security monitoring：

⚬ Blacklist database combination

⚬ Identity authentication

2.4 Face Recognition
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Application of FaceRecognition



Implementation

2.4 Face Recognition
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2.4 Face Recognition
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Step 1.

Follow the path below in Arduino IDE 

to open the example.

1. File

2. Examples

3. AmebaNN

4. RTSPFaceRecognition



2.4 Face Recognition
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Enter WiFi name 

and password

Step 2.

Enter the WiFi name and password 

to the corresponding place in the code.



List of models for different tasks

2.4 Face Recognition

Step 3. Model choosing(optional)
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DEMO

2.4 Face Recognition
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2.4 Face Recognition
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All subsequent operations will be performed in 

the Serial monitor message box. Shown as below.



2.4 Face Recognition
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Register human face

2.4 Face Recognition
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Delete one of the Registered face

2.4 Face Recognition
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Forget all the Registered face

2.4 Face Recognition
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Save registered faces on the board

2.4 Face Recognition
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Restore the registered face

2.4 Face Recognition
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2.5 Image Classification
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Example video

2.4 Face Recognition
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https://www.youtube.com/watch?v=7YxshRJLCSk


2.5 Image Classification

• Given an image, the model’s task is to determine 

which predefined category the main object in the 

image belongs to. For example, in cat and dog 

classification, the model needs to determine 

whether the input image is a cat or a dog.
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Image Classification basic concept



2.5 Image Classification

Input Output

Cat

Dog

Class：Cat

Learning
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Model Learning



2.5 Image Classification

• Definition: The process of cleaning, transforming, 

and organizing raw data before performing data 

analysis, modeling, or machine learning.

• Purpose: To ensure the quality and consistency

of data, reduce uncertainty, and make the data 

suitable for subsequent analysis and training.
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Data Preprocessing



2.5 Image Classification

• Resize

• Crop

• Normalization

• Color Conversion
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Data Preprocessing



2.5 Image Classification

Resize

90

Data Preprocessing - Resize



2.5 Image Classification
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Data Preprocessing - Crop



2.5 Image Classification

• Definition: Normalization is to convert the 

pixel values of an image to a standard range, 

usually [0,1] or [-1, 1]
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Data Preprocessing - Normalization



2.5 Image Classification
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Data Preprocessing - Color Conversion



2.5 Image Classification

• Definition: Various random transformations and 

processing of original data to create more 

training samples

• Purpose: To increase the diversity of data, 

thereby improving the generalization ability of 

the model and reducing overfitting.

94

Data Augmentation



Data Augmentation

2.5 Image Classification

• Rotation

• Translation

• Flip

• Scaling

• Crop
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2.5 Image Classification

Implementation
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2.5 Image Classification
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Step 1.

Follow the path below in Arduino IDE 

to open the example.

1. File

2. Examples

3. AmebaNN

4. RTSPImageClassification



2.5 Image Classification
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Enter WiFi name 

and password

Step 2.

Enter the WiFi name and password 

to the corresponding place in the code.



2.5 Image Classification
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Step 3. Model choosing(optional)

List of models for different tasks



2.6 MQTT ON AMB82
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• Definition： Message Queuing Telemetry 

Transport，which is a lightweight messaging 

protocol designed specifically for constrained 

devices and low-bandwidth, high-latency 

networks.

2.6 MQTT ON AMB82
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MQTT



• Follow publish/subscribe pattern:

• Publisher：Publish information to a 

specified Topic

• Subscriber： Receive information from a 

specified topic. 

• Broker： Handle communication between 

publishers and subscribers.

2.6 MQTT ON AMB82
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Key features of MQTT



Key features of MQTT

• Quality of Service:

1. QoS 0：At most once delivery.

2. QoS 1：At least once delivery.

3. QoS 2：Exactly once delivery.

2.6 MQTT ON AMB82
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Key features of MQTT

• Last Will and Testament(LWT): When client 

disconnects, Broker will automatically publish messages.

• Persistent Sessions: Ensure the client can retrieve 

important info from past sessions.

• Security: Support TSL/SSL encryption protocols and 

authentication.

2.6 MQTT ON AMB82
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How to use MQTT Explorer

2.6 MQTT ON AMB82
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Implementation

2.6 MQTT ON AMB82
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2.6 MQTT ON AMB82
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Step 1.

Follow the path below in Arduino IDE 

to open the example.

1. File

2. Examples

3. AmebaMQTTClient

4. MQTT_Basic



Enter WiFi name 

and password

2.6 MQTT ON AMB82

Enter your own 

Topic name

108

Step 2.

Enter the WiFi name, password and 

publishTopic to the corresponding 

place in the code.



2.6 MQTT ON AMB82
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Step 3.

Open MQTT Explorer and make sure 

open the same connection as the code.

Then click the ADVANCED button.



2.6 MQTT ON AMB82
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Step 4.

Enter the publishTopic you named in 

the code to the Topic, then press the 

+ADD button. Then press BACK 

button.



2.6 MQTT ON AMB82
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Step 5.

After doing all the previous step, press 

the CONNECT button to start 

connecting.



AIoT Implementation 1

Combine object detection with MQTT to transmit results to the cloud

2.6 MQTT ON AMB82
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2.6 MQTT ON AMB82
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Step 1.

Follow the path below in Arduino IDE 

to open the example.

1. File

2. Examples

3. AmebaNN

4. ObjectDetectionLoop



Step 2.

After opening it, copy the code from 

the following link, then paste the code 

to Arduino IDE.

2.6 MQTT ON AMB82

https://drive.google.com

/file/d/1ABJJTcOY2TO

DcuO88m8AEMS3zuik

4idT/view?usp=sharing
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https://drive.google.com/file/d/1ABJJTcOY2TODcuO88m8AEMS3zuik4idT/view?usp=sharing
https://drive.google.com/file/d/1ABJJTcOY2TODcuO88m8AEMS3zuik4idT/view?usp=sharing
https://drive.google.com/file/d/1ABJJTcOY2TODcuO88m8AEMS3zuik4idT/view?usp=sharing
https://drive.google.com/file/d/1ABJJTcOY2TODcuO88m8AEMS3zuik4idT/view?usp=sharing


2.6 MQTT ON AMB82
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Enter WiFi name 

and password

Enter your own 

Topic name
Step 3.

Enter the WiFi name, password and 

publishTopic to the corresponding 

place in the code.



2.6 MQTT ON AMB82
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Step 4.

The detection results will be displayed 

in MQTT Explorer.



AIoT Implementation 2

Simple facial recognition clock-in system

2.6 MQTT ON AMB82

117



2.6 MQTT ON AMB82
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Step 1.

Follow the path below in Arduino IDE 

to open the example.

1. File

2. Examples

3. AmebaNN

4. RTSPFaceRecognition



Step 2.

After opening it, copy the code from 

the following link, then paste the code 

to Arduino IDE.

2.6 MQTT ON AMB82

https://drive.googl

e.com/file/d/15r02-

z5OYz23EaD29M

Fa0rdimRyMYx8P

/view?usp=sharing
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https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing
https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing
https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing
https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing
https://drive.google.com/file/d/15r02-z5OYz23EaD29MFa0rdimRyMYx8P/view?usp=sharing


2.6 MQTT ON AMB82
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Enter your own 

Topic name

Enter WiFi name 

and password
Step 3.

Enter the WiFi name, password and 

publishTopic to the corresponding 

place in the code.



1. Open Python (VScode、anaconda)

2. Enter pip install paho-mqtt in the terminal

3. Create a python (.py) file and copy and paste 

the code from the following link into the newly 

created file.

https://drive.google.com/file/d/1_GRLBpuqgWkN8e_25UPkef-

dO_pNCIDe/view?usp=sharing

2.6 MQTT ON AMB82
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https://drive.google.com/file/d/1_GRLBpuqgWkN8e_25UPkef-dO_pNCIDe/view?usp=sharing
https://drive.google.com/file/d/1_GRLBpuqgWkN8e_25UPkef-dO_pNCIDe/view?usp=sharing
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on_connect function 解釋
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on_message function explanation



2.6 MQTT ON AMB82
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main function explanation



2.6 MQTT ON AMB82
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DEMO
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3.1 YOLO

(You Only Look Once)
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What is ObjectDetection？

• Object detection is to use an anchor to mark the range of the 

object in image content such as photos or videos, and classify

it into what kind of object it is and the degree of confidence of 

the attached model in this object

• The most popular and famous object detection model 

currently is YOLO.

3.1  YOLO(You Only Look Once)
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3.1  YOLO(You Only Look Once)
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What is ObjectDetection？

• Object detection is to use an anchor to mark the range of the 

object in image content such as photos or videos, and classify

it into what kind of object it is and the degree of confidence of 

the attached model in this object

• The most popular and famous object detection model 

currently is YOLO.



3.1  YOLO(You Only Look Once)
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What is ObjectDetection？

• Object detection is to use an anchor to mark the range of the 

object in image content such as photos or videos, and classify

it into what kind of object it is and the degree of confidence of 

the attached model in this object

• The most popular and famous object detection model 

currently is YOLO.



Cat

Dog

3.1  YOLO(You Only Look Once)
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What is ObjectDetection？

• Object detection is to use an anchor to mark the range of the 

object in image content such as photos or videos, and classify

it into what kind of object it is and the degree of confidence of 

the attached model in this object

• The most popular and famous object detection model 

currently is YOLO.



Cat 0.85

Dog 0.92

3.1  YOLO(You Only Look Once)
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What is ObjectDetection？

• Object detection is to use an anchor to mark the range of the 

object in image content such as photos or videos, and classify

it into what kind of object it is and the degree of confidence of 

the attached model in this object

• The most popular and famous object detection model 

currently is YOLO.
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What is ObjectDetection？

• Object detection is to use an anchor to mark the range of the 

object in image content such as photos or videos, and classify

it into what kind of object it is and the degree of confidence of 

the attached model in this object

• The most popular and famous object detection model 

currently is YOLO.



3.1  YOLO(You Only Look Once)
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What is ObjectDetection？

• Object detection is to use an anchor to mark the range of the 

object in image content such as photos or videos, and classify

it into what kind of object it is and the degree of confidence of 

the attached model in this object

• The most popular and famous object detection model 

currently is YOLO.
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YOLO(You Only Look Once)
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YOLO(You Only Look Once)
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YOLO(You Only Look Once)
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Cat : (1,4,0.85) + Dog : (1,4,0.92) 

Assuming that I have trained 

80 animals categories (0 ~ 79)

The location of the 

cat anchor

The model's confidence 

in this object(0 ~ 1) 
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Cat : (1,4,0.85) + Dog : (1,4,0.92) 

Assuming that I have trained 

80 animals categories (0 ~ 79)

The location of the 

cat anchor

The model's confidence 

in this object(0 ~ 1) 

OUTPUT

Dog0.92

Cat0.85
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Cat : (1,4,0.85) + Dog : (1,4,0.92) 

Assuming that I have trained 

80 animals categories (0 ~ 79)

The location of the 

cat anchor

The model's confidence 

in this object(0 ~ 1) 

OUTPUT

Dog0.92

Cat0.85
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Cat : (1,4,0.85) + Dog : (1,4,0.92) 

Assuming that I have trained 

80 animals categories (0 ~ 79)

The location of the 

cat anchor

The model's confidence 

in this object(0 ~ 1) 

OUTPUT

Dog0.92

Cat0.85
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Cat : (1,4,0.85) + Dog : (1,4,0.92) 

Assuming that I have trained 

80 animals categories (0 ~ 79)

The location of the 

cat anchor

The model's confidence 

in this object(0 ~ 1) 

OUTPUT

Dog0.92

Cat0.85

Cat0.85

Dog0.92



Video of YOLO

3.1  YOLO(You Only Look Once)
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https://www.youtube.com/watch?v=YSgm0DQ9F9g&list=PLUE9cBml08yiahlgN1BDv_8dAJFeCIR1u&ab_channel=TheCodingBug


Implementation

3.1  YOLO(You Only Look Once)
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3.1  YOLO(You Only Look Once)
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Step 1.

Follow the path below in Arduino IDE 

to open the example.

1. File

2. Examples

3. AmebaNN

4. ObjectDetectionLoop



Enter WiFi name 

and password

3.1  YOLO(You Only Look Once)
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Step 2.

Enter the WiFi name and password 

to the corresponding place in the code.



Step 3. Model choosing(optional)

3.1  YOLO(You Only Look Once)
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List of models for different tasks



• The pre-trained model can recognize 

a total of 80 different types of objects.

3.1  YOLO(You Only Look Once)
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• To disable the recognition of

certain object, set the filter to 0.



Program Explanation

3.1  YOLO(You Only Look Once)
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include
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setup()
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loop()

3.1  YOLO(You Only Look Once)

156



3.1  YOLO(You Only Look Once)

157



3.1  YOLO(You Only Look Once)

158



Advanced implementation
(Using customized model)
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Comparison

The following table compares the computing power of AMB82-MINI and RTX 3090.

TOPS(Tera Operations Per Second)

RTX 3090 285

AMB82-MINI 0.4

Table 1.Comparison of Computing Power



3.1  YOLO(You Only Look Once)
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Comparison

The following table compares the capacity of AMB82-MINI and YOLOv7_TINY.

MB(Megabyte)

YOLOv7_tiny 23

AMB82-MINI 16

Table 1.Comparison of Capacity



AI MODEL
REPARAME

TERIZE
QUANTIZE
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AI MODEL
REPARAME
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AI MODEL
REPARAME

TERIZE
QUANTIZE

AMB82-

MINI
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Definition：By merging multiple blocks and 

simplifying branches, the model reduces parameters 

to enhance computational performance. The original 

model is used solely for training, while only the re-

parameterized version is saved and deployed for 

inference.

166
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Reparameterize



Model

Block
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Reparameterize
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• Definition：Convert high-precision parameters 

to low-precision to significantly reduce model 

size and computational complexity, improving 

inference speed and efficiency, making it suitable 

for resource-limited environments like mobile 

devices.
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Quantization



Quantization

Original Model Quantized Model
Quantization
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Block
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Block
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Programming

Switch the model from Default model to Customized model.

Results will look like

3.1  YOLO(You Only Look Once)
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Programming

The head file (.h) must map the categories to the model’s output results

Results will look like

3.1  YOLO(You Only Look Once)



Model Uploading

179

First, download the converted nb file from the link as below

https://drive.google.com/file/d/1Wsa2oWUZ4Sd

yjZKzTnHtIUJd38ibtltP/view?usp=sharing

3.1  YOLO(You Only Look Once)

https://drive.google.com/file/d/1Wsa2oWUZ4SdyjZKzTnHtIUJd38ibtltP/view?usp=sharing
https://drive.google.com/file/d/1Wsa2oWUZ4SdyjZKzTnHtIUJd38ibtltP/view?usp=sharing


Model Uploading
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Second, modify the converted nb file to have the same name as the corresponding model.

Corresponding model are shown at below. In our case, change the name to yolov7_tiny.nb.

3.1  YOLO(You Only Look Once)



Model Uploading
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Model Uploading

Finally, find the following path to put the nb file into the folder of the corresponding task

C:\Users\username\AppData\Local\Arduino15\packages\realtek\hardware\

AmebaPro2\version\libraries\NeuralNetwork\examples\Corresponding task

Results will look like

3.1  YOLO(You Only Look Once)



1.Add it at the beginning of the code :

(define the PIN)

int gesture1 = 0 ;

int gesture2 = 1 ;

int gesture3 = 2 ;

int gesture4 = 3 ;

int gesture5 = 4 ;

3.1  YOLO(You Only Look Once)
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Implementation must include the following three points in the code.



2. Add into the function void setup() :

(Give the output to the defined pin)

pinMode(gesture1, OUTPUT);

pinMode(gesture2, OUTPUT);

pinMode(gesture3, OUTPUT);

pinMode(gesture4, OUTPUT);

pinMode(gesture5, OUTPUT);

3.1  YOLO(You Only Look Once)
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Implementation must include the following three points in the code.



3.1  YOLO(You Only Look Once)

if(obj_type==0) //finger1

                {

                  digitalWrite(gesture1, HIGH);  

                  delay(1000);                      

                  digitalWrite(gesture1, LOW);   

                  delay(1000);                      

                }

                else if(obj_type==1) //finger2

                {

                  digitalWrite(gesture2, HIGH);  

                  delay(1000);                      

                  digitalWrite(gesture2, LOW);   

                  delay(1000);   

                }

else if(obj_type==2)//finger3

                {

                  digitalWrite(gesture3, HIGH);  

                  delay(1000);                      

                  digitalWrite(gesture3, LOW);   

                  delay(1000);   

                }

                else if(obj_type==3) //finger4

                {

                  digitalWrite(gesture4, HIGH);  

                  delay(1000);                      

                  digitalWrite(gesture4, LOW);   

                  delay(1000);   

                }

                else if(obj_type==4) //finger5

                {

                  digitalWrite(gesture5, HIGH);  

                  delay(1000);                      

                  digitalWrite(gesture5, LOW);   

                  delay(1000);   

                }

3. Add the following to 

if(itemList[obj_type].filter) 

under the function void loop(): 
(Determine which finger the detected 

result is)

184
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Circuit Diagram



3.2 YOLOv7 Gesture Detection
(Gesture recognition Kart)

REALTEK
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3.2 YOLOv7 Gesture Detection
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AMB82-MINI

3.2 YOLOv7 Gesture Detection
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Motor control board

3.2 YOLOv7 Gesture Detection
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Motor

3.2 YOLOv7 Gesture Detection
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Introduction to AI model training

3.2 YOLOv7 Gesture Detection
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AI MODEL
REPARAME

TERIZE
QUANTIZE

AMB82-

MINI
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AI MODEL
REPARAME

TERIZE
QUANTIZE

AMB82-

MINI

Dataset Training Inference

3.2 YOLOv7 Gesture Detection
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Assign the output value 

to the GPIO pin

3.2 YOLOv7 Gesture Detection
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Programming

02

Setting GPIO pin and 

the value of GPIO.
01

Assign the output value 

to the GPIO pin



Programming

Classify gestures with a 

detection result confidence 

value greater than 50.

02

Setting currentMillis to 

alleviate latency issues.

The result is determined by 

the category with the 

highest confidence score.

3.2 YOLOv7 Gesture Detection
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01

03



3.2 YOLOv7 Gesture Detection
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Programming

Match predicted categories to car 

actions.



3.2 YOLOv7 Gesture Detection
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Programming

Match predicted categories to car 

actions.



3.2 YOLOv7 Gesture Detection

Code
https://drive.google.com/file/d/1AmEI6jfby3BS6mAt2LfuXeCrq86qEFV5/view?usp=drive_link

198

https://drive.google.com/file/d/1AmEI6jfby3BS6mAt2LfuXeCrq86qEFV5/view?usp=drive_link


3.2 YOLOv7 Gesture Detection
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Programming

The head file (.h) must map the categories to the model’s output results

Results will look like



Model Uploading

3.2 YOLOv7 Gesture Detection
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First, modify the converted nb file to have the same name as the corresponding model.

Corresponding model are shown at below. In our case, change the name to yolov7_tiny.nb.



Model Uploading
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Model Uploading

Next, find the following path to put the nb file into the folder of the corresponding task

C:\Users\username\AppData\Local\Arduino15\packages\realtek\hardware\

AmebaPro2\version\libraries\NeuralNetwork\examples\Corresponding task

Results will look like



3.2 YOLOv7 Gesture Detection
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https://shopee.tw/%E3%80%8A3%E8%99%9F%E5%B8%B6%E7%B7%9A%E9%9B%BB%E6%B1%A0%E7%9B%92-%E4%B8%B2%E8%81%AF%E3%80%8B1.5V-%E4%B8%B2%E8%81%AF-%E9%8B%B0%E9%9B%BB%E6%B1%A0-%E5%B8%B6%E7%B7%9A-%E5%96%AE%E7%AF%80%E9%9B%BB%E6%B1%A0%E7%9B%92-%E4%B8%B2%E8%81%AF%E5%85%85%E9%9B%BB-%E5%85%85%E9%9B%BB%E5%BA%A7-%E9%9B%BB%E6%B1%A0%E5%BA%A7-%E9%8B%B0%E9%9B%BB%E6%B1%A0%E7%9B%92-3%E8%99%9F%E9%9B%BB%E6%B1%A0%E3%80%90%E9%A3%9B%E5%85%92%E3%80%91-i.2938579.16425220135?xptdk=658e07b0-1704-4643-805a-f0f0ca40ccab


DEMO Video :

3.2 YOLOv7 Gesture Detection
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Chapter 4
Application of Object Detection



4.1 Parking cars
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4.1 Parking cars



4.1 Parking cars
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DEMO Video



4.1 Parking cars
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Code

https://drive.google.com/file/d/1J86lzhAgARXSREn6yvYFWbFO3nOyFQX_/view?usp=sharing

https://drive.google.com/file/d/1J86lzhAgARXSREn6yvYFWbFO3nOyFQX_/view?usp=sharing
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Pin mode & threshold setting



4.1 Parking cars
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Find the highest confidence score object



4.1 Parking cars
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Processing the found object



4.1 Parking cars

211

Motor control



4.1 Parking cars
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GARAGE

Game description

1. Place your car within the zone

2. Start controlling the car after 3 

seconds of countdown

3. The goal is to park the car into the 

garage

4. The person with the shortest 

finishing time will be the final 

winner



4.2 Tango

REALTEK
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4.1 Parking cars
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DEMO Video



4.2 Tango

215

Code
https://drive.google.com/file/d/1C9PG8EsXqd25N0eVA_bDtoZ4lByzvtdU/view?usp=sharing

https://drive.google.com/file/d/1C9PG8EsXqd25N0eVA_bDtoZ4lByzvtdU/view?usp=sharing


4.2 Tango

216

Pin mode setting



4.2 Tango
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Getting two different frames for comparison



4.2 Tango
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Find the highest confidence score object for each frame



4.2 Tango

219

Processing the found object



4.2 Tango
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Motor control



4.3 Obstacle course racing 
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4.1 Parking cars

222

DEMO Video



4.3 Obstacle Course racing
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Code

https://drive.google.com/file/d/1ZfG3uGIFvKaJXjnabbcEkhDVximjCiDc/view?usp=sharing

https://drive.google.com/file/d/1ZfG3uGIFvKaJXjnabbcEkhDVximjCiDc/view?usp=sharing
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Pin mode setting

4.3 Obstacle Course racing
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Find the highest confidence score object

4.3 Obstacle Course racing
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Processing the found object

4.3 Obstacle Course racing
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Motor control

4.3 Obstacle Course racing
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Game description

1. Place your car at the starting line

2. Start controlling the car after 3 

seconds of countdown

3. The goal is to get around the 

obstacles and reach the finish line

4. The person with the shortest 

finishing time will be the final 

winner

4.3 Obstacle Course racing

Starting line

Finish line



4.3 Obstacle Course racing
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Paste the code from the following link into the .h file of 
ObjectDetectionLoop

https://drive.google.com/file/d/1JnzLQff49Q823eubIsf6489V9LYTi7yc/view?usp=sharing

https://drive.google.com/file/d/1JnzLQff49Q823eubIsf6489V9LYTi7yc/view?usp=sharing
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