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Introduction of Alter Products

1. About Alter products

Alter is an open source intelligent robot product for artificial intelligence,robot

enthusiasts and students. It is also an open Raspberry Pi-based robot development

platform. It has the following features:

Easy to assemble: adopt structural modular design, open hardware list and detailed

assembly tutorial.

Easy to learn: Complete and detailed development learning tutorials and sample

codes are provided for algorithms and applications.

Multi-form: It can be transformed into different types of robots by different

combinations, such as quadruped robots and intelligent wheeled robots.

Rich functions: visual line inspection, automatic obstacle avoidance, color

recognition, color tracking, moving object detection, triangular gait, diagonal gait,

average acceleration start, self-stabilization mode, Web remote control, OLED display,

lighting indicator, line patrol module line patrol function

Aluminum alloy structure: strong and durable.

Scalable: The structure is scalable and DIY.

Web remote control: Regardless of mobile phone, tablet, computer, Windows, Linux,

Mac OS, as long as you can install Google Chrome browser to control the robot.

Open API: Provides basic action control functions to facilitate the secondary

development of users.

Support multiple versions of Raspberry Pi: Support Raspberry Pi 3B, Raspberry Pi

3B+ and Raspberry Pi 4.

Support Python: You can use python programming to achieve some functions.
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2. Alter's three types of robots

Alter can be assembled into three different types of robots, namely Alter Dog,

Alter Racing Car and Alter Classic Car.

2.1 Alter Dog

Alter Dog is an intelligent quadruped robot that uses advanced software and

hardware technology architecture, mechanical design, intelligent algorithms and

motion control algorithms. It has automatic obstacle avoidance, color recognition and

tracking, moving object detection, self-stabilization, and triangular gait , diagonal gait,

Web remote control and other functions; the leg is designed with a linkage

mechanism, which can greatly reduce the complexity of the mechanical structure.

While maximizing the use of the limited power of the servo, Alter Dog walk more

stable and powerful; in the machine-controlled program, we used the algorithm of

Inverse Kinematics to control legs.You can control the position of the end of the leg

by inputting coordinate values, which is the basic function used to implement other

advanced functions. For example, by acquiring the reading of the MPU6050 sensor,

the self-stabilizing function of the quadruped robot can be realized; when performing

color recognition, Alter Dog can be controlled to track a certain color for pitch

movement;In terms of gait generation, we also provide diagonal gait and triangular

gait generation methods. Since the latter has strict requirements for parameter

debugging, we use the diagonal gait by default. Of course, you can also switch to

triangular gait simply by rewriting one variable.
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2.2 Alter Classic Car

Alter Classic Car is a wheeled robot with differential steering. It has functions

such as visual line inspection and line inspection, automatic obstacle avoidance,

uniform acceleration starting, color recognition, moving object detection, Web remote

control, OLED display, and lighting indicators；Alter Classic Car uses 360° servos to

drive the robot. It moves slightly slower, but it has a higher reduction ratio. When the

car is very slow, it can also obtain a large torque. It is suitable for desktop occasions

and low-speed control usage scenarios;In our default program, Alter Classic Car is

uniformly accelerated, taking the advantages of 360° servos to obtain more efficient

line-tracking performance.
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2.3 Alter Racing Car

Alter Racing Car is also a wheeled robot with differential steering.Using

large-size wheels, it makes Alter Racing Car have excellent off-road performance and

can be applied to complex terrain.It has functions such as visual line inspection and

line inspection, automatic obstacle avoidance, color recognition, moving object

detection, Web remote control, OLED display, and lighting indicators;Alter Racing

Car uses DC motors to drive the robot. It moves faster. We only need to control the

high and low level of a few GPIO ports on the Raspberry Pi to control the motor

rotation, which is convenient for beginners to learn the control method of car products

quickly.
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Raspberry Pi

1. Introduction to Raspberry Pi

(1) Raspberry Pi

Raspberry Pi (Raspberry Pi, RasPi/RPi) is developed by the British charity

organization "Raspberry Pi Foundation", based on ARM microcomputer motherboard,

only the size of a credit card, but has the basic functions of a personal computer. The

original purpose of the Foundation’s development of the Raspberry Pi was to improve

the teaching level of the school’s computer science and related disciplines, and

cultivate the youth’s computer programming interest and ability. Nowadays, most

people use the Raspberry Pi for embedded development, which is mostly used in the

Internet of Things, smart home and artificial intelligence.

(2) Raspberry Pi motherboard

In our lessons, we will use the Raspberry Pi 4 motherboard. Let's take a look at

the structure of the Raspberry Pi 4 motherboard. As shown in the following figure:
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The following contents will briefly explain the main structure ports of the

Raspberry Pi 4 motherboard:

(1) GPIO 40-PIN pin:

The General Purpose Input Output (GPIO) is designed as a slot with two rows of

pins on the Raspberry Pi motherboard. GPIO can be used to connect various

peripheral electronic devices and sensors to control or monitor these devices through

input/output level signals. For example, you can use GPIO to control the speed of a

DC motor, or read the measured distance of an ultrasonic sensor. These functional

characteristics of GPIO make the Raspberry Pi different from ordinary computer

motherboards because it gives developers the freedom to operate manually. We will

further introduce GPIO in the subsequent chapters and use them extensively.

(2) Gigabit Ethernet port:

The Ethernet interface allows the Raspberry Pi to connect to the computer

network in a wired manner, which allows us to easily access the Internet or log in to

the Raspberry Pi remotely. The Raspberry Pi's Ethernet interface is implemented

using a USB bus, and data is transferred through the USB bus. Most models of

Raspberry Pi provide an Ethernet interface
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(3) Micro HDMI port:

High-definition multimedia interface (High Definition Multimedia Interface,

HDMI) is a fully digital video and sound transmission interface, used to transmit

uncompressed audio and video signals. By connecting it to a display (or TV) equipped

with an HDMI interface, the content of the Raspberry Pi can be displayed. The HDMI

interface can transmit video and audio signals at the same time, so when we use it, we

don't need to connect speakers to the audio interface of the Raspberry Pi. If we really

need to play sound through the audio interface, we need to modify the operating

system configuration accordingly.

(4) USB2.0/3.0 port:

The Universal Serial Bus (USB) interface is the most common interface on a

computer. You can use it to connect devices such as keyboards, mice, USB flash

drives, and wireless network cards. When the number of USB ports is not enough, we

can also increase the number of USB ports through a USB hub.

(5) Audio port:

Audio interface (3.5mm headphone jack) When HDMI connection is not used,

you can use the standard 3.5mm headphone jack speakers or headphones to play audio.

At the same time, the interface also integrates a composite video interface with a

composite audio and video output function, which is generally used to connect to old

models of TVs, and is currently rarely used.

(6) MIPI CSI camera port:

The CSI interface can be used to connect the CSI camera to the Raspberry Pi via

a ribbon cable for easy video recording and image capture. Compared with the USB

camera, this camera module has better performance.

(7) USB-C 5V/3A power supply port:

The Micro USB power supply interface is one of the main power supply methods

of the Raspberry Pi. The rated voltage is 5V. The standard current requirements of

different versions of the Raspberry Pi are slightly different. For example: the 1B type

only needs 700mA, and the 3B+ type requires 2.5A. The chargers of many Android
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mobile phones can provide the necessary voltage and current for the Raspberry Pi.

The current demand of the Raspberry Pi is also related to the connected external

device. It is recommended that it should be calculated in advance when using it.

Choose a suitable current (power) power supply for the Raspberry Pi. When the

external device has a large power, an independent power supply should be used Power

supply for external devices.

(8) Micro SD card slot:

The SD card slot is located on the back of the Raspberry Pi motherboard. The

SD/MicroSD card is an essential storage part of the Raspberry Pi. It is used to install

the operating system and store data. The capacity of the SD card should be above

2GB. In order to have a better experience, it is recommended to equip your Raspberry

Pi with a large-capacity (above 16G) high-speed (Class10 or above) SD card.

(9) Bluetooth port:

The Bluetooth function allows the Raspberry Pi to connect with

Bluetooth-enabled devices (such as a mouse, keyboard, and handle).

(10) PoE HAT port:

Active Ethernet (Power Over Ethernet, PoE) refers to a technology that uses

Ethernet for power transmission. On the basis of the original Micro USB and GPIO

power supply, the Raspberry Pi 3B+ type adds a new power supply method over

Ethernet. Users can use the network cable to supply power to the Raspberry Pi

without the need to configure an additional power supply, which is convenient for

certain application scenarios.

(11) MIPI DSI display port:

You can connect the LCD display to the Raspberry Pi, which is generally used

for embedded product development. Under normal circumstances, the HDMI

interface can already meet the demand.
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(3)Operating system

The Raspberry Pi supports a variety of operating systems, mainly based on Liunx

and Windows, and most of them can be found on the official website of the Raspberry

Pi Foundation (www.raspberrypi.org). The following briefly introduces two

representative operating systems.

(1) Raspbian

Raspbian is the official operating system of the Raspberry Pi Foundation. It is

customized based on Debian GNU/Linux and can run on all versions of the Raspberry

Pi motherboard. According to the experience, Raspbian and Raspberry Pi combine the

best, stable operation, powerful, easy to use, can basically meet various application

needs, so it is strongly recommended to use Raspbian as the preferred operating

system for Raspberry Pi. In the following chapters, we will further introduce the use

of Raspbian in detail, and develop various applications on it.

(2) Windows 10 IoT Core

Windows 10 IoT Core is an operating system specifically created by Microsoft

for the Internet of Things ecosystem. Windows 10 IoT Core is the core version of the

Windows 10 IoT operating system. It has relatively simple functions and can run on

the Raspberry Pi of type 2B or above. The installation and use of Windows 10 IoT

Core will not be described in detail here. If you are interested, you can visit

Microsoft's website for more information.

In addition to the two operating systems described above, there are several

operating systems that support the Raspberry Pi, such as Ubuntu MATE, OSMC,

LibreELEC, PiNet, RISC OS, etc. As for which one to choose, it depends on whether

you want to use Raspberry What to do. If you want to use the Raspberry Pi as an

ordinary computer or for electronic project development, then Raspbian is a very

good choice. If you plan to use the Raspberry Pi as a media center, you can consider

using OSMC or LibreELEC.
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(4)Programming language

For the Raspberry Pi, there are many programming languages available. In fact,

any language that can be compiled for the ARM architecture (such as the C language)

can be used for the Raspberry Pi. The most popular language should be Python. In

fact, the Pi in the name of the Raspberry Pi was inspired by the word Python. Python

is an interpretive, object-oriented, and dynamic data type high-level programming

language with powerful functions, good compatibility, and high reliability. Python

programs are easy to write and read. At present, there are two major versions of

Python: Python 2 and Python 3. Both versions have been updated and maintained, but

people still have disputes about which version to use. You can visit Python's official

website (www.python.org) to understand more related content, in the future we will

mainly use Python 3 for development introduction. In addition, because the

compatibility of the Raspberry Pi is splendid, the program we wrote on the 3B+

model can be run on the Zero W model with little modification.

2. Introduction to GPIO

(1) What is GPIO

A powerful feature of the Raspberry Pi is the row of GPIO (general-purpose

input/output) pins along the top edge of the board. A 40-pin GPIO header is found on

all current Raspberry Pi boards (unpopulated on Pi Zero and Pi Zero W). Prior to the

Pi 1 Model B+ (2014), boards comprised a shorter 26-pin header.
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Any of the GPIO pins can be designated (in software) as an input or output pin

and used for a wide range of purposes.

Note: the numbering of the GPIO pins is not in numerical order; GPIO pins 0 and

1 are present on the board (physical pins 27 and 28) but are reserved for advanced use

(see below).

Voltages

Two 5V pins and two 3V3 pins are present on the board, as well as a number of

ground pins (0V), which are unconfigurable. The remaining pins are all general

purpose 3V3 pins, meaning outputs are set to 3V3 and inputs are 3V3-tolerant.

Outputs

AGPIO pin designated as an output pin can be set to high (3V3) or low (0V).
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Inputs

A GPIO pin designated as an input pin can be read as high (3V3) or low (0V).

This is made easier with the use of internal pull-up or pull-down resistors. Pins

GPIO2 and GPIO3 have fixed pull-up resistors, but for other pins this can be

configured in software.

More

As well as simple input and output devices, the GPIO pins can be used with a

variety of alternative functions, some are available on all pins, others on specific pins.

-PWM (pulse-width modulation)

-Software PWM available on all pins

-Hardware PWM available on GPIO12, GPIO13, GPIO18, GPIO19

-SPI

-SPI0: MOSI (GPIO10); MISO (GPIO9); SCLK (GPIO11); CE0 (GPIO8),

CE1 (GPIO7)

-SPI1: MOSI (GPIO20); MISO (GPIO19); SCLK (GPIO21); CE0 (GPIO18);

CE1 (GPIO17); CE2 (GPIO16)

-I2C

-Data: (GPIO2); Clock (GPIO3)

-EEPROM Data: (GPIO0); EEPROM Clock (GPIO1)

-Serial

-TX (GPIO14); RX (GPIO15)

GPIO pinout

It's important to be aware of which pin is which. Some people use pin labels (like

the RasPiO Portsplus PCB, or the printable Raspberry Leaf).

http://rasp.io/portsplus/
https://github.com/splitbrain/rpibplusleaf
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A handy reference can be accessed on the Raspberry Pi by opening a terminal

window and running the command pinout. This tool is provided by the GPIO Zero

Python library, which it is installed by default on the Raspberry Pi OS desktop image,

but not on Raspberry Pi OS Lite.
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For more details on the advanced capabilities of the GPIO pins see gadgetoid's

interactive pinout diagram.

(2) Introduction of GPIO pins

(1) GPIO pin comparison table
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【Form description】:

(1) Three naming (coding) methods for Raspberry Pi pins

Three ways to name the Raspberry Pi pins:

The WiringPi number is the pin number of the functional wiring (such as TXD,

PWM0, etc.); the BCM number is the Broadcom pin number, also known as GPIO;

the physical number is the number corresponding to the physical location of the pin

on the Raspberry Pi motherboard (1 ~40).

(2) 3.3V/5V pin and GND pin

3.3V/5V pin and GND pin are commonly known as power and ground pins. The

power and ground pins allow your Raspberry Pi to power some external components,

such as LED lights. It should be noted that before using these pins to power any

external modules or components, care should be taken. Excessive operating current or
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peak voltage may damage the Raspberry Pi. Do not use voltages greater than 5V!

(3) SDA and SCL pins

The SDA and SCL pins constitute the I2C interface. I2C is a simple, bidirectional

two-wire synchronous serial bus developed by Philips. It only requires two wires to

transfer information between devices connected to the bus. The Raspberry Pi can

control multiple sensors and components through the I2C interface. Their

communication is done through SDA (data pin) and SCL (clock speed pin). Each

slave device has a unique address, allowing rapid communication with many devices.

The ID_EEPROM pin is also an I2C protocol, which is used to communicate with

HATs.

(4) SCLK, MOSI and MISO pins

SCLK, MOSI and MISO pins form the SPI interface. SPI is a serial peripheral

interface, used to control components with a master-slave relationship, and works in a

slave-in, master-out and master-in-slave manner. The SPI on the Raspberry Pi consists

of SCLK, MOSI, and MISO interfaces, and SCLK is used for controlling data speed,

MOSI sends data from the Raspberry Pi to the connected device, while MISO does

the opposite.

(5) TXD and RXD pins

TXD and RXD form a UART interface. TXD is a pin to send data, and RXD is a

pin to receive data. A friend who uses Arduino must have heard of UART or Serial.

The Universal Asynchronous Receiver/Transmitter interface is used to connect the

Arduino to the computer for which it is programmed. It is also used for

communication between other devices and the RX and TX pins. If the Raspberry Pi

has a serial terminal enabled in raspi-config, you can use these pins to control the

Raspberry Pi through a computer or directly to control the Arduino.
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Introduction of Robot HAT Driver Board

1.Introduction of Robot HAT driver board

When you get the Alter product, you will see a board with its name printed on it

called: Adeept Robot HAT, which is an important part of Alter. There are many

interfaces on the Robot HAT driver board. By these interfaces, you can connect some

sensors and electronic hardware modules, so that you can achieve many extended

functions. Our Alter products need to be used in conjunction with the Raspberry Pi.

Let's first get to know the Robot HAT driver board.

【Vin】： The vin interface is an interface for external power supply.

【Switch】：Switch is the switch of Robot HAT driver board, ON is to open, and OFF

is to close.

【Micro USB】：The Micro USB interface can connect the Robot HAT driver board to

a computer or other equipment, and can also supply power for the Robot HAT driver

board.

【Power LED】 Power LED is used to indicate the power status of Robot HAT driver

board. If the LED is on, it means that the Robot HAT driver board is powered on and

can run; if the LED is off, it means that the Robot HAT driver board is not powered

on.

【Tracking】 is the pin interface of Tracking Module.
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【WS2812】 is the pin interface of WS2812 Module.

【3.3V-GND】 3.3V power supply interface.

【Uart】 Uart interface.

【GPIO 40-PIN】 General Purpose Input Output (GPIO) is designed as a slot with

two rows of pins on the Robot HAT driver board. GPIO can be used to connect

various peripheral electronic devices and sensors and control or monitor these devices

with input/output level signals. In Alter products, this GPIO interface is connected to

the GPIO pins on the Raspberry Pi driver board.

【5V-GND】 5V power supply interface.

【IIC】IIC interface. It is also the interface of the OLED screen module.

【MPU6050】The interface of MPU6050 sensor.

【Port】is divided into Port1, Port2, and Port3 interfaces, which are commonly used to

connect Small LED light.

【Servo port】Servo interface.

【motor】 is divided into motor1, motor2 interfaces.

【Ultrasonic】Ultrasonic interface.

2. Precautions for the use of Robot HAT driver board

When you are performing software installation, structural assembly or program

debugging, you can use a USB cable to power the Raspberry Pi. If the Raspberry Pi is

equipped with Robot HAT, you can connect the USB cable to the USB port on the

Robot HAT. Robot HAT will power the Raspberry Pi by the GPIO interface.

Different Raspberry Pi have different current requirements. For example, the

Raspberry Pi 3B needs at least 2A to boot up, and the Raspberry Pi 4 needs 3A to boot

normally. When you use the power adapter to power the Raspberry Pi, you can check

the specifications on your power adapter.

When the Robot HAT is connected to a load, such as a motor or multiple servos,

you need to use a high-current power supply to connect to the Vin on the Robot HAT.
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You can use two 18650 batteries that support high-current to power the Robot HAT.

For power supply, our product will provide a dual 18650 battery box with a 2pin

interface. You can directly connect it to the Robot HAT.

When the USB interface on the Robot HAT is used for power supply, the switch

of the Robot HAT does not control whether to supply power. The switch of the Robot

HAT can only control the power supply of Vin.

Do not use the USB port on the Robot HAT and Vin to supply power at the same

time. If you need to debug the program for a long time and don’t want to remove the

battery, you can set the switch on the Robot HAT to OFF, so that when the USB cable

is used to connect the Robot HAT, the Robot HAT is powered by USB.

If your robot restarts automatically after it is turned on, or after it is turned on

normally, it is disconnected and restarted at the moment when the robot starts to move,

it is likely that your power supply does not output enough current. The robot will

automatically restart when it is turned on. Run the program to place all the servos in

the neutral position. The voltage drop generated during this process causes the

Raspberry Pi to restart.

We have tested that the peak current of the robot is around 3.75A when powered

by 7.4V, so you need to use a battery that supports 4A output.

You can also use the power lithium battery to power the Robot HAT. Robot HAT

supports power supply below 15V.

When assembling and installing the servo rocker arm, you can use a USB cable to

power the Robot HAT. After the Raspberry Pi with the robot software is installed, it

will control the Robot HAT to set all the servo ports to output neutral signals. You can

connect the servo to any port. The gear of the servo will rotate to the neutral position,

and then you can install the servo rocker arm according to the specified angle. After

the rocker arm is installed, you can disconnect the servo from the Robot HAT , When

you need to install the rocker arm of the second servo, connect the second servo to

any servo port on the drive board.
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Lesson 1 Installing and Logging in to the Raspberry

Pi System

In this lesson, we will learn how to install and remotely log in to the Raspberry Pi

system under Windows. And we will download the code program to control the robot.

1.1 Preparation

(1) When studying this lesson, you need to prepare the following components

first:

One SD card that has been formatted (we recommend using an SD card with

memory above 16G), 1 card reader, Raspberry Pi development board.

(2) You need to insert the SD card into the card reader first, and then connect the

card reader to the computer.

1.2 Downloading the Raspberry Pi system Raspbian

Raspbian is the official operating system of the Raspberry Pi Foundation. It is

customized based on Debian GNU/Linux and can run on all versions of the Raspberry

Pi motherboard. According to the experience, Raspbian combines Raspberry Pi the

best. It is stable, powerful, and easy to use. It can basically meet the needs of various

applications. This course uses Raspbian as the preferred operating system for the

Raspberry Pi. Next, we will teach you how to download the Raspberry Pi system

Raspbian.

(1) First, visit the official website of the Raspberry Pi through a browser to

download Raspbian:

https://www.raspberrypi.org/downloads/

After logging in to the official website, click on the location shown below:

https://www.raspberrypi.org/downloads/
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(2) We need to find out the Raspberry Pi OS (32-bit) with desktop and

recommended software. It contains a complete desktop system and recommended

software packages.
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(3) Choose to download the ".ZIP" file and wait for the download to complete:

(4) Find the ".ZIP" file you just downloaded, double-click to open it, and extract

it. The uncompressed file format of the file is ".img". Pay attention, you must name
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the path of the uncompressed .img file all English letters without special

characters.

1.3 Burning the downloaded Raspberry Pi system to

the SD card

We recommend using the Raspberry Pi Imager tool officially provided by the

Raspberry Pi. Raspberry Pi Imager is a new image burning tool launched by the

Raspberry Pi Foundation. Users can download and run this tool on Windows, macOS

and Ubuntu to burn the system image for the Raspberry Pi. Its usage is similar to

Etcher and win32diskimager.

1.3.1 Downloading Raspberry Pi Imager

(1) Visit the official website of Raspberry Pi to download through a browser:

https://www.raspberrypi.org/downloads/.

Click "Raspberry Pi Imager for Windows" to download. Wait for the download

to complete.



25

(2) Open the downloaded file "imager.exe" and click "Install".

(3) Then click "Finish".
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(4) The software interface after opening is as shown below:

1.3.2 Burning Raspberry Pi system to SD card with Raspberry

Pi Imager
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(1) Click "CHOOSE OS" on the opened Raspberry Pi Imager software

interface.

(2) Click "Use custom" and select a custom ".img" file from your computer,

which is the ".img" file of the Raspberry Pi system that we downloaded and

decompressed before.
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(3) Find the ".img" file of the Raspberry Pi system that we downloaded and

decompressed before. Click "Open".

(4) Select the ".img" file and click "Open".

(5) Then on the interface of Raspberry Pi Imager, the ".img" file of our selected

Raspberry Pi system will appear.
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(6) Click "CHOOSE SD".

(7) Then select the SD card we need to burn.
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(8) Click "WRITE" to write it to the SD card. Wait for the burn to complete.

(9) After the burning is completed, the following message will be

prompted,indicating that the burning is finished, click "CONTINUE".
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【Pay Attention】

Don't remove the SD card after burning! After the Raspberry Pi Imager is burned,

the memory card will be ejected in the program. This will cause the subsequent copy

operation to prompt that the SD card has not been found. You can unplug the card

reader from the computer and then plug it into the computer again.It is necessary to

configure SSH and WIFI connection later. At this time, once the SD card is put into

the Raspberry Pi to boot, it may cause subsequent headless WIFI configuration

failure.

1.4 Starting the Raspberry Pi SSH service

SSH is a protocol designed to provide security for remote login sessions and other

network services. Through the SSH service, you can remotely use the command line

of the Raspberry Pi on another machine. In the subsequent operations and the process

of using the Raspberry Pi, you can control the Raspberry Pi through another machine

in the same local area network without connecting the mouse, keyboard and monitor

to the Raspberry Pi. After 2016, Raspbian distributions disable the SSH service by
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default, so we need to manually enable it.

(1) We first enter the driver D of the computer, click "View" in the upper left

corner, and select "File Extension", as shown below:

(2) Right-click on the blank space of the D drive, select "New", and select "Text

Document".

(3) Name the file "ssh", as shown below:

(4) Then delete the suffix ".txt". We will get an ssh file without any extension. As

shown below:

(5) Copy this ssh file to the root directory of the SD card of the Raspberry Pi

system. When the Raspberry Pi starts, it will automatically find this ssh file. If it is

found, it will start SSH. This method only needs to be used once. After that, every

time you start the Raspberry Pi, it will automatically start SSH without repeating the

above operations. Copy the ssh file to the Raspberry Pi as shown below:
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1.5 Setting up Raspberry Pi WIFI wireless connection

Next, we also need to set up a WIFI wireless connection for the Raspberry Pi.

(1) Create a new file named wpa_supplicant.conf in the root directory of the D

driver of the computer.

(2) Click to select the wpa_supplicant.conf file, right-click the mouse, and select

"Open Mode (H)".

(3) Select "Notepad" to open it.
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(4) Write the following contents:

country=US

ctrl_interface=DIR=/var/run/wpa_supplicant GROUP=netdev

update_config=1

network={

ssid="WIFI"

psk="PASSWORD"

key_mgmt=WPA-PSK

priority=1

}
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"Country" is your country code, do not modify it, the default is US; "ssid" needs

to be changed to the name of the WIFI you want to connect; "psk" needs to be

changed to the password of the WIFI you want to connect; other parts do not need to

do any modifications.

For example, our company's WIFI name is Adeept, WIFI password is 123456, and

the modified wpa_supplicant.conf file is as shown below:

(5) Save the set wpa_supplicant.conf file, and then copy it to the root directory of

the SD card of the Raspberry Pi system. As shown below:

(6) Now we can take out the SD card and put it into the "MICRO SD CARD"

card slot on the Raspberry Pi development board, and use the Type-C data cable to

supply power to the Raspberry Pi. And then the Raspberry Pi will start up and

run.
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1.6 Remotely logging in to the Raspberry Pi system

1.6.1 Download and install MobaXterm software

MobaXterm is a terminal tool software that can be used to remotely control the

Raspberry Pi.

(1)Log in to the official website through a browser to download:

https://mobaxterm.mobatek.net/download.html.

Select Free version to download.
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(2) Download the Portable edition of MobaXterm Home Edition (current

version):

(3) Find the downloaded file MobaXterm_Portable_v20.2.zip, double-click to

open it, extract it to get a new file

(4) Open the unzipped folder, there is a file MobaXterm_Personal_20.2.exe.
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(5) Double-click to open MobaXterm_Personal_20.2.exe to directly open the

MobaXterm software. The interface is as shown below:

1.6.2 Obtaining the IP address of the Raspberry Pi

1.6.2.1 Using the Pi with a display

We provide a simple and fast way to get the Raspberry Pi IP address. You need to

prepare the following components:

(1) One Type-C data cable: used to supply power to the Raspberry Pi.

(2) One HDMI cable: used to connect the monitor.

(3) One mouse: used to operate.

(4) One monitor

(5) One Raspberry Pi
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Connect the HDMI cable to the HDMI port of the monitor:
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Turn on the monitor switch, and connect the mouse to the USB port of the

Raspberry Pi, supply power to the Raspberry Pi with the Type-C data cable, then the

Raspberry Pi starts. After entering the system interface, we move the mouse cursor to

the " " in the upper right corner, then it will display the
IP address of the Raspberry Pi: 192.168.3.157 (the IP address of each Raspberry Pi is

different). It is necessary for you to record this IP address for it is needed to log in to

the Raspberry Pi system later.
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2.You can also open the command window of the Raspberry Pi and enter the

following command to view the following IP address, you need to write it down:

hostname -I

1.6.2.2 Getting the IP address of a Pi using your smartphone

1.You need to download an APP called "Fing" on your phone, as shown below:

2.After the download is complete, your phone and Raspberry Pi need to be in the

same local area network, that is, your phone and Raspberry Pi are connected to the

same WIFI, then open "Fing" and click "Scan for devices":
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Click“CONTINUE WITHOUT PERMISSION”：

Click OK：
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3.Wait for the scan to complete. In the list, you find a device named "Raspberry

Pi". In the lower left corner, you will see the IP address of the Raspberry Pi:

192.168.3.157. You need to write down this IP address.

1.6.3 Remotely logging in to the Raspberry Pi system

(1) Open the software on the desktop, as shown below:
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(2) Click "Session" in the upper left corner.

(3) Click "SSH".
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(4) Enter the IP address of the Raspberry Pi previously queried: 192.168.3.157,

and confirm with "OK".

(5) Enter the default account of Raspberry Pi: pi, then press Enter, and then enter

the default password of Raspberry Pi: raspberry. Press Enter to log in to the Raspberry

Pi system.
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(6) After successfully logging into the Raspberry Pi system, the following

interface will appear as shown below:

(7) The red box in the figure below is the command window, where you can

control the Raspberry Pi by entering commands.
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(8) When we close the MobaXterm software and then open it to connect to the

Raspberry Pi, we can double-click the IP address under the "User sessions" on the left:

192.168.3.157, enter the account name: pi. Then the Raspberry Pi will be directly

connected.

1.7 Download the code program to control the robot

After successfully logging in to the Raspberry Pi, we need to download the code

program to control the robot. We enter the following command in the console:
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sudo git clone https://github.com/adeept/adeept_alter.git

After the download is successful, you will see a new folder adeept_alter in the

file resource list on the left. This folder stores some very important program codes.

We will teach you how to use it in detail in the following courses.

1.8 Installing the relevant dependency libraries of the

robot

1. We have prepared a script program (setup.py) to install the dependent libraries

needed by the robot and set up operations such as turning on the camera and

automatically running at startup. This script program is in the directory of the

adeept_alter folder you downloaded. You need to enter the following command in the

command window of the Raspberry Pi to run it:

sudo python3 adeept_alter/setup.py

Press the "Enter" button and wait for the download and installation to complete.

2. After the download is complete, the following prompt will appear:
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3. After the installation is complete, the Raspberry Pi will automatically

disconnect the SSH connection and restart. At this time, if you are using the

Raspberry Pi to connect with Putty, MobaXterm and other software, there will be an

error message such as Network error: Software caused connection abort.Just close the

prompt.

1.9 Running the program of the Raspberry Pi robot

Raspberry Pi will automatically run the program of the robot product every time

it restarts. Specifically, every time it restarts, it will run

[RobotName]/server/webServer.py. Replace [RobotName] with the name of your

robot product program folder, but if without connecting the Raspberry Pi camera and

the driver board RobotHAT, webServer.py will not run successfully. This is a normal

phenomenon, because the program of the robot product needs to use the camera and

the PCA9685 chip. Our RobotHAT uses PCA9685 to control the servo.Raspberry Pi

communicates with PCA9685 with I2C. If RobotHAT is not installed on Raspberry Pi,

communication failure will occur when instantiating PCA9685's dependent library,

which will cause program error.

We can turn off the Raspberry Pi, install the camera module and RobotHAT, and

turn it on again, so that webServer.py can run successfully.

Under normal circumstances, there is no need for people to manually run

webServer.py, because every time the Raspberry Pi is turned on, webServer.py will be

run automatically.

You can open Google Chrome, enter the IP address of the Raspberry Pi and add:

5000 after it, press enter to jump to the Raspberry Pi web page, an example is shown

below:

http://192.168.3.157:5000

http://192.168.3.157:5000/
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If the page fails to open, you can log in to the Raspberry Pi by using SSH, and

use the following command to end the robot program that automatically runs on

startup to release resources. Otherwise, problems such as camera initialization failure

or port occupation will occur. Enter the following command in the command window:

sudo killall python3

Use the following command to manually run webServer.py:

sudo python3 adeept_alter/server/webServer.py

2.0 Editing the code program in Raspberry Pi

To view and edit the code program in the Raspberry Pi on the MobaXterm

terminal software, we provide two methods for reference.

The first is to use Linux commands. For example, if you need to view the code

program LED.py in this section of the course, then you can enter the following

commands in the console of the MobaXterm terminal:

sudo nano LED.py

1. In this way, you can view our code program. You can modify and edit the

code with the direction keys on the keyboard to realize the control function you want.

But you need to learn and search about the command operation method of Linux nano.

Here we provide several common operation commands about nano:

1. To save the modified program, you need to press the shortcut key Ctrl+O on the

keyboard

2. To exit the code editing interface, you need to press the shortcut key Ctrl+X on

the keyboard

3. To cut a line of code, you can use Ctrl+K

4. Paste the code, you can use Ctrl+U
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The second method is to use a third-party IDE tool to view and edit the code

program of this lesson. You can find the file you want to edit in the file resource

management system on the left side of MobaXterm, right-click the file, and click

Open with , Choose your IDE, we recommend you to use Sublime Text IDE, you need

to download it to edit files in the Raspberry Pi After editing:

http://www.sublimetext.com/3. In this way, you can use your favorite IDE to edit the

files in the Raspberry Pi. After editing, CTRL+S can save the files.
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When you need to save the modified file, you can press the shortcut key CTRL+S,

and then select Yes or Yes to all.
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Lesson 2 How to Control LED

In this lesson, we will learn how to control LED with Raspberry Pi.

2.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

Small LED light 1

2.2 Introduction of small warm color LED

The small warm color LED is a LED that can emit warm white light after being

lit. It has a working power of 0.5W, a working voltage of 5V/12V, and a light-emitting

angle of 60°. The red line represents the positive pole and the black line represents the

negative pole. The small LED needs to be connected to Port1, Port2, and Port3 on the

Robot HAT driver board to use
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2.3 Wiring diagram (Circuit diagram)

When the small warm color LED is used, it needs to be connected to the Port1,

Port2, and Port3 on the Robot HAT driver board, as shown in the red box:

2.4 How to control the small warm color LED

2.4.1Run the program of this course



56

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode

4. Enter the command to display the contents of the current directory:

ls

5. The 01ComponentCode folder stores the sample code of this course. Enter the
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command to enter this folder:

cd 01ComponentCode

6. Enter the command to display the contents of the current directory:

ls

7. The 01LED file is the sample code program of this lesson. You need to enter

this file before you can run this control program. Enter the command:

cd 01LED

8. LED.py is a python program.You can run this program on the Raspberry Pi by

directly by typing the following commands:

sudo python3 LED.py

9. After successfully running the program, you will observe that the small warm

color LED will light up.

10. If you want to terminate the running program, you can press the shortcut key

Ctrl+C on the keyboard.

2.4.2 The main code program of this lesson

After the above hands-on practice, you already know how to use and run our

course sample code program. You must be curious about how our code program is

programmed to control the LED on the Raspberry Pi. Let’s get to know the main code

program.

2.4.2.1 View and edit the code of this lesson

To view and edit our code program on Sublime IDE terminal software, we
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provide two methods for reference.

The first is to use Linux commands. For example, if you need to view the code

program LED.py of this section of the course, then you can enter the following

commands in the console of the MobaXterm terminal:

sudo nano LED.py

In this way, we can view the code program. You can modify and edit the code

through the direction keys on the keyboard to realize the control function you want.

But you need to learn and search about the command operation method of Linux nano.

Here we provide several common operation commands about nano:

1. To save the modified program, you need to press the shortcut key Ctrl+O on

the keyboard

2. To exit the program code interface, you need to press the shortcut key Ctrl+X

on the keyboard

3. To cut a line of code, you can use Ctrl+K

4. To paste the code, you can use Ctrl+U

The second method is to use a third-party IDE tool to view and edit the code
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program of this lesson. You can find the file you want to edit in the file resource

management system on the left of MobaXterm, right-click the file, and click Open

with , choose your IDE, we recommend you to use Sublime Text IDE, you need to

download it from: http://www.sublimetext.com/3, so that you can use the IDE you

want to edit the files in the Raspberry Pi. After editing, CTRL+S can save the files.
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If you need to save the modified file, you can press the shortcut key CTRL+S,

and then select Yes or Yes to all.
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2.4.2.1 Study the main code program of this lesson

1. First import the library used to control the Raspberry Pi GPIO, and instantiate

it as a GPIO while importing it.

2. Then set the Port1, Port2, and Port3 interfaces to the corresponding GPIO pin

numbers 5, 6, and 13 of the Raspberry Pi. Here we use BCM coding.

3. Turn on the Port1, Port2, and Port3 ports respectively. At this time, the small

warm color LED will light up for 3s. If you want the LED to stay on for a longer time,

you only need to change the number 3 of sleep(3) to other numbers.
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4.After 3s, turn off the Port1, Port2, and Port3 interfaces, and then the small

warm color LED connected to the Port interface will go out.

2.5 How to control the LED on Robot HAT driver board

When you study the content of this course, even if you do not use the Small LED

module, you can also learn this lesson by controlling the LED on the Robot HAT

driver board,because there is a green LED next to each interface: when the interface is

turned on, the LED next to the interface will light up, indicating that the interface is

on.

You can observe the status of the LED on the Robot HAT driver board by using

the method of "2.4 How to control the small warm color LED " above.
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Lesson 3 Displaying Text on the OLED Screen

In this lesson, we will learn how to display text on the OLED screen.

3.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

4 pin wire 1

OLED screen 1

3.2 Introduction ofOLED Screen

OLED (Organic Light-Emitting Diode), also known as organic electric laser

display, organic light emitting semiconductor (Organic Electroluminesence Display,

OLED). OLED is a kind of current-type organic light-emitting device, which

produces light by the injection and recombination of carriers, and the luminous

intensity is proportional to the injected current. The Alter robot uses an OLED screen

to display the expressions or some parameters of the robot. OLED Screen is a

commonly used module on robot products. Due to the black non-luminous feature of

OLED Screen, this type of screen has extremely high contrast. Even if the ambient

light is strong, you can see the information on the OLED Screen clearly, and the

power consumption is relatively low. We only need to connect the power supply and

the GPIO port to control it.
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If you want to use OLED Screen, you need to use a 4-pin cable with anti-reverse

interface to connect the OLED screen to the IIC interface on the Robot HAT.

If you do not use Robot HAT driver board to connect with Raspberry Pi driver

board, then you need to connect Vin of OLED screen to 5V or 3.3V of Raspberry Pi,

and connect GND of OLED screen to GND of Raspberry Pi. Connect SCL of Robot

HAT to SCL of OLED, and SCA of Robot HAT to SCA of Raspberry Pi. Please refer

to the pin definition diagram of Raspberry Pi for specific pins.

3.3 Wiring diagram (Circuit diagram)

If you want to use the OLED Screen module, you need to connect the IIC

interface on the Robot HAT driver board, as shown in the figure below:
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3.4 How to display text on the OLED screen

3.4.1Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):
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3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls

6. The 02OLEDtext folder stores the sample code of this course. Enter the

command to enter this folder:

cd 02OLEDtext

6. Enter the command to display the contents of the current directory:

ls

7. OLEDtext.py is a python program. When using the OLED Screen module, we need to

install the Python dependent library needed to control the OLED screen, called luma.oled library,

and enter the following commands in the console of the command window:
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sudo pip3 install luma.oled

8. OLEDtext.py is a python program.You can run this program on the Raspberry

Pi by directly typing the following commands:

sudo python3 OLEDtext.py

9. After successfully running the program, you will observe that "ROBOT" will

be displayed on the OLED screen.

10. If you want to terminate the running program, you can press the shortcut key

Ctrl+C on the keyboard.

3.4.2 The main code program of this lesson

After the above hands-on practice, you already know how to use and run our

course sample code program. You must be curious about how our code program is

programmed to display text on OLED screen on the Raspberry Pi. Let’s get to know

the main code program.We use sublime IDE to view and edit the code program of this

lesson. Please refer to the content of lesson 2 for specific methods.

1. First import the library used to control the OLED screen.

2. Then import the library used to control the delay time.
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3. Instantiate the object used to control the OLED.

4. Display the text "ROBOT" at the position (0, 20) on the OLED screen.
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Lesson 4 How to Control 180° Servo

In this lesson, we will learn how to control 180° Servo.

4.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

180°Servo 1

4.2 Introduction of 180° Servo

What is a servo?

The servo is a position (angle) servo driver, which is suitable for those control

systems that require constant angle changes and can be maintained. It has been widely

used in high-end remote control toys, such as airplanes, submarine models, and

remote control robots.

We use a 180° servo in this lesson, which can move between 0° and 180°. It is

used in the Alter Dog quadruped robot product of Alter's polymorphic products. Since

the 180° servo can use the PWM signal to control the rotation angle of a certain

mechanism, it is a more commonly used module in robot products. The walking robot,

robotic arm and pan/tilt are all driven by the it. It is used as a power unit for Alter

Dog,too.

On the Raspberry Pi driver board Robot HAT, there is a PCA9685 chip specially

used to control the servo. The Raspberry Pi uses I2C to communicate with the
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PCA9685. It controls the servo by sending pulse signals from the microcontroller.

These pulses tell the servo mechanism of the servo where to move. The picture of the

180° servo is as follows:

4.3 Wiring diagram (Circuit diagram)

When the 180°Servo module is in use, it needs to be connected to the servo

interface on the RobotHAT driver board. The yellow wire is connected to the yellow

pin, the red wire is connected to the red pin, and the brown wire is connected to black

pin,as shown below:
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4.4 How to control 180°Servo

4.4.1Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:
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ls

7. The 03Servo180 folder stores the sample code of this course. Enter the

command to enter this folder:

cd 03Servo180

6. Enter the command to display the contents of the current directory:

ls

7. When using the 180°Servo module, we need to install the Python dependency library

needed to control the 180°Servo: Adafruit_PCA9685, enter the following command in the console

of the command window:

sudo pip3 install adafruit-pca9685

8. 180Servo_01.py is a python program.You can run this program on the

Raspberry Pi by directly by typing the following commands:

sudo python3 180Servo_01.py

9. After successfully running the program, you will observe that the servo will

rotate regularly.

10. If you want to terminate the running program, you can press the shortcut key

Ctrl+C on the keyboard.

4.4.2 The main code program of this lesson

After the above hands-on practice, you already know how to use and run our
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course sample code program. Then you must be curious to know how our code

program is programmed on the Raspberry Pi to control the 180° servo. Let's learn

about the main code program together. Here we use Sublime IDE to view and edit the

code program of this course. Please refer to the content of Lesson 2 for the specific

method.

In the above code, set_pwm_freq(50) is used to set the frequency of PWM to

50Hz. This setting depends on the model of the servo. The servo used by our robot

products needs to be controlled by a 50Hz PWM signal. If you use other servos, we

need to refer to the specific servo documentation to set this value.

pwm.set_pwm(3, 0, 300) is used to control the rotation of a servo to a certain

position. 3 is the port number of the servo, which corresponds to the number marked

on the RobotHAT drive board.Pay attention to the occasion that do not insert the

ground wire, VCC and signal wire in the reverse direction when connecting the servo

with the driver board. Brown to black, red to red, and yellow to yellow; 0 is the

deviation value for controlling the rotation of the servo, but our program does not use

this function to correct the deviation (the reason for the error of the servo can be

referred to 4.2 precautions for structural assembly); 300 is the PWM duty cycle value

to be set. Depending on the servo, the servo angle represented by this value is also

different. The PWM duty cycle range of the servo we use is about 100 to 560, which

corresponds to a rotation range of about 0° to 180°.

The above code cannot control the rotation speed of the servo. If we want a servo
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to slowly reciprocate between two positions, we need to use the method of increasing

or decreasing the variable to control it.

Using the above code can make the servo rotate slowly back and forth between

300 and 400, but this method of controlling the servo also has great drawbacks. When

the program is executed to the slow motion part of the servo, it will be blocked, which

will seriously affect the program. Therefore, a multi-threaded solution is provided in

our robot product program to solve this problem.
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Lesson 5 How to Control WS2812 LED

In this lesson, we will learn how to control WS2812 LED.

5.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

3 pin wire 1

WS2812 RGB LED 1

5.2 Introduction ofWS2812 RGB LED

WS2812 RGB module is a low-power RGB tri-color lamp with integrated current

control chip. Its appearance is the same as a 5050LED lamp bead, and each element is

a pixel. The pixel contains an intelligent digital interface data latch signal shaping

amplifier driving circuit, and also contains a high-precision internal oscillator and a

12V high-voltage programmable constant current control part, which effectively

guarantees that the color of the pixel light is highly consistent.

WS2812 LED is a very commonly used module on our robot products. There are

three WS2812 LEDS on each module. Pay attention to the direction of the signal line
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when connecting. The signal line needs to be connected to the “IN” port of WS2812

LED after being led from the Raspberry Pi. When the next WS2812 LED needs to

be connected, we connect a signal wire drawn from the "OUT" port of the previous

WS2812 LED with the "IN" port of the next WS2812 LED.

When using the Raspberry Pi to install the driver board RobotHAT, the WS2812

LED can be connected to the WS2812 interface on the RobotHAT using a 3pin cable.

We use a third-party library [rpi_ws281x] to control the WS2812 LED. You can

learn about it via https://github.com/richardghirst/rpi_ws281x.

If you connect the WS2812 LED to the WS2812 interface of RobotHAT, the

signal line is equivalent to connecting to the GPIO 12 of the Raspberry Pi.

5.3 Wiring diagram (Circuit diagram)

When the WS2812 LED is in use, the IN port needs to be connected to the

WS2812 port on the RobotHAT driver board, as shown in the figure below:
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5.4 How to control WS2812 LED

5.4.1Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:
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ls

8. The 04WS2812 folder stores the sample code of this course. Enter the

command to enter this folder:

cd 04WS2812

6. Enter the command to display the contents of the current directory:

ls

7. WS2812.py is a python program. When using the WS2812 module, we need to install the

Python dependency library needed to control the WS2812 module. Enter the following command

in the console of the command window:

sudo pip3 install rpi-ws281x

8. WS2812.py is a python program.You can run this program on the Raspberry Pi

by directly by typing the following commands:

sudo python3 WS2812.py

9. After running the program successfully, you will observe that the WS2812

LED is cyclically switching between red, green and blue.

10. If you want to terminate the running program, you can press the shortcut key

Ctrl+C on the keyboard.

5.4.2 The main code program of this lesson

After the above hands-on operation, you already know how to use and run our
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course sample code program. Then you must be curious about how our code program

is programmed to control WS2812 on the Raspberry Pi. Let's get to know main code

program. Here we use Sublime IDE to view and edit the code program of this course.

Please refer to the content of Lesson 2 for the specific method.

1. First import the library used to control WS2812.

2. Construct LED control class.

In class LED, set the total number of LEDS on the robot product with

self.LED_COUNT=16.

Set as the input pin number of the LED group.

This function is used to change the color of the LED.

Only one LED color can be set at a time, so a loop is required.
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After calling the show() method, the color will actually be changed.

3.Instantiate the object and execute the method function. The function

colorWipe() needs to be input three parameters, which are R, G, B, corresponding to

the brightness of the three primary colors of light, red, green and blue. The value

range is 0-255, the larger the value, the higher the brightness of the corresponding

color channel. If the values of the three color channels are the same, white light will

be emitted. The specific examples are as follows:

4. If you need to display other colors, you can modify the parameter values in the

colorWire (R, G, B) method. We provide several commonly used RGB color values

for reference.
Color Name R G B

Black 0 0 0

Blue 0 0 255

Green 0 255 0

Cyan 0 255 255

Red 255 0 0

Yellow 255 255 0

White 255 255 255



81

Lesson 6 How to Control 360° Servo

In this lesson, we will learn how to control 360° Servo.

6.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

360°Servo 1

6.2 Introduction of 360° Servo

What is a servo?

The servo is a position (angle) servo driver, which is suitable for those control

systems that require constant angle changes and can be maintained. It has been widely

used in high-end remote control toys, such as airplanes, submarine models, and

remote control robots.

We use a 360° servo in this lesson, which can move between 0° and 360°. It is

used in Alter Classic Car wheeled robot products of Alter multi-form products. Since

the 360° servo can use the PWM signal to control the rotation angle of a certain

mechanism, it is a more commonly used module in robot products. The walking robot,

robotic arm and pan/tilt are all driven by the it. It is also used as the power unit of

Alter Classic Car.

On the Raspberry Pi driver board Robot HAT, there is a PCA9685 chip specially

used to control the servo. The Raspberry Pi uses I2C to communicate with the
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PCA9685. It controls the servo by sending pulse signals from the microcontroller.

These pulses tell the servo mechanism of the servo where to move. The picture of the

360° servo is as follows:

【Attention】

1. The biggest difference between 360° servo and ordinary 180° servo is that the

360° servo can continuously rotate, but it cannot control the angle. It can use the

PWM signal to control the speed and rotation direction.

2. Connect the 360° servo to the Robot HAT's PWM ports 8, 9, 10, and 11 in the

Alter series product program.

3. If you want to control the 360°servo by using a program written by yourself,

you can connect the 360°servo to any PWM port.

Control principle of 360°servo:

The direction and speed of the 360°servo can be controlled by adjusting the

corresponding PWM port signal connected to the 360°servo.

When the PWM signal is less than a certain value, the 360°servo starts to rotate in

one direction.The smaller the value, the faster the rotation speed; when the PWM

signal is greater than a certain value, the 360°servo starts to rotate in the other

direction.The larger the value, the faster the rotation speed.

The PWM value of each 360°servo at the beginning of rotation is different, so the

two starting values of each 360°servo must be set respectively.
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6.3 Wiring diagram (Circuit diagram)

When the 360°Servo module is in use, it needs to be connected to the servo

interface on the Robot HAT drive board. The 360° servo is connected to the Robot

HAT's PWM ports 8, 9, 10, 11, and the yellow wire is connected to the yellow pin, the

red wire is connected to the red pin, and the brown wire is connected to the black pin,

as shown in the figure below:

6.4 How to control 360°Servo

6.4.1Run the program of this course

1. Open the terminal software MobaXterm:
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2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls

5.The 03Servo360 folder stores the sample code of this course. Enter the

command to enter this folder:
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cd 05Servo360

6. When using the 360°Servo module, we need to install the Python dependency

library needed to control 360°Servo: Adafruit_PCA9685, and enter the following

command in the console of the command window:

sudo pip3 install adafruit-pca9685

7. There are two python programs, ctrlServo.py and startPWM.py, enter the

command to view the contents of the current directory:

ls

8. ctrlServo.py can control the rotation of the servo, directly enter the following

commands to run this program on the Raspberry Pi:

sudo python3 ctrlServo.py

9. After successfully running the program, you will observe that the 360°servo

will rotate clockwise and counterclockwise.

10.startPWM.py controls the direction and speed of the 360 servo by adjusting

the corresponding PWM port signal connected to the 360 servo. Then enter the

following command to run this program on the Raspberry Pi:

sudo python3 startPWM.py

After entering the above command, you need to enter the letter ‘w’ or ‘s’ in the

command line, and press the Enter key to display a value, which is the analog value of

the PWM.

When you enter the letter'w' and press Enter, the PWM value will increase by 1.
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When the PWM signal is greater than a certain value (you need to write down this

data), the 360 servo starts to move in another direction (clockwise or

counterclockwise).The larger the value, the faster the rotation speed.

Enter the letter's' and press Enter, the PWM value will decrease by 1. When the

PWM signal is reduced to less than a certain value (you need to write down this data),

the 360 servo starts to move in another direction.(clockwise or counterclockwise) The

smaller the value, the faster the rotation speed

11. If you want to terminate the running program, you can press the shortcut key

Ctrl+C on the keyboard.

6.4.2 The main code program of this lesson

After the above hands-on practice, you already know how to use and run our

course sample code program. Then you must be curious to know how our code

program is programmed on the Raspberry Pi to control the 360° servo. Let's learn

about the main code program together. Here we use Sublime IDE to view and edit the

code program of this course. Please refer to the content of Lesson 2 for the specific

method.
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(1) Let's first learn the program startPWM.py.

1. Import the library Adafruit_PCA9685 that controls the servo.

2. Instantiate the servo control object pwm, and set the PWM frequency of the

servo to 50 (the frequency is not the duty cycle).

3. Define an initial PWM value with initPWM = 320. When you press ctrl+c to

exit the operation, the PWM value of the corresponding interface will be set back to

this initial value; ctrlPort = 8 sets the PWM port connected to the servo, fill in 8 here

then the servo will be connected to the 8th PWM port.

4. Obtain keyboard input instructions with commandInput = input(). If the input

is'w', the PWM value will increase by 1; if the input is's', the PWM value will

decrease by 1; set the PWM value of the ctrl servo port to the new one with

pwm.set_pwm(ctrlPort, 0, setPWM), print out the new PWM value.

If you want to run the above program, you need to enter ‘w’ in the command line

and press Enter, the PWM value will increase by 1, and after typing ‘s’ and press

Enter, the PWM value will decrease by 1. After increasing or decreasing to a certain

value, the wheel starts to rotate slowly. Write down this number, you need to record

two numbers, one large and one small. They correspond to the initial PWM value

when the wheel starts to rotate in two directions.
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(2) Then let's learn the code program ctrlServo.py.

1. Import the library Adafruit_PCA9685 that controls the servo.

2. Instantiate the servo control object pwm, and set the PWM frequency of the

servo to 50 (the frequency is not the duty cycle).

3. Set the PWM port that the servo is connected to. Fill in 8 here to connect the

servo to the 8th PWM port.

4. startMoveA = 339 is the value at which the 360°servo starts to rotate when you

enter'w’; startMoveB = 314 is the value at which the 3360°servo starts to rotate when

you enter's’.

5. When the parameter direction in the ctrlServo(direction, speed=0) method is 1

and -1, it means to control the direction of rotation of the servo. When it is 0, the

servo will stop rotating; the parameter speed means the import speed. If it is not

imported, the value is 0 by default.

6. Import the parameters according to the position, the first is direction, and the

second is speed.
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7. Import according to the parameter name, the position can be arbitrary.

8. If the speed parameter is not imported, speed is the default value.
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Lesson 7 How to Control DC Motor

In this lesson, we will learn how to control DC Motor.

7.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

DC Motor 1

7.2 The introduction of DC Motor

Alter robot products use DC motor as a power device. DC motor is a device that

converts DC electrical energy into mechanical energy. It is widely used to drive

various equipment, such as electric fans, remote control cars, electric windows,

etc.The DC motor is very suitable as the walking mechanism of the robot.

7.3 Wiring diagram (Circuit diagram)

When the DC Motor module is in use, it needs to be connected to the motorA or

motorB interface on the Robot HAT drive board. The yellow wire is connected to the

yellow pin, the red wire is connected to the red pin, and the brown wire is connected

to the black pin, as shown below:
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7.4 How to control Motor

7.4.1Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):
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3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls

5.The 06Motor folder stores the sample code of this course. Enter the command

to enter this folder:

cd 06Motor

6. Enter the command to display the contents of the current directory:

ls

7. Motor.py is a python program.You can run this program on the Raspberry Pi by

directly by typing the following commands:

sudo python3 Motor.py
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8. After successfully running the program, you will observe that the Motor will

rotate regularly.

9. If you want to terminate the running program, you can press the shortcut key

Ctrl+C on the keyboard.

7.4.2 The main code program of this lesson

After the above hands-on practice, you already know how to use and run our

course sample code program. You must be curious about how our code program is

programmed to control the DC Motor on the Raspberry Pi. Let’s get to know the main

code program.Here we use Sublime IDE to view and edit the code program of this

lesson, please refer to the content of lesson 2 for specific methods.

1. Import related dependencies and initialize.

Motor_EN = 4, Motor_Pin1 = 26, Motor_Pin2 = 21 are the parameters of the

corresponding interface motorA.

If you need to change to MotorB, then you can modify it as shown below:
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2. Start the motor. The pwm_A.start(100) is used to start the PWM; the

pwm_A.ChangeDutyCycle(100) method is used to adjust the duty cycle and speed.

3. Control the motor to rotate in the opposite direction. By switching high and

low levels (HIGH and LOW), the motor rotates in the opposite direction. The

GPIO.cleanup() method clears the occupied GPIO port and turns off the motor.
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Lesson 8 How to Read the Data of MPU6050

In this lesson, we will learn how to read the data of MPU6050.

8.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

MPU6050 1

8.2 The introduction of MPU6050

MPU-6050 is the world's first integrated 6-axis MotionTracking device. It

integrates a 3-axis MEMS gyroscope, a 3-axis MEMS accelerometer, and a scalable

digital motion processor DMP (Digital Motion Processor). We can use an I2C

interface to connect a third-party digital sensor, such as a magnetometer. After

expansion, it can output a 9-axis signal through its I2C or SPI interface (SPI interface

is only available on MPU-6000). MPU-6050 can also connect non-inertial digital

sensors through its I2C interface, such as pressure sensors.

The MPU-6050 uses three 16-bit ADCs for the gyroscope and accelerometer

respectively, and it converts the analog quantity into a digital quantity that can be

output. The gyroscope can measure angular velocity, and the accelerometer can

measure acceleration. In order to accurately track fast and slow movements, the

measurement range of the sensor is controllable. The gyro measurement range is ±250,

±500, ±1000, ±2000°/sec (dps), and the accelerometer measurement range is ±2 , ±4,
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±8, ±16g (gravity acceleration).

The MPU6050 has an on-chip 1024-byte FIFO, which helps reduce system

power consumption. It communicates with all device registers using 400kHz I2C

interface. In addition, a temperature sensor and an oscillator with only ±1% variation

in the working environment are embedded on the MPU6050 chip. And there are

programmable low-pass filters.

8.3 Wiring diagram (Circuit diagram)

When the MPU6050 module is in use, it needs to be connected to the MPU6050

interface on the Robot HAT drive board, as shown in the figure below:
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8.4 How to read the data of MPU6050

8.4.1Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:
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ls

5.The 07MPU6050 folder stores the sample code of this course. Enter the

command to enter this folder:

cd 07MPU6050

6. Enter the command to display the contents of the current directory:

ls

7. MPU6050.py is a python program.When using the MPU6050 module, we need

to download the mpu6050-raspberrypi library and enter the following command:

sudo pip3 install mpu6050-raspberrypi

8. After the download is successful, we also need to enable the I2C function, need

to enter raspi-config to set up, you need to enter the following command:

sudo raspi-config

9. Press the Enter key to confirm, enter the raspi-config configuration interface as

follows, we can use the up, down, left, and right keys on the keyboard to operate, by

the up and down arrow keys we select the fifth item: Interfacing Options: configure

the connection of peripheral devices. Select "<select>" by the left and right arrow

keys and press Enter to confirm.
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10. Then continue to enter the "Interfacing Options" interface, we select the fifth

item "P5 I2C", select "<select>" with the left and right arrow keys, and press Enter to

confirm.

11. Then the options in the figure below will pop up, we select "<Yes>" with the

left and right arrow keys:

12. Select "<Yes>", press Enter to confirm, an option box will pop up, continue to
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press Enter to confirm:

13. After confirming, it will jump back to the main interface. We select

"<Finish>" with the left and right arrow keys, and press the enter key to confirm. At

this time, then we will return to the command window after completing the settings.

14. Directly enter the following commands to run MPU6050.py on the Raspberry

Pi:

sudo python3 MPU6050.py

15. After running the program successfully, you will observe some data. The data

from left to right are the data of the X, Y, and Z axis of the MPU6050 sensor.



101

16. When you want to terminate the running program, you can press the shortcut

key Ctrl+C on the keyboard.

8.4.2 The main code program of this lesson

After the above hands-on practice, you already know how to use and run our

course sample code program. You must be curious about how our code program is

programmed to read the data of MPU6050 on the Raspberry Pi. Let’s get to know the

main code program.Here we use Sublime IDE to view and edit the code program of

this lesson, please refer to the content of lesson 2 for specific methods.

1. Import the dependent libraries of MPU6050.

2. Obtain data from MPU6050 sensor.

3. Read the data of X, Y, Z axis respectively.

4. Print out the acquired X, Y, Z axis data every 0.5s.
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Lesson 9 Playing Animation on the OLED Screen

In this lesson, we will learn how to play animation on the OLED screen..

9.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

OLED screen 1

4 pin wire 1

9.2 Introduction ofOLED Screen

OLED (Organic Light-Emitting Diode), also known as organic electric laser

display, organic light emitting semiconductor (Organic Electroluminesence Display,

OLED). OLED is a kind of current-type organic light-emitting device, which

produces light by the injection and recombination of carriers, and the luminous

intensity is proportional to the injected current. The Alter robot uses an OLED screen

to display the expressions or some parameters of the robot. OLED Screen is a

commonly used module on robot products. Due to the black non-luminous feature of

OLED Screen, this type of screen has extremely high contrast. Even if the ambient

light is strong, you can see the information on the OLED Screen clearly, and the

power consumption is relatively low. We only need to connect the power supply and

the GPIO port to control it.
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If you want to use OLED Screen, you need to use a 4-pin cable with anti-reverse

interface to connect the OLED screen to the IIC interface on the Robot HAT.

If you do not use Robot HAT driver board to connect with Raspberry Pi driver

board, then you need to connect Vin of OLED screen to 5V or 3.3V of Raspberry Pi,

and connect GND of OLED screen to GND of Raspberry Pi. Connect SCL of Robot

HAT to SCL of OLED, and SCA of Robot HAT to SCA of Raspberry Pi. Please refer

to the pin definition diagram of Raspberry Pi for specific pins.

9.3 How to play animation on OLED screen

9.3.1 How to play animation on OLED screen

1. First use Python to generate a PPM sequence string.

2. Then play the PPM sequence string.

9.3.2 PPM format file generation

1. The OLED screen can display images, and the image format needs to be PPM
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format.

2. The principle of animation is to play multiple images per second.

3. First, draw a few pictures in jpg format (the ones you want to display) in the

PC and put them in the same folder (jpg). Note that these pictures need a pure black

background.

4. Then create a new folder named ppm.

5. Finally, create a new ppmGenout.py outside the folder, this program is

responsible for generating PPM sequence strings.

6. It is also necessary to create another oledPlay.py, which is responsible for

playing the PPM sequence string that has been generated.

7. This program can be executed on Raspberry Pi or other computers, and

Python3 and pillow library need to be installed.

9.4 Wiring diagram (Circuit diagram)

When the OLED Screen module is in use, it needs to be connected to the IIC

interface on the Robot HAT driver board, as shown below:
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9.5 How to play animation on OLED screen

9.5.1Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:
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ls

5.The 08OLED_Cartoon folder stores the sample code of this course. Enter the

command to enter this folder:

cd 08OLED_Cartoon

6. Enter the command to display the contents of the current directory:

ls

7. It can be found that there are four files.These are the reference cases we

provide.If you want to realize your own creativity, you can also imitate this method.

The "jpg" folder is to store pictures in jpg format that have been drawn (if you want to

play other pictures, then you can put the pictures in this folder). Note that these

pictures need a pure black background; "ppm" is a folder that needs to be established,

named ppm, and the inside is empty; "ppmGenout.py" is a python program that

generates PPM sequence strings from pictures in jpg format. After running it, a

sequence string in ppm format will be generated in the "ppm" folder. "OledPlay.py" is

a code program for playing PPM sequence strings.

9.5.1.1 First generate PPM sequence string

1. Before running the program, you need to install the pillow library. Enter the

following command:

pip install pillow

2. Run ppmGenout.py to directly generate the PPM sequence string. Enter the

following command to run the ppmGenout.py program on the Raspberry Pi:

sudo python3 ppmGenout.py
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3. Then in the file explorer on the left side of MobaXterm, open the folder "ppm"

of this lesson in the directory:

alter/02CourseCode/01ComponentCode/08OLED_Cartoon/01ppmGenout

This folder was empty before. After you successfully run ppmGenout.py, many ppm

sequence strings will be generated inside, as shown below:

9.5.1.2 Play the generated PPM sequence string

1. When using the OLED Screen module, we need to install the Python

dependency library required to control the OLED screen, called the luma.oled library,

and enter the following commands in the console of the command window:

sudo pip3 install luma.oled
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2. After successfully generating the PPM sequence string, you need to run the

oledPlay.py program again, so that the animation will be displayed on the OLED

screen:

sudo python3 oledPlay.py

3. After running the program successfully, you will observe that an animation will

be played on the OLED screen.

4. When you want to terminate the running program, you can press the shortcut

key Ctrl+C on the keyboard.

9.5.2 The main code program of this lesson

After the above hands-on practice, you already know how to use and run our

course sample code program. You must be curious about how our code program is

programmed to play animation on OLED screen on the Raspberry Pi. Let’s get to

know the main code program.We use Sublime IDE to view and edit the code program

of this lesson. Please refer to the content of lesson 2 for specific methods.

9.5.2.1. Let's first learn the program ppmGenout.py that

generates PPM sequence strings

First import the location of jpg and ppm images

Get the file names of all jpg images in the jpg folder.
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Convert the pictures in the "jpg" folder one by one. First open a jpg image.

Delete the suffix .jpg from the original name, and re-modify it to the suffix .ppm,

so that it becomes a file of ppm sequence.

9.5.2.1. Learn to play the program of PPM sequence string

oledPlay.py

Import OLED screen related libraries.

Import the library for image processing.

Obtain the absolute path of this file.

Initialize the OLED screen.

Set the playback frame rate.

Calculate the delay time per frame according to the playback frame rate.
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Clear the screen.

All images will be stored in this array.

tell the program where you put the ppm sequence

Get the names of all frames in this folder.

Sort these files by name.

Import these frames, then open the file in PPM format and binarize it with

convert('1'); store the converted image into LaughImage.

Displaying images frame by frame is equivalent to playing a cartoon.
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Lesson 10 Displaying the Data of MPU6050 on the

OLED Screen

In this lesson, we will learn how to display the data of MPU6050 on the OLED

screen.

10.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

MPU6050 1

10.2 The introduction of MPU6050

MPU-6050 is the world's first integrated 6-axis MotionTracking device. It

integrates a 3-axis MEMS gyroscope, a 3-axis MEMS accelerometer, and a scalable

digital motion processor DMP (Digital Motion Processor). We can use an I2C

interface to connect a third-party digital sensor, such as a magnetometer. After

expansion, it can output a 9-axis signal through its I2C or SPI interface (SPI interface

is only available on MPU-6000). MPU-6050 can also connect non-inertial digital

sensors through its I2C interface, such as pressure sensors.

The MPU-6050 uses three 16-bit ADCs for the gyroscope and accelerometer

respectively, and it converts the analog quantity into a digital quantity that can be

output. The gyroscope can measure angular velocity, and the accelerometer can
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measure acceleration. In order to accurately track fast and slow movements, the

measurement range of the sensor is controllable. The gyro measurement range is ±250,

±500, ±1000, ±2000°/sec (dps), and the accelerometer measurement range is ±2 , ±4,

±8, ±16g (gravity acceleration).

The MPU6050 has an on-chip 1024-byte FIFO, which helps reduce system

power consumption. It communicates with all device registers using 400kHz I2C

interface. In addition, a temperature sensor and an oscillator with only ±1% variation

in the working environment are embedded on the MPU6050 chip. And there are

programmable low-pass filters.

10.3 Wiring diagram (Circuit diagram)

When the MPU6050 module is in use, it needs to be connected to the MPU6050

interface on the Robot HAT drive board, as shown in the figure below:
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10.4 How to read the data of MPU6050

10.4.1Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):
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3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls

5.The 09OLED_MPU6050 folder stores the sample code of this course. Enter the

command to enter this folder:

cd 09OLED_MPU6050

6. Enter the command to display the contents of the current directory:

ls

7. OLED_MPU6050.py is a python program.When using the MPU6050 module,

we need to download the mpu6050-raspberrypi library and enter the following

command:
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sudo pip3 install mpu6050-raspberrypi

8. When using the OLED Screen module, we need to install the Python

dependency library needed to control the OLED screen, called the luma.oled library,

and enter the following commands in the console of the command window:

sudo pip3 install luma.oled

9. After the download is successful, we also need to start the I2C function, need

to enter raspi-config to set up, and enter the following command:

sudo raspi-config

10. Press the Enter key to confirm, enter the raspi-config configuration interface

as follows, we can use the up, down, left, and right keys on the keyboard to operate,

by the up and down arrow keys we select the fifth item: Interfacing Options:

configure the connection of peripheral devices. Select "<select>" by the left and right

arrow keys and press Enter to confirm.

11. Then continue to enter the "Interfacing Options" interface, we select the fifth
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item "P5 I2C", select "<select>" with the left and right arrow keys, and press Enter to

confirm.

12. Then the options in the figure below will pop up, we select "<Yes>" with the

left and right arrow keys:

13. Select "<Yes>", press Enter to confirm, an option box will pop up, continue to

press Enter to confirm:
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14. After confirming, it will jump back to the main interface. We select

"<Finish>" with the left and right arrow keys, and press the enter key to confirm. At

this time, then we will return to the command window after completing the settings.

15. Directly enter the following commands to run OLED_MPU6050.py on the

Raspberry Pi:

sudo python3 OLED_MPU6050.py

16. After running the program successfully, you will observe some data on the

OLED screen. The data from up to down are the data of the X, Y, and Z axis of the

MPU6050 sensor.

17. When you want to terminate the running program, you can press the shortcut

key Ctrl+C on the keyboard.
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10.4.2 The main code program of this lesson

After the above hands-on practice, you already know how to use and run our

course sample code program. You must be curious about how our code program is

programmed to read the data of MPU6050 on OLED screen on the Raspberry Pi.

Let’s get to know the main code program.Here we use Sublime IDE to view and edit

the code program of this lesson, please refer to the content of lesson 2 for specific

methods.

1. Import MPU6050 and the library used to control the OLED screen.

2. Obtain data from MPU6050 sensor.

3. Read the data of X, Y, Z axis respectively.

4. Display the acquired X, Y, Z axis data on the OLED screen.
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Lesson 11 Flask-based Camera Real-time Image

Transmission

In this lesson, we will learn real-time image transmission based on flask camera.

11.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

Camera Module 1

11.2 Introduction of Camera Module

Camera (CAMERA or WEBCAM) is a video input device, which is widely used

in video conferencing, telemedicine and real-time monitoring. The camera (webcam)

generally has basic functions such as video camera/transmission and static image

capture. After the image is captured by the lens, the image is processed by the

photosensitive component circuit and control component in the camera and converted

into a digital number that the computer can recognize.Then input to the computer via

the parallel port or USB connection and then restore the image by the software.

We provide a 5 million pixel camera module, which uses manual focus, and the

operating voltage range is 1.7V~3.3V.

There are many ways to transmit the images captured by the Raspberry Pi camera

to other devices by the network. In the Alter robot product, we use the open source

project [flask-video-streaming] from the MIT open source protocol on Github.You
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can view the source code of the project via this web link:

https://github.com/miguelgrinberg/flask-video-streaming. Why did we choose to use

flask-video-streaming? It is because the flask-video-streaming solution is the most

convenient, stable and most efficient among many solutions we have practiced,and

the part of OpenCV it involves also has a good interface that can be rewritten into

multi-threaded processing.

11.3 Wiring diagram (Circuit diagram)

11.4 Turn on the real-time image function of the camera

11.4.1Run the program of this course

1. Open the terminal software MobaXterm:
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2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls

5.The 10flask_streaming folder stores the sample code of this course. Enter the

command to enter this folder:
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cd 10flask_streaming

6. Enter the command to display the contents of the current directory:

ls

7. Since this project needs to use Flask and related dependent libraries, you need

to enter the following command to download:

sudo pip3 install flask

sudo pip3 install flask_cors

9. After the download is successful, you need to run the app.py program and enter

the following command (you can ignore the red warning that appears):

sudo python3 app.py

10. Open the browser on the device (computer, tablet, mobile phone, etc.) in the

same LAN as the Raspberry Pi (we recommend using Google Chrome), and enter the

IP address and video stream port number of the Raspberry Pi in the address bar: 5000 ,

As shown in the following example:

11. You can see the video surveillance page on the browser of your computer or

mobile phone, as shown below:
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Lesson 12 Real-time Image Transmission Based on

OpenCV and zmq Camera

In this lesson, we will learn real-time image transmission based on OpenCV and

zmq camera.

12.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Camera Module 1

12.2 Introduction of Camera Module

Camera (CAMERA or WEBCAM) is a video input device, which is widely used

in video conferencing, telemedicine and real-time monitoring. The camera (webcam)

generally has basic functions such as video camera/transmission and static image

capture. After the image is captured by the lens, the image is processed by the

photosensitive component circuit and control component in the camera and converted

into a digital number that the computer can recognize.Then input to the computer via

the parallel port or USB connection and then restore the image by the software.

We provide a 5 million pixel camera module, which uses manual focus, and the

operating voltage range is 1.7V~3.3V.

There are many ways to transmit the images captured by the Raspberry Pi camera

to other devices by the network. In the Alter robot product, we use the open source

project [flask-video-streaming] from the MIT open source protocol on Github.You
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can view the source code of the project via this web link:

https://github.com/miguelgrinberg/flask-video-streaming. Why did we choose to use

flask-video-streaming? It is because the flask-video-streaming solution is the most

convenient, stable and most efficient among many solutions we have practiced,and

the part of OpenCV it involves also has a good interface that can be rewritten into

multi-threaded processing.

12.3 Wiring diagram (Circuit diagram)

12.4 Real-time image function based on OpenCV and zmq

camera

This lesson introduces real-time video transmission, which can transmit the

images collected by the camera to other places in real time for displaying images or

handing it to the host computer for machine vision processing.

The software functions of this lesson are based on opencv, numpy, zmq (read

Zero MQ) and base64 libraries. You need to install these libraries.

OpenCV is a cross-platform computer vision and machine learning software
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library based on the BSD license (open source) that can run on Linux, Windows,

Android and Mac OS operating systems. It is lightweight and efficient—consisting of

a series of C functions and a small number of C++ classes. It also provides interfaces

to languages such as Python, Ruby, and MATLAB, and it implements many common

algorithms in image processing and computer vision. OpenCV mainly tends to

real-time vision applications.

ZMQ (ZeroMQ for short ZMQ) is a simple and easy-to-use transport layer. It is a

socket library like a framework, which makes Socket programming simpler, more

concise and higher performance. It is a message processing queue library that can be

flexibly scaled between multiple threads, cores and mainframe boxes. The clear goal

of ZMQ is to "become a part of the standard network protocol stack and then enter the

Linux kernel." Although we have not seen their success yet, it is undoubtedly a very

promising and a layer of encapsulation on top of the "traditional" BSD sockets that

people need more. ZMQ makes writing high-performance network applications

extremely simple and fun.

NumPy (Numerical Python) is an open source numerical computing extension of

Python. This tool can be used to store and process large matrices, which is much more

efficient than Python's own nested list structure (the structure can also be used to

represent matrices), and it supports a large number of dimension arrays and matrices.

In addition, it also provides a large number of mathematical function libraries for

array operations.

Base64 is one of the most common encoding methods used to transmit 8Bit

bytecode on the Internet. Base64 is a method of representing binary data based on 64

printable characters. You can view RFC2045 ～ RFC2049, which have detailed

specifications of MIME. Base64 encoding is a process from binary to character,

which can be used to transfer longer identification information in the HTTP

environment. Using Base64 encoding is unreadable and needs to be decoded before

reading. Base64 is widely used in various fields of computer due to the above

advantages. However, because the output includes more than two "symbol" characters
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(+, /, =), different application scenarios have developed various "variants" of Base64.

In order to unify and standardize the output of Base64, Base62x is regarded as an

improved version of unsigned.

12.4.1 Install OpenCV

(1) Install OpenCV on the PC

1. First open the Windows Command prompt (Command prompt), enter cmd in

the search bar in the lower left corner to open the Command prompt.

You can install via this command.

pip3 install opencv-contrib-python
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(2) Install OpenCV on Linux

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls
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5.The 11OpenCV_zmq folder stores the sample code of this course. Enter the

command to enter this folder:

cd 11OpenCV_zmq

6. Enter the following command to install OpenCV:

sudo apt-get install -y libopencv-dev python3-opencv

【Attention】

If there is a prompt after entering the command: E: Unable to locate package

python3-opencv

Then you need to enter the following command first:

sudo apt-get update

After the update is complete, you can download OpenCV by typing the following

command.

sudo apt-get install -y libopencv-dev python3-opencv

12.4.2 Install zmq and Base64

(1) Install zmq and Base64 on the PC
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Enter the following command in the cmd window that opens:

pip3 install zmq pybase64

(2) Install zmq and Base64 on Linux

Enter the following command in the terminal command window:

sudo pip3 install zmq pybase64

12.4.3 Install NumPy

(1) Install NumPy on the P

Enter the command in the cmd which is opened: pip3 install numpy

(2) Install NumPy on Linux

Enter the following command in the terminal command window:

sudo pip3 install numpy

12.5 About programs of runPC.py and runPI.py

12.5.1 Run the runPI.py program in the Raspberry Pi first

1. The 11OpenCV_zmq folder stores the sample code of this lesson, enter the
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command to enter this folder:

cd 11OpenCV_zmq

2. Enter the command to display the contents of the current directory:

ls

3. The runPC.py program is run on the PC side, and the runPI.py program is run

on the Raspberry Pi. We need to run the runPI.py program on Linux first. This python

program is used to capture images from the camera. It encodes the captured images

and sends them to the receiving end (PC end) of the video, so we run runPI.py on the

Raspberry Pi.

4. Let's first learn about the program runPI.py, which is opened by default with

Sublime software.

First import the required libraries.

Here we need to fill in the IP address of the video receiver (the IP address of your

PC).

Then initialize the camera. You can change these parameters according to your

needs.

Here we instantiate the zmq object used to send the frame, using the tcp

communication protocol, where 5555 is the port number, the port number can be

customized, as long as the port number of the sending end and the receiving end are
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the same.

Next loop to collect images from the camera, because we are using the Raspberry

Pi camera, use_video_port is True.

Since the imencode() function needs to be passed in numpy array or scalar to

encode the image, here we will convert the collected frame to numpy array

We encode the frame into stream data and save it in the memory buffer.

Here we send the stream data in the buffer to the video receiving end after base64

encoding.

5. Finally, we enter the following command to run the runPI.py program:

sudo python3 runPI.py

12.5.2 Run the runPC.py program on the PC

1. In the file explorer on the left side of MobaXterm, find the file runPC.py in the

11OpenCV_zmq folder of this lesson, and you need to download it to your computer.
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2. Let's learn about the program runPC.py first, and use MobaXterm software to

open this program by default.

First import the required libraries.

Here we instantiate the zmq object used to receive frames, and note that the port

number needs to be consistent with the sender's.

Receive video frame data.

Decode it and save it to the cache.

Decode a one-dimensional array into an image.

Display the image.

Generally, waitKey() should be used after imshow() to leave time for image

drawing, otherwise the window will become unresponsive and the image cannot be
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displayed.

3. Finally, you need to run the runPC.py program on the PC.
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Lesson 13 Simple TCP Communication

In this lesson, we take the remote control of the LEDS as a routine, because

almost all of our robots are equipped with WS 2812 LED modules. This routine helps

beginners understand how the desktop GUI program communicate with Raspberry Pi.

You can use the program with a graphical interface written by yourself to

communicate with the Raspberry Pi on other devices to achieve the purpose of

controlling the Raspberry Pi.

13.1 About Tkinter and Socket

The GUI programming method introduced in this chapter is completely done by

Python language, specifically, the Tkinter library is used.Tkinter is Python's standard

GUI library. Python uses Tkinter to quickly create GUI applications. Because Tkinter

is built into the Python installation package, as long as Python is installed, you can

import the Tkinter library, and IDLE is also written in Tkinter. For simple graphical

interface Tkinter can still cope with it.

We use the Socket library to communicate between devices. Socket is also called

"socket". Applications usually send requests to the network or answer network

requests through the "socket", so that the process between the host or a computer can

communicate
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13.2 Wiring diagram (Circuit diagram)

13.3 How to remotely control WS2812 LED module

For the introduction and control of WS2812 LED module, you can refer to

"Lesson 5 How to Control WS2812 LED". Remember to install the Python library

used to control the WS2812 LEDS, you can use the following command in the

Raspberry Pi console to install:

sudo pip3 install rpi_ws281x

The Raspberry Pi serves as the server and the PC as the client.

13.3.1 Run the tcpPI.py program in the Raspberry Pi first

1. Open the terminal software MobaXterm:
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2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls

5.The 12TCP_LED folder stores the sample code of this course. Enter the

command to enter this folder:
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cd 12TCP_LED

6. Enter the command to display the contents of the current directory:

ls

7. When using the WS2812 module, we need to install the Python dependency library needed

to control the WS2812 module, and enter the following command in the console of the command

window:

sudo pip3 install rpi-ws281x

8. Then run the tcpPI.py program on the Raspberry Pi, and directly enter the

following commands to run this program on the Raspberry Pi:

sudo python3 tcpPI.py

9. After running the program successfully, you also need to run the tcpPC.py

program on the PC according to "13.3.2 Run the tcpPC.py program on the PC".

13.3.2 Run the tcpPC.py program on the PC

1. In the directory:

adeept_alter/02CourseCode/01ComponentCode/12TCP_LED

Download the file tcpPC.py to the PC and remember the path of this file.
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2. Use MobaXterm or other IDE to open the tcpPC.py file on your computer. You

need to modify the IP address in the SERVER_IP line of code and change it to the IP

of your Raspberry Pi (please check the IP address of the Raspberry Pi in lesson one),

so that the PC can establish a connection with the Raspberry Pi.

3. After the modification is completed, you can directly double-click to open the

tcpPC.py file. After opening, as shown below, there are two buttons "ON" and "OFF".

When you click the "ON" button, the LED of WS2812 will be on; when you click the

"OFF" button, the LED of WS2812 will be off.
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13.4 Studying the program code of tcpPI.py and

tcpPC.py

13.4.1 Learning tcpPI.py program code

Import the socket library used for TCP communication.

Next is the configuration related to TCP communication. PORT is the defined

port number. You can freely choose numbers from 0-65535. It is recommended to

choose the numbers after 1023, which needs to be consistent with the port number

defined by the client in the PC.

Start monitoring the client connection, and start receiving the information sent

from the client after the client connection is successful.

Receive information from the client, turn on the light if the information content is

on, and turn off the light if the information content is off.
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Finally, print out the received data, and continue to monitor the next message sent

by the client.

13.4.2 Learning tcpPC.py program code

Import the socket library used for TCP communication.

Python uses Tkinter to quickly create GUI applications and instantiate them while

importing them.

Call this method to send the light-on command 'on'.

Call this method to send the light off command 'off'.

Enter the IP address of the Raspberry Pi here (you need to change it to your

Raspberry Pi IP address when you use it).

Next is the configuration related to TCP communication. PORT is the defined

port number. You can freely choose numbers from 0-65535. It is recommended to

choose a number after 1023, which needs to be consistent with the port number

defined by the server in the Raspberry Pi.
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Define a GUI window.

Set the title of the window.

The size of the window, the middle x is the English letter x.

Define the background color of the window.

Use Tkinter's Button method to define a button, the button is on the root window,

the name on the button is 'ON', the text color of the button is #E1F5FE, and the

background color of the button is #0277BD. When the button is pressed, it will call

lights_on( )function.

Choose a location to place this button.

Define another button in the same way. The difference is that the text on the

button is changed to'OFF'. When the button is pressed, the lights_off() function is

called.

Finally, start the message loop.
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Lesson 14 Open Source Speech Recognition Library

In this lesson, we will learn how to use an open source speech recognition library.

PyAudio is a Python library for cross-platform audio I/O processing.

SpeechRecognition is a speech recognition library. SpeechRecognition does not need

to build a script to access the microphone and process audio files from scratch. It only

takes a few minutes to automatically complete audio input, retrieval and operation.

14.3 Downloading and installing speech recognition

library

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):
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3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls

5. The 13Speech folder stores the sample code of this lesson. Enter the command

to enter this folder:

cd 13Speech

6. Enter the command to display the contents of the current directory:

ls

7. Before running this program, we need to make some settings. You need to

install the pyaudio library first, and enter the following commands in the command

window:
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sudo apt-get install -y swig portaudio19-dev python3-all-dev

python3-pyaudio flac

8.After the download is complete, enter the following command to run the

speech.py program：

sudo python3 speech.py
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Lesson 15 Transferring Python Text to Voice

In this lesson, we will learn how to transfer Python text to voice.

15.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

3.5mm headset (bring your

own)

1

15.2 Wiring diagram (Circuit diagram)

You need to connect 3.5mm earphones (provided by yourself) to the audio port on

the driver board of the Raspberry Pi, as shown below:
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15.3 How to initiate Python text-to-voice function

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls
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5.The 14Speech_Text folder stores the sample code of this course. Enter the

command to enter this folder:

cd 14Speech_Text

6. Enter the command to display the contents of the current directory:

ls

7. Before running this program, we need to make some settings. You need to

install the voice environment first, and enter the following commands in the command

window:

sudo apt-get install espeak

8. After the download is complete, you need to install the text-to-voice

dependency library. Enter the following command:

sudo pip3 install pyttsx3

9. Run the program ttv.py and enter the following command:

sudo python3 ttv.py

10. After running the program, if the program has the following prompt error:
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The reason is that the sound card of the Raspberry Pi is blocked. You need to turn

it on again and enter the following command:

sudo nano /etc/modprobe.d/snd-blacklist.conf

After entering, add # before the blacklist snd_bcm2835, press ctrl+x to exit, press

y, and then press Enter to save the changes.

After saving and exiting, you need to restart the Raspberry Pi, and then run sudo

python3 ttv.py again.

11. When you want to terminate the running program, you can press the shortcut

key Ctrl+C on the keyboard.

【Attention】

If you use the built-in Small speaker to play the sound, you may not hear the

sound.You can replace it with a headset to play it.
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Lesson 16 Posture Sensor

In this lesson, we will learn how to use posture sensor.

16.1 Components used in this course

Components Quantity Picture

Raspberry Pi 1

Male to Female Jumper Wires 5

APDS9960 1

16.2 Introduction to APDS9960

The APDS-9960 device features advanced Gesture detection, Proximity

detection, Digital Ambient Light Sense (ALS) and Color Sense (RGBC). The slim

modular package, L 3.94 x W 2.36 x H 1.35 mm, incorporates an IR LED and factory

calibrated LED driver for drop-in compatibility with existing footprints.

Gesture detection:

Gesture detection utilizes four directional photodiodes to sense reflected IR

energy (sourced by the integrated LED) to convert physical motion information (i.e.

velocity, direction and distance) to a digital information. The architecture of the

gesture engine features automatic activation (based on Proximity engine results),

ambient light subtraction, cross-talk cancelation, dual 8-bit data converters, power

saving inter-conversion delay, 32-dataset FIFO, and interrupt driven I2C

communication. The gesture engine accommodates a wide range of mobile device

gesturing requirements: simple UP-DOWN-RIGHT-LEFT gestures or more complex
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gestures can be accurately sensed. Power consumption and noise are minimized with

adjustable IR LED timing.

Proximity detection:

The Proximity detection feature provides distance measurement (E.g. mobile

device screen to user’s ear) by photodiode detection of reflected IR energy (sourced

by the integrated LED). Detect/release events are interrupt driven, and occur

whenever proximity result crosses upper and/or lower threshold settings. The

proximity engine features offset adjustment registers to compensate for system offset

caused by unwanted IR energy reflections appearing at the sensor. The IR LED

intensity is factory trimmed to eliminate the need for end-equipment calibration due to

component variations. Proximity results are further improved by automatic ambient

light subtraction.

Color and ALS detection

The Color and ALS detection feature provides red, green, blue and clear light

intensity data. Each of the R, G, B, C channels have a UV and IR blocking filter and a

dedicated data converter producing16-bit data simultaneously. This architecture

allows applications to accurately measure ambient light and sense color which enables

devices to calculate color temperature and control display backlight.

APDS9960 Pins：

Name Type Description

VCC Power Supply 5v

GND Power supply ground. All voltages are referenced to GND

SDA I/O I2C serial data I/O terminal - serial data I/O for I2C-bus

INT O Interrupt - open drain (active low)

SCL I I2C serial clock input terminal - clock signal for I2C serial

data

file:///H:/HBY/ruanAn/Dict/8.9.3.0/resultui/html/index.html
file:///H:/HBY/ruanAn/Dict/8.9.3.0/resultui/html/index.html
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16.3Wiring diagram (Circuit diagram)

When the APDS9960 sensor is connected to the circuit, it needs to be directly

connected to the driver board of the Raspberry Pi. The VCC of the APDS9960 sensor

is connected to the 5V interface (physical pin number 2) on the Raspberry Pi, and the

GND is connected to the GND interface of the Raspberry Pi (Physical pin number 6),

SCL is connected to the SCL interface on the Raspberry Pi (physical pin number 5),

SDA is connected to the SDA interface on the Raspberry Pi (physical pin number 3),

INT is connected to the physical pin 16 interface on the Raspberry Pi. As shown

below:
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16.4 The main code program of this lesson

We use the following code to control the APDS9960 sensor. Here, we use Subline

IDE to view and edit the code program of this lesson. Please see the content of lesson

2 for specific methods. The specific code and comments are as follows:

In the file manager of the MobaXterm terminal, find the directory:

alter/02CourseCode/01ComponentCode/15APDS9960

And open the code of this lesson: apds.py.

Import the library that controls apds9960.

I2C communication of apds9960, if the wire is not connected or the connection is

wrong, an error will be reported.

Instantiate objects.

Start reading gesture information.

There are 5 return values of apds.readGesture(), including from left to right, from

right to left, from top to bottom, from bottom to top, from near to far. They are

replaced by numbers 1 2 3 4 5, and the placement of the sensor determines that which

number corresponds to which gesture.
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16.5 Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls
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5. Enter the directory where the code program files of this lesson are stored:

15APDS9960, you need to enter the following command:

cd 15APDS9960

6. When using the APDS9960 sensor, we need to install the Python dependency

library needed to control APDS9960: apds9960, and enter the following command in

the console of the command window:

sudo pip3 install apds9960

7. Also need to modify the I2C rate. Enter the following command to modify:

sudo nano /boot/config.txt

After opening the interface, it is as follows:

8. You need to check if there is a piece of code inside: dtparam=i2c_arm=on
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(white font), if there is, add a piece of new code at the end: i2c_baudrate=400000. As

shown below:

If there is no code: dtparam=i2c_arm=on (white font), then you need to add the

following line of code yourself:

dtparam=i2c_arm=on,i2c_baudrate=400000

Finally press Ctrl+X to exit the editing, the system will ask you whether you

agree to save the changes, enter the letter ‘Y’, and press Enter to exit.

9. Enter the command to view the contents of the current directory:

ls

10.apds.py is the sample code for this lesson, enter the command to run this

program:

sudo python3 apds.py
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11. After running the program successfully, you can test it by swiping gestures on

the APDS9960 sensor.
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Lesson 17 Application of RGB Ultrasonic Module

In this lesson, we will learn how to read the data of the RGB ultrasonic ranging

module.

17.1Components used in this course

Components Quantity Picture

Raspberry Pi 1

Robot HAT 1

RGB ultrasonic module 1

4 pin wire 1

17.2 Introduction of RGB ultrasonic ranging module

Since the camera used by our Raspberry Pi robot is a monocular camera and

cannot collect depth information, many of our robot products use ultrasonic ranging

modules to obtain depth information and detect whether there are obstacles in a

certain direction to get the distance of the obstacle.

Alter series robot products are equipped with two ultrasonic modules: RGB

ultrasonic module and ordinary blue ultrasonic module (HC-SR04). The default

program ultra.py uses ordinary blue ultrasonic module (HC-SR04). You can use M2x8

screws to install the RGB ultrasonic module with the M2 nut. The connection method

is the same as the ordinary blue ultrasonic. When using the RGB ultrasonic sensor,

you need to make some settings for the code program ultra.py and change the value of
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the RGBultrasonic variable inside from 0 to 1. "17.4 Obtain Ultrasonic Sensor Data"

will teach you how to find this file.

The model of the ultrasonic ranging module used in our robot products is

HC-SR04. The HC-SR04 module has four pins, namely VCC, GND, Echo and Trig.

The HC-SR04 can provide a non-contact type of 2cm-400cm distance sensing

function, and the ranging accuracy is up to 3mm; the module includes ultrasonic

transmitter, receiver and control circuit. The basic working principle is as follows:

Use IO port TRIG to trigger distance measurement, and give a high level signal

of at least 10us.

The module automatically sends 8 40khz square waves, and automatically detects

whether there is a signal return.

There is a signal return, and a high level is output with the IO port ECHO. The

duration of the high level is the time from emission to return of the ultrasonic wave.

The principle of distance detection by ultrasonic ranging sensor: the method of

detecting distance by ultrasonic is called echo detection method, that is, the ultrasonic

transmitter emits ultrasonic waves in a certain direction, and the timer starts timing at

the same time as the launch time. The ultrasonic waves propagate in the air and

encounter obstacles on the way. When the object surface (object) is blocked, it will be

reflected back immediately, and the ultrasonic receiver will immediately stop timing

when the reflected ultrasonic wave is received. The propagation speed of ultrasonic

waves in the air is 340m/s. According to the time t recorded by the timer, the distance

s from the launch point to the obstacle surface can be calculated, namely: s=340t/2.

Using this principle of ultrasound, the ultrasonic ranging module is widely used in

practical applications, such as car reversing radar, unmanned aerial vehicle, and smart

car.
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When using Robot HAT driver board, you need to connect HC-SR04 to the

Ultrasonic interface on the driver board, and you must not connect it to the IIC port to

avoid burning the ultrasonic module. (IIC is an interface used to connect I2C devices,

and the pin positions of VCC and GND are different from Ultrasonic).

17.3Wiring diagram (Circuit diagram)

When using Robot HAT driver board, you need to connect the ultrasonic sensor

to the Ultrasonic interface on the driver board. Do not connect it to the IIC port to

avoid burning the ultrasonic module. (IIC is an interface used to connect I2C devices,

and the pin positions of VCC and GND are different from Ultrasonic).



161

17.4 Obtain data from ultrasonic sensors

17.4.1 Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):
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3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/02CourseCode/01ComponentCode

4. Enter the command to display the contents of the current directory:

ls

5.The 16Ultrasonic_RGB folder stores the sample code of this course. Enter the

command to enter this folder:

cd 16Ultrasonic_RGB

6. Enter the command to display the contents of the current directory:

ls

7.RGB.py is the control code program of RGB ultrasonic sensor, and the ultra.py

is the control code program of ordinary blue ultrasonic (HC-SR04).

8.First connect the RGB ultrasonic sensor to the Robot HAT driver board, and



163

then enter the following command to run RGB.py:

sudo python3 RGB.py

9. After successfully running the program, you will observe that the color of the

RGB ultrasonic sensor will change. Red, green, and blue may appear. If you want to

achieve other colors, you can also modify the code inside. In the code learning part,

we will introduce the code; the command window will display the distance data of the

obstacle detected by the ultrasonic sensor. When you use an object to approach it

directly in front of the ultrasonic sensor, the detected distance data will change.

10. Now, let's test the ordinary blue ultrasonic (HC-SR04) sensor, connect it to

the Robot HAT driver board, and then enter the following command to run ultra.py:

11. After successfully running the program, the command window will display

the distance data of the obstacle detected by the ultrasonic sensor. When you use an

object to approach it directly in front of the ultrasonic sensor, the detected distance

data will change.

17.5 The main code program of this lesson

Here we use Subline IDE to view and edit the code program of this course. Please

refer to the content of Lesson 2 for the specific method.

In the file manager of the MobaXterm terminal, find the directory:

alter/02CourseCode/01ComponentCode/16Ultrasonic_RGB

And open the code of this lesson: RGB.py.

Import libraries used to control GPIO and time-related libraries.

Define the GPIO pin number related to RGB ultrasonic wave.
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Call this function to get distance information.

Initialize the GPIO pins. Because the GPIO pins have different functions when

ultrasonic ranging and controlling the color of RGB lights, you need to initialize them

according to specific functions before using related functions.

Control RGB ultrasonic wave to enter the ranging mode.

After detecting that the level of the Rx pin becomes low, it indicates that the

ultrasonic wave has been sent out, and the time t1 is obtained.

Detect the duration of the low level of the Rx pin, and obtain the time t2 when the

Rx pin becomes high.

Control the RGB ultrasonic module to exit the ranging mode.

According to t1 and t2 and the speed of sound in the air, calculate the distance

and return the value.

Call this function to change the color of the light on the RGB ultrasonic wave
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module, which is divided into three channels of red, green and blue. Each channel has

two states (0 and 1). The following is about the color phenomenon that occurs when

RGB is set to different values.

R = 1, G = 0, B = 0 —— red

R = 0, G = 1, B = 0 —— green

R = 0, G = 0, B = 1 —— blue

R = 0, G = 0, B = 0 —— off

R = 1, G = 1, B = 1 —— on（Almost white）

Initialize GPIO pins.

Enter the mode of changing color for the first time to set the R channel state.

Enter the color changing mode for the second time to set the G channel state.

Enter the mode of changing the color for the third time to set the state of the B

channel.
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Exit the mode of changing colors.

In the setColor() function, you can directly modify the 1 or 0 data of the

parameter here to control the RGB ultrasonic sensor to light up different colors.

R = 1, G = 0, B = 0 —— red

R = 0, G = 1, B = 0 —— green

R = 0, G = 0, B = 1 —— blue

R = 0, G = 0, B = 0 —— off

R = 1, G = 1, B = 1 —— on（Almost white）
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Lesson 18 Alter Program Installation

18.1 Using Raspberry Pi for the first time

18.1.1 Write the operating system of the Raspberry Pi to the SD

card

18.1.1.1 MethodA: Write 'Raspbian' to The SD Card by Raspberry Pi Imager

Raspberry Pi Imager is an image writing tool to SD card developed by the

Raspberry Pi Organization. It comes with many versions working on different systems

and it's quite easy to use; all you need is choose the operating system and SD card,

Raspberry Pi Imager will download the corresponding image file for the system and

install it to the SD card.

Step-by-Step Overview

1.Prepare an SD card (16G or larger) and an SD card reader

2.Download the `Raspberry Pi Imager` on the official website

3.- [Raspberry Pi Imager for Windows]

4.- [Raspberry Pi Imager for macOS]

5.- [Raspberry Pi Imager for Ubuntu]

6. Install the `Raspberry Pi Imager`

7. Write the operating system for Raspberry Pi to the SD card with `Raspberry Pi

Imager` `Raspbian Full - A port of Debian with desktop and recommended

application`

8. Leave the SD card connected after writing is completed, we'll use for configuring

SSH and WiFi connection later.

Detailed Steps:

●Open a web browser on your computer, go to the Raspberry Pi website [Official

Raspberry Pi website], find and download the Raspberry Pi Imager for your computer

https://www.raspberrypi.org/downloads
https://downloads.raspberrypi.org/imager/imager.exe
https://downloads.raspberrypi.org/imager/imager.dmg
https://downloads.raspberrypi.org/imager/imager_amd64.deb
https://www.raspberrypi.org/downloads
https://www.raspberrypi.org/downloads
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OS, or click on the links above for the corresponding system to directly download and

install.

●Insert the SD card into the card reader, connect the card reader with your

computer.

●Run the Raspberry Pi Imager, select CHOOSE OS -> Raspbian(other) ->

Raspbian Full - A port of Debian with desktop and recommended applications.

●Click on CHOOSE SD CARD for the SD card to write the Raspbian Full,

please be noted that the image writing will automatically delete all files on the SD

card if any.

●Click on WRITE, wait for the writing. The Raspberry Pi Imager needs to

download the Raspbian image file during the process. You can download the file

following the step in 2.1.2.

●Do not remove the SD card connected after writing is completed, we'll use for

configuring SSH and WiFi connection later. Otherwise, if you remove the card, insert

it into the Raspberry Pi and boot, WiFi configuration without any peripherals may fail

in the following process.

18.1.1.2 Method B: Download The Image File Raspbian and

Write It to The SD Card Manually

Since the image file is downloaded with Raspberry Pi Imager in 18.1.1.1, it can

take a long time due to a slow network in some places. You may then manually

download the image file Raspbian and write it to the SD card with th Raspberry Pi

Imager.

Step-by-Step Overview

1. Prepare an SD card (16G or larger) and an SD card reader

2. Download the `Raspberry Pi Imager` on the official website [Official Raspberry Pi

Website]

- [Raspberry Pi Imager for Windows]

https://www.raspberrypi.org/downloads
https://www.raspberrypi.org/downloads
https://downloads.raspberrypi.org/imager/imager.exe 
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- [Raspberry Pi Imager for macOS]

- [Raspberry Pi Imager for Ubuntu]

3. Install the `Raspberry Pi Imager`

4. Download the image file `Raspbian`

- Torrent file:

[Raspbian-Raspbian Buster with desktop and recommended software]

-Zip file: [Raspbian - Raspbian Buster with desktop and recommended software]

5. Unzip the file, be noted that the path should be in English for the `.img` file

extracted, no special characters allowed.

6. Write the image file `Raspbian` downloaded to the SD card with `Raspberry Pi

Imager`

7. Leave the SD card connected after writing is completed, we'll use for configuring

SSH and WiFi connection later.

Detailed Steps:

●Open a web browser on your computer, go to the Raspberry Pi website[Official

Raspberry Pi website], find and download the Raspberry Pi Imager for your computer

OS, or click on the links above for the corresponding system to directly download and

install.

●On the Raspberry Pi website [Official Raspberry Pi website], select through

Downloads -> Raspbian -> Raspbian Buster with desktop and recommended software,

and click on the torrent or zip file to download. Unzip the file after download, be

noted that the path should be in English for the .img file extracted, no special

characters allowed; otherwise Raspberry Pi Imager may not open the .img file. It's

recommended to save the .img file to the root directory of the C:\ or D:\ disk, but do

not save .img on the SD card.

●Insert the SD card into the card reader, connect the card reader and your

computer.

●Run the Raspberry Pi Imager, select CHOOSE OS, and then Use custom to find

the .img extracted, click Open.

https://downloads.raspberrypi.org/imager/imager.dmg 
https://downloads.raspberrypi.org/imager/imager_amd64.deb 
https://downloads.raspberrypi.org/raspbian_full_latest.torrent 
https://downloads.raspberrypi.org/raspbian_full_latest 
https://www.raspberrypi.org/downloads/
https://www.raspberrypi.org/downloads/
https://www.raspberrypi.org/downloads
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●Select CHOOSE SD CARD for the SD card to write the Raspbian, please be

noted that the image writing will automatically delete all files on the SD card if any.

●Click on WRITE, wait for the writing.

●Do not remove the SD card connected after writing is completed, we'll use for

configuring SSH and WiFi connection later. Otherwise, if you remove the card, insert

it into the Raspberry Pi and boot it up, WiFi configuration without any peripherals

may fail in the following process.

18.1.1.3 Method C: Manually Download The Image File

Provided by Us and Write It to The SD Card (Not

Recommended)

●The Raspbian image file downloaded in 18.1.1.1 and 18.1.1.2 is the official

source with some preinstalled software. To operate the robot, you may need many

dependent libraries. Though we provide the simple script to install them (see details

later), failure can happen during installation if the library is not the latest version.

Therefore, despite we provide the downloading of the Raspbian image file, it may

happen that our image file and the dependent libraries are not most updated versions.

Please only use when you encounter the most troublesome situation.

●Step-by-Step Overview

1. Prepare an SD card (16G or larger) and an SD card reader

2. Download the `Raspberry Pi Imager` from the official website [Official

Raspberry Pi website]

- [Raspberry Pi Imager for Windows]

- [Raspberry Pi Imager for macOS]

- [Raspberry Pi Imager for Ubuntu]

3. Install the `Raspberry Pi Imager`

4. Download the image file `Adeept_alter`

https://www.raspberrypi.org/downloads
https://www.raspberrypi.org/downloads
https://downloads.raspberrypi.org/imager/imager.exe
https://downloads.raspberrypi.org/imager/imager.dmg
https://downloads.raspberrypi.org/imager/imager_amd64.deb


171

https://www.adeept.com/learn/detail-51.html

5. Unzip the file, be noted that the path should be in English for the `.img`

file extracted, no special characters allowed.

6. Write the image file `Raspbian` downloaded to the SD card with

`Raspberry Pi Imager`

7. Leave the SD card connected after writing is completed, we'll use for

configuring SSH and WiFi connection later.

Detailed Steps:

●Open a web browser on your computer, go to the Raspberry Pi website [Official

Raspberry Pi website], find and download the Raspberry Pi Imager for your computer

OS, or click on the links above for the corresponding system to directly download and

install.

●Go to our [official website], find and download the image file [Image file for

the Adeept_alter Robot]. Unzip the file, be noted that the path should be in English for

the .img file extracted, no special characters allowed. otherwise Raspberry Pi Imager

may not open the .img file. It's recommended to save the .img file to the root directory

of the C:\ or D:\ disk, but do not save .img on the SD card.

●Insert the SD card into the card reader, connect the card reader and your

computer.

●Run the Raspberry Pi Imager, select CHOOSE OS, and then Use custom to find

the .img extracted, click Open.

●Select CHOOSE SD CARD for the SD card to write the Raspbian, please be

noted that the image writing will automatically delete all files on the SD card if any.

●Click on WRITE, wait for the writing.

●Do not remove the SD card connected after writing is completed, we'll use for

configuring WiFi connection later. Otherwise, if you remove the card, insert it into the

Raspberry Pi and boot it up, WiFi configuration without any peripherals may fail in

the following process.

https://www.adeept.com/learn/detail-51.html
https://www.raspberrypi.org/downloads
https://www.raspberrypi.org/downloads
https://www.adeept.com
https://www.adeept.com/learn/detail-51.html
https://www.adeept.com/learn/detail-51.html
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18.2 Enable SSH Server of Raspberry Pi

●By SSH (Secure Shell) server, you can use the command line of Raspberry Pi

remotely on another device. In the subsequent operation and when using the

Raspberry Pi, you don't have to connect a mouse, keyboard, or monitor to it, but

simply control it on a computer in the same LAN.

●As of the November 2016 release, Raspbian has the SSH server disabled by

default. You will have to enable it manually.

●The method to enable the SSH in this lesson can be referred to the Raspberry Pi

official website SSH(Secure Shell)

18.2.1 Method A: Enable SSH with Peripherals

●If you use (18.1.1.3to manually download the image file we provide and

write it to the SD card) to write the operating system of the Raspberry Pi to the SD

card, you do not need to refer to this section to open SSH, because The SSH service in

the image is already enabled.

●If you've connected a mouse, keyboard, or monitor to the Raspberry Pi, follow

these steps to enable SSH.

1.Remove the SD card from the computer, insert it to the Raspberry Pi, connect a

mouse, keyboard, and monitor to the Raspberry Pi, boot it up.

2.Go to Preferences menu, select Raspberry Pi Configuration.

3.Go to Interfaces option.

4.Select Enable next to SSH.

5.Click on OK.

18.2.2 Method A: Enable SSH without Peripherals

●If you use (18.1.1.3 to manually download the image file we provide and

write it to the SD card) to write the operating system of the Raspberry Pi to the SD

https://www.raspberrypi.org/documentation/remote-access/ssh
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card, you do not need to refer to this section to open SSH, because The SSH service in

the image is already enabled.

●If you haven't connected any monitor to the Raspberry Pi, follow these steps to

enable SSH.

1. Do not remove the SD card after `Raspberry Pi Imager` writes the image

file.

2. Create a file named `ssh` under any directory, without any extension name.

You may create a `ssh.txt` and delete the `.txt` (make sure under Folder Options the

box of Hide extensions for known file types is unchecked. Then you have an `ssh` file

without extension name.

3. Copy the `ssh` file and paste to the root directory of the SD card. The

Raspberry Pi will auto search for the `ssh` file when booting, and enable SSH if the

file is found. You only need to copy for one time because the Raspberry Pi then will

automatically enable SSH at every boot.

4. Do not remove the SD card if you need to configure WiFi.

18.3 Configure WiFi on Raspberry Pi

●There are many ways to connect WiFi for Raspberry Pi. Two methods are

provided in this documentation; you may visit the official Raspberry Pi website for

more: [Wireless connectivity]

18.3.1 Method A: WiFi Connection with Peripherals

● If you've connected a mouse, keyboard, or monitor to the Raspberry Pi,

follow these steps to configure WiFi.

1.Remove the SD card from the computer, insert it to the Raspberry Pi,

connect a mouse, keyboard, and monitor to the Raspberry Pi, boot it up.

2. Select the WiFi icon at the top right corner on the monitor, find the WiFi

to connect and select.

https://www.raspberrypi.org/documentation/configuration/wireless/README.md
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3. Type in the password for the WiFi, connect.

4. After it's connected successfully, the WiFi will be saved and the

Raspberry Pi will auto connect for next boot, so you don't need to connect peripherals

every time.

18.3.2 Method B: WiFi Connection without Peripherals

●If you haven't connected any monitor to the Raspberry Pi, follow these steps

to configure WiFi.

●This method is based on the [official documentation]

1. Do not remove the SD card after `Raspberry Pi Imager` has written the

image file. (This method works for the situation that the Raspbian image file has just

been written to the SD card; if you've already plugged the SD card into the Raspberry

Pi and got it rebooted after the image file being written, the configuration may fail.)

2. Create a file named `wpa_supplicant.conf` anywhere in your computer.

3. Open the file `wpa_supplicant.conf` created with Textbook, enter the

following code:

ctrl_interface=DIR=/var/run/wpa_supplicant GROUP=netdev

update_config=1

country=Insert country code here

network={

ssid="Name of your WiFi"

psk="Password for your WiFi"

}

4. Type in your own information for `Insert country code here`, `Name of

your WiFi`, and `Password for your WiFi`. Pay attention to the capitalization. Refer to

the example below:

ctrl_interface=DIR=/var/run/wpa_supplicant GROUP=netdev

update_config=1

https://www.raspberrypi.org/documentation/configuration/wireless/headless.md
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country=US

network={

ssid="MyName"

psk="12345678"

}

5. Save and exit. Copy the `wpa_supplicant.conf` to the root directory of the

SD card.

6. If you've already copied the file `ssh` to the SD card as instructed in

**2.2**, then both the WiFi and SSH settings without peripherals are done. You may

remove the SD card, insert it into the Raspberry Pi, and boot it up.

7. For more about the file `wpa_supplicant.conf`, refer to the official documentation

[WIRELESS-CLI]

18.4 Software installation and operation in Raspberry

Pi

●If you followed the steps in 18.2.1 and 18.3.1 for SSH and WiFi configuration, you

may remove the peripherals now and use SSH to remotely control the Raspberry Pi later

on.

●If you followed the steps in18.2.2 and 18.3.2, you may now insert the SD card into

the Raspberry Pi and boot it up. The Raspberry Pi will auto boot and connect WiFi when

powered on, with no need of peripherals.

●If you use the operation steps of 18.1.3 to write to the SD card, you only need to

refer to18.3.1 or 18.3.2 to configure the WIFI, you can install the SD card into the

Raspberry Pi, and the robot product program will Automatic operation, you can skip some

content, refer to 5 Use WEB application to control the robot after the structure is

assembled.

●Some steps mentioned below are based on the official Raspberry Pi documentation

SSH.

https://www.raspberrypi.org/documentation/configuration/wireless/wireless-cli.md
https://www.raspberrypi.org/documentation/remote-access/ssh
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●For power supply of the Raspberry Pi, refer to the official documentation Power

supply.

●The Motor HAT board of the Adeept Raspberry Pi Robot can supply power for the

Raspberry Pi via GPIO port. However, since it may take a long time to install software on

the Raspberry Pi, it's not recommended to supply with the batteries during this process.

You may skip the installation of the Motor HAT board or camera during software

installation; though you need to make sure the driver board and camera for the Raspberry

Pi when it's ready to run the software installed, or a program error will occur.

18.4.1 Log into Raspberry Pi (Windows 10)

●For Windows 10, SSH is built in the versions after October 2018, so you don't

need any third-party software.

●For lower versions of Windows OS, SSH is not built in, and you may log into

the Raspberry Pi by referring to the official documentation [SSH using Windows].

●Before connecting the Raspberry Pi via SSH, you need to know the IP address

of the Raspberry Pi. Check the Management interface for your router, or download the

app `Network Scanner` -> search for a device named `RASPBERRY` or `Raspberry

Pi Foundation` to get the IP address.

●For other methods of obtaining the IP address of Raspberry Pi, refer to the

official documentation [IPAddress]

●Press the keys ‘win’+’R’, type in `cmd`, and press ‘enter’.

●The default user is `pi`, and the password is `raspberry`.

●Type in `ssh pi@<IP>` in the command line, replace the `<IP>` with the IP

address of your Raspberry Pi, as shown below:

ssh pi@192.168.3.161

●Press Enter key and a prompt will appear: `Are you sure you want to continue

connecting (yes/no)?`

https://www.raspberrypi.org/documentation/hardware/raspberrypi/power/README.md
https://www.raspberrypi.org/documentation/hardware/raspberrypi/power/README.md
https://www.raspberrypi.org/documentation/remote-access/ssh/windows.md
https://www.raspberrypi.org/documentation/remote-access/ip-address.md
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●Type in `yes`, press Enter and it'll show `pi@192.168.3.161's password:`, type

in the initial password of the Raspberry Pi, `raspberry` (pay attention to capitalization).

There's no change on the screen when you're typing in, but it doesn't mean you're not

entering the information. Press ‘enter’ after you finish typing in.

●So now you've logged into the Raspberry Pi.

18.4.2 Log into Raspberry Pi (Linux or Mac OS)

●Before connecting the Raspberry Pi via SSH, you need to know the IP address

of the Raspberry Pi. Check the Management interface for your router, or download the

app `Network Scanner` -> search for a device named `RASPBERRY` or `Raspberry

Pi Foundation` to get the IP address.

●For other methods of obtaining the IP address of Raspberry Pi, refer to the

official documentation [IPAddress]

●Open the terminal window (or command line)

●The default user is `pi`, and the password is `raspberry`.

●Type in `ssh pi@<IP>` in the command line, replace `<IP>` with the IP address

of your Raspberry Pi as shown below:

ssh pi@192.168.3.161

●Press Enter key and a prompt will appear: `Are you sure you want to continue

connecting (yes/no)?`

●Type in `yes`, press Enter and it'll show `pi@192.168.3.161's password:`, type

in the initial password of the Raspberry Pi, `raspberry` (pay attention to capitalization).

There's no change on the screen when you're typing in, but it doesn't mean you're not

entering the information. Press ‘enter’ after you finish typing in.

●So now you've logged into the Raspberry Pi.

18.4.3 Log into Raspberry Pi (Windows)

●For lower versions of Windows OS, SSH is not built in, and you may log into

https://www.raspberrypi.org/documentation/remote-access/ip-address.md
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the Raspberry Pi by referring to the official documentation Raspberry Pi[SSH using

Windows].

●Before connecting the Raspberry Pi via SSH, you need to know the IP address

of the Raspberry Pi. Check the Management interface for your router, or download the

app `Network Scanner` -> search for a device named `RASPBERRY` or `Raspberry

Pi Foundation` to get the IP address.

●For other methods of obtaining the IP address of Raspberry Pi, refer to the

official documentation [IPAddress]

●You may need to download the `PuTTY` version for your OS and log into

Raspberry Pi with the tool. [Click here to download PuTTY]

●Run `PuTTY`, type in the IP address of Raspberry Pi for `Host Name`, and

click ‘Open’.

●If a prompt of `Network error: Connection timed out` appears, possibly you've

entered an incorrect IP address.

●When the connection works you will see the security warning shown below.

You can safely ignore it, and click the 'Yes' button. You will only see this warning the

first time PuTTY connects to a Raspberry Pi that it has not seen before.

●You will now see the usual login prompt. Log in with the same username and

password you would use on the Pi itself. The default login for Raspbian is `pi` with

the password `raspberry`.

●You should now have the Raspberry Pi prompt which will be identical to the

one found on the Raspberry Pi itself.

18.4.4 Download Program of The Raspberry Pi Robot

●The code for the robot product has been uploaded to [GitHub], you may need to

download to your Raspberry Pi and install the corresponding dependent libraries to

run the program.

●In the previous section you've logged into the Raspberry Pi, and here type in

https://www.raspberrypi.org/documentation/remote-access/ssh/windows.md
https://www.raspberrypi.org/documentation/remote-access/ssh/windows.md
https://www.raspberrypi.org/documentation/remote-access/ip-address.md
https://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html
https://github.com/adeept/adeept_picar-b.git


179

the follow command in the terminal window:

sudo git clone https://github.com/adeept/adeept_alter.git

●Press ‘enter’ to start downloading the program of the robot from GitHub. It

may take some time, please wait until it's done.

18.4.5 Install Corresponding Dependent Libraries

●Follow the steps below to install the libraries if you wrote the image file to the

SD card based on 18.1.1 Write 'Raspbian' to the SD card by `Raspberry Pi Imager`

and 18.1.2 Download the image file `Raspbian` and write it to the SD card manually.

●Here a script is provided for installing all dependent libraries needed and

configuration of starting the camera and other auto start programs.

●Type in the code below in the terminal window to run the dependent libraries

for the script `setup.py`:

sudo python3 adeept_alter/setup.py

●Press ‘enter’ and the script will auto run. This may take minutes or hours,

depending on the network status. Please wait until it's done.

●After installation is completed, the following prompts will appear:

The program in Raspberry Pi has been installed, disconnected and restarted.

You can now power off the Raspberry Pi to install the camera and driver board (Motor

HAT). After turning on again, the Raspberry Pi will automatically run the program to

set the servos port signal to turn the servos to the middle position, which is convenient

for mechanical assembly.

●When installation is completed, the Raspberry Pi will automatically disconnect

SSH and reboot. If you used puTTy to connect the Raspberry Pi, there can be an error

prompt like `Network error:Software caused connection abort`. You can just ignore

and close it.
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18.4.6 Run the Raspberry Pi Robot's Program

●Raspberry Pi auto runs the program for the robot when rebooting every time,

which is the part `[RobotName]/server/webServer.py` (replace `[RobotName]` for the

name of the folder for your robot product's program). However, if the Raspberry Pi

camera or Motor HAT is not connected, the `webServer.py` can't run well. It makes

sense because the robot's program needs the camera and the chipset PCA9685. Motor

HAT controls servo with PCA9685; the Raspberry Pi communicates with PCA9685

via I2C; so if Motor HAT is not connected to Raspberry Pi, a program error will occur

when instantiating dependent libraries for PCA9685 due to communication failure.

●Power off the Raspberry Pi, connect camera module and Motor HAT, reboot it

up and now `webServer.py` can run.

●Generally you don't need to manually run `webServer.py` since it's auto run by

Raspberry Pi at every boot.

●Open a web browser (Google Chrome for example), in the address bar type in

the IP address of the Raspberry Pi, add `:5000` to the end as shown below, and press

‘enter’ to redirect to the web page of the Raspberry Pi:

http://192.168.3.157:5000/

●If it fails to enter the page, log into the Raspberry Pi via SSH, type in the

command below to end the program auto run at boot to release resources, or else

issues like camera initialization failure or occupied ports.

sudo killall python3

●Type in the command below to run `webServer.py`:

sudo python3 adeept_alter/server/webServer.py

●Check whether there's any error and solve them based on instructions in the

Q&A section below.
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Lesson 19 Introduction to the WEB APP

We have developed a WEB application to control the robot to lower the threshold

for the use of the robot.The WEB app is developed for common users to control the

robot in an easier way. It's convenient to use WEB app; you may use it to wirelessly

control the robot on any device with a web browser (Google Chrome was used for

testing).

Generally Raspberry Pi will auto run `webServer.py` when booting and establish

a web server in the LAN. You may then use any other computer, mobile or tablet in

the same LAN to visit the web page and control the robot.

How to tell whether the robot has run the `webServer.py` or not: If the

WS2812-LED lights up with the breathing effect, it means the robot has booted and

runs the program automatically.

If the program is not run when the robot is booted, try to connect Raspberry Pi

via SSH, manually run `webServer.py` with code and check the errors. Refer to the

Q&A below or email us for help (before manually running `webServer.py`, you need

to end the program possibly auto run in the back end to release resources.

sudo killall python3

sudo python3 [RobotName]/server/webServer.py

If the `webServer.py` is auto run successfully, open a web browser (here Google

Chrome), type in the IP address of the Raspberry Pi, with `:5000` added to the end,

and go to the next step, as shown below:

192.168.3.157:5000

If no image is displayed, try manual running `webServer.py` as described in the

step above.

If image is shown, you can control the robot to move now. You may check the

description for keyboard shortcuts `Instruction` at the bottom and control the robot

based on its general functions with the keyboard.
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`Video` window: shows the image captured by the robot's camera in real time.

`Move Control` window: is to control the basic movements of the robot.

`Arm Control`: controls the robot's limb movement（Alter Dog）:

UPDOWN: controls the robot to stand up and squat.

LEFT RIGHT: controls the robot to tilt left and right.

CVFL Control window: is used to control the robot's visual line-following function.

More information about this function will be explained in detail in the subsequent

OpenCV chapters. Here we only briefly introduce the function usage:

START: is used to turn on the visual tracking function, if you press this button again,

the visual tracking function will be turned off.

COLOR: is used to switch the mode of searching for white lines on black

background or black lines on white background. Default search mode for white lines

on black background.Click it to find black lines on white background.

This line-following function analyzes the pixel information of two horizontal lines to

perform line-following. The positions of the two horizontal lines are L1 and L2

respectively.
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SP: is the threshold value that the visual analysis result is applied to the steering

command. The larger the SP value, the greater the error. A too small SP value will

cause the robot to be unable to aim at the target direction and stagnate.

After the visual patrol function is turned on, the real-time video screen will

automatically become the result of binarization, so that the robot's visual analysis

process will be more intuitive.

Hard Ware window: is used to display the CPU temperature, CPU usage and

memory usage of the Raspberry Pi.

Actions window: is used to control the special functions of the robot:

MOTION GET：based on the motion detection function of OpencCV. When there is

an object moving in the camera screen, the program will circle the moving part in the

Video window, and the LED on the robot will also change accordingly.

AUTO MATIC：Ultrasonic-based automatic obstacle avoidance function. When the

robot ultrasonic wave detects an obstacle in front, it will automatically turn left to

avoid the obstacle. If the obstacle is too close, the robot will move backward to avoid

the obstacle.

KEEPDISTANCE ： based on the distance keeping function of the ultrasonic

module.The robot will move backward when the object in front of the robot is too

close. On the contrary, the robot will move forward when the object is too far away.

TRACK LINE：based on the line tracking function of the three-way infrared line

tracking module. The default is to find the black line on the white background (the

white background is a plane that reflects infrared light, and the black line is a line that

does not reflect infrared light, and the width is about 1cm), depending on the material

of the plane and line and the different height of the robot's chassis , you may need to

use a Phillips screwdriver to adjust the potentiometer on the line-following module to

achieve the best performance.

SPEECH：the robot will play the default emoji animation.

FC Control window: is used to control the color lock function of the robot:

START: is used to turn on the color search and tracking function. When this function
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is turned on, it will be turned off if we click it again.

COLOR: is used to select the color to be traced.

When this function is turned on, the robot will automatically lock a certain color

object in the camera screen.The default is bright yellow.You can choose the color that

needs to be locked.When the object is locked, the LED on the robot body will light up.

If you are interested, you can add the motor control part according to the subsequent

OpenCV chapter, so that the robot can be horizontally locked.



185

Lesson 20 Alter Dog Assembly Tutorial
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Links to resources about Alter Dog

project address:https://github.com/adeept/alter

RobotGit:https://github.com/adeept/alter.git

20.1 Parts list

Electrical parts

Name Quantity

MPU6050 1

Raspberry Pi camera 1

Small warm color LED 2

Raspberry Pi Driver Board（Robot HAT） 1

— —

— —

0.96 OLED Screen 1

AD002 Servo 8

18650 Double battery box 1

WS2812 LED 1

RGB ultrasonic module (vertical socket) 1

— —

APDS9960 1

Ultrasonic wave module 1

Copper pillar
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Name Quantity

M2.5x14 4

M2.5x6+6 4

M3x30 6

M2.5x10+6 8

Screw

Name Quantity

M3x6 Countersunk screw 2

M2.5x4 8

M2.5x8 8

M2x8 28

M1.4x6 Self-tapping screw 2

M3x12 4

M3x8 30

Nut

Name Quantity

M2 32

M3 15

M3_LOCK Locknut 12

Wire

Name Quantity
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Name Quantity

Raspberry Pi camera black cable 1

3pin wire（ws2812） 1

4pin - 2pinX2 wire（Ultrasonic wave module） 1

— —

4pin wire（OLED） 1

Female-to-female Dupont wire 1 group

Tool

Name Quantity

Cross wrench 1

Big Phillips screwdriver 1

Bobbin 1

Own parts

Name Quantity

18650 battery 2

Raspberry Pi (3B, 3B+ or 4 are all supported) 1

Screw color description:
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In order to make the structural assembly process more intuitive, we dye the

screws used in the product. During the assembly process, you can refer to the color of

the fasteners in the tutorial to determine which type of screws and nuts to use.

The actual color of the product is subject to the product, and the actual screws are

not colored.

Among them, the screws of M1.4x6 and M3x25 are very different, so we use

silver in the tutorial without dyeing.

Name of aluminum alloy parts:

C01 x1
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20.2Alter Dog Assembly Guide

1. Use M2x8 source screw and M2 nut to install AD002 servo to A02.

Install the rocker arm of AD002 servo. (You need to refer to the content of the

assembly precautions to turn the servo gear to the middle position before installing the

servo rocker arm. The rocker arm installation angle is approximately as shown in the

figure. We will introduce the servo fine-tuning in the following chapters.)

2. Use M3x6 countersunk screws and M3 nuts to install the battery box.
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3. Use M2.5x8 screws and the self-tapping screws in the servo package to install

L01 to the servo arm.

4. Use M3x8 screws and M3 locknuts to connect L02 and L01.

Use M3x12 screws and M3 locknuts to install L03 between L02 and L01.

Use M2.5x4 screws to install M2.5x6+6 copper pillars to A02.

Use M2x8 screws and M2 nuts to install the WS2812 LED to A02.

5. Install two small warm light LED to A02.
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6. Use M2.5x14 copper pillars to install the Raspberry Pi to A02.(If the Raspberry

Pi cannot be installed or the holes are not aligned, the reason is that the structure of

the A02 is bent. You need to remove the battery box, and then use both hands to

restore the bent and deformed A02 until it can be adjusted to fit the Raspberry Pi

driver board.)

Use M2.5x10+6 copper posts to install the Robot HAT driver board on the

Raspberry Pi.

7. Use M1.4x6 tapping screws to install the blue ultrasonic module to A01.
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8. Use M2x8 screws and M2 nuts to install the OLED screen to A01.

Use M2.5x10+6 copper pillars to install A01 to A02.

9. Use M2.5x4 screws to install A03 on A01.

Use M3x8 screws and M3 nuts to install C01 on A03.
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10. Use M2x8 screws and M2 nuts to install the camera on C01.
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11. Assembly is complete.

20.3 Wiring method

1. If you don't know how to connect the camera, you can refer to the official

documentation of the Raspberry Pi camera.

2. There are four servos on the left side of Alter Dog's forward direction. The first

servo from the front is connected to PWM-0.The second servo is connected to
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PWM-1. The third servo is connected to PWM-2. And the fourth servo is connected to

PWM- 3; There are four servos on the right side of the forward direction. From the

front to the back, the first servo is connected to PWM-4, and the second servo is

connected to PWM-5, and the third servo is connected to PWM-6, and the fourth

servo is connected to PWM-7.

3. The ultrasonic module is connected to the Ultrasonic port with a 4pin cable.

Never connect the ultrasonic module to the IIC port, which will cause permanent

damage to the ultrasonic module.

4. The WS2812 light bar is connected to the WS2812 port using a 3pin wire. It

should be noted that the signal to control the light is sent by the Raspberry Pi and sent

to the WS2812 light bar with the 3PIN wire by the driver board. It needs to be

connected from the light bar with a white stripe (the interface text on the back of this

end is marked with IN).

5. The OLED screen is connected to the IIC port of the driver board with a 4PIN

wire.

6. MPU6050 is inserted into the 8PIN DuPont port on the front of the driver

board.

7. Connect the power supply to the VIN port.
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20.4 Tips for Structural Assemblage

Since many servos are used in the product, the servo installation is critical for the

robot. Before installing the rocker arm to the servo, you need to connect the servo to

power and make the servo shaft rotate to the central position, so the rocker arm

installed at the designated degree will be in the central position.

Generally Raspberry Pi will auto run `webServer.py` when booting, when

`webServer.py` will control all the ports connected to servos to send a signal of

rotating to the central position. When assembling the servo, you can connect it to any

servo port anytime. After connecting the servo to the port, the gears will rotate to the

central position; assemble the rocker arm to the servo, disconnect the servo from the

port, and insert more servos to repeat rocker arm assembly (all servos will be in the

central position).

When the servo is connected to power, try moving the rocker arm. If it can't be

moved, it indicates the program for the servo works; otherwise there's error for the

servo program. Run the line `[RobotName]/initPosServos.py` (replace `[RobotName]`

with the folder name of your robot's program) to make the servo rotate to the central

position.

When booting (it may take 30-50s), it takes a while for the Raspberry Pi to
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control PCA9685 to set signal of all servo ports for central position rotating.

All the servo rocker arm installation angles shown in the document are the middle

position of the servo. When the servo is turned on to the middle position, we install

the servo rocker arm according to the angle shown in the document.

Note: All lock nuts involved in this document should not be tightened.

20.5 Tips for Power Provision

When you install the software, assemble the structure and debug the program,

you can use a USB cable to power the raspberry pi. If the raspberry pi is installed with

Motor HAT, you can connect the USB cable to the USB interface on the Motor HAT.

Motor HAT will supply power to the raspberry pi through the GPIO interface.

The demand of different raspberry pi for electric current is different. For example,

the raspberry pi 3B needs at least 2A of current to start up, and the raspberry pi 4

needs 3A to start up normally. You can check the specifications on your power adapter

before you use the power adapter to power the raspberry pi.

When Motor HAT is connected to a load (such as connecting to a motor or

multiple servos), you need to use a power supply that supports high current to connect

to Vin on Motor HAT. You can use two 18650 batteries that support high current to

power Motor HAT. Our product will provide a dual 18650 battery box with 2pin

interface, you can directly connect it to Motor HAT.

When you use the USB interface on Motor HAT to supply power, Motor HAT's

switch does not control whether to supply power, Motor HAT's switch can only

control the power supply of Vin.

Do not use the USB interface and Vin on the Motor HAT to supply power at the

same time. If you need to debug the program for a long time and do not want to

remove the battery, you can set the switch on the Motor HAT to OFF. So, when using

a USB cable to connect Motor HAT, Motor HAT is powered by USB.
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If your robot restarts automatically after starting up or the robot disconnects and

restarts suddenly when it starts moving after been started up normally, it is most likely

because your power supply does not output enough current. When the robot is starting

up, it will automatically run the program to put all the servos in the neutral position.

The voltage drop caused by this process causes the raspberry pi to restart.

We have tested that when using 7.4V power supply, the peak current of the robot

is about 3.75A, so you need to use a battery that supports 4A output.

You can also use a power lithium battery to power Motor HAT. Motor HAT

supports the power supply that is below 15V.

You can use a USB cable to supply power to Motor HAT when the installing the

rocker arm of the servo during structural assembly. After the robot software is

installed, the raspberry pi will control Motor HAT to set all servo ports to output the

neutral signal after it is started up. At this time, you can connect the servo to any servo

port, the servo gear will turn to the neutral position, and then you can install the

rocker arm of the servo according to the specified angle. After the rocker arm is

installed, the servo can be disconnected from Motor HAT. When you need to install

the rocker arm of the second servo, you only need to connect the second servo to any

servo port on the drive board.

20.6 Alter Dog servo initial position adjustment

As Alter Dog's servo is used in a large number and has strict requirements on the

initial angle of the servo, we need to adjust the center position of the Alter Dog servo.

The previous installation process does not need to be installed strictly according to the

angle, because the servo swing range in our program is only about 100°.

When we open the robot's WEB application, we find the following PWM INIT

SET window. Here is the module we use to set the position of the servo.



200

When the mouse moves to the PWM box, there will be two up and down arrows.

You can click these two arrows to select the servo you need to correct: the number

shown is the servo connected to the corresponding PWM interface.

After selecting the servo to be adjusted, click "<" and ">" to change the angle of

the corresponding servo. Since the numerical change in the program is relatively

small, you may need to click multiple times to see the obvious servo rotation. When

the servo swings vertically downward (as shown in the figure below),we click

SETPWM to save the settings. After saving the settings, we adjust the next servo, and

so on, until all the servos 0 to 7 are adjusted.
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As shown in the figure above,Press "<"AND">" to swing its rocker arm to the

vertical position, and then click SETPWM, and the No. 0 servo is adjusted. You need

to adjust all 8 servos from No. 0 to No. 7 to be vertical. After restarting the robot,

Alter Dog can move normally.

The last gear icon means to return all servo settings to the initial default values.
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Lesson 21 Alter Racing Car Assembly Tutorial

Links to resources about Alter Racing Car



203

project address:https://github.com/adeept/alter

RobotGit:https://github.com/adeept/alter.git

21.1 Parts list

Electrical parts
Name

Quantity

MPU6050 1

Raspberry Pi camera 1

Small warm color LED 2

Raspberry Pi Driver Board（Robot HAT） 1

— —

Banana motor and wheels 4 pairs

0.96 OLED Screen 1

— —

18650 Double battery box 1

WS2812 LED 1

RGB ultrasonic module (vertical socket) 1

3-way tracking module 1

APDS9960 1

Ultrasonic wave module 1

Copper pillar

Name Quantity

M2.5x14 4

M2.5x6+6 4

M3x30 6

M2.5x10+6 8
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Screw

Name Quantity

M3x6 Countersunk screw 2

M2.5x4 8

M2.5x8 8

M2x8 12

M1.4x6 Self-tapping screw 2

M3x25 8

M3x8 18

Nut

Name Quantity

M2 16

M3 15

— —

Wire

Name Quantity

Raspberry Pi camera black cable 1

3pin wire（ws2812） 1

4pin - 2pinX2 wire（Ultrasonic wave module） 1

5pin wire（Tracking module） 1

4pin wire（OLED） 1

Female-to-female Dupont wire 1 pair

Tool

Name Quantity
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Name Quantity

Cross wrench 1

Big Phillips screwdriver 1

Bobbin 1

Own parts

Name Quantity

18650 battery 2

Raspberry Pi (3B, 3B+ or 4 are all supported) 1

Screw color description:

In order to make the structural assembly process more intuitive, we dye the

screws used in the product. During the assembly process, you can refer to the color of

the fasteners in the tutorial to determine which type of screws and nuts to use.

The actual color of the product is subject to the product, and the actual screws are

not colored.

Among them, the screws of M1.4x6 and M3x25 are very different, so we use

silver in the tutorial without dyeing.

Name of aluminum alloy parts:
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C01 x1

21.2Alter Racing Car Assembly Guide

Install the DC motor to A02 with M3x25 screws and M3 nuts.

Install wheels (can be installed in the last step).
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Use M3x6 countersunk screws and M3 nuts to install the battery box to A02.

Use M2.5x4 screws to install M2.5x6+6 copper pillars to A02.

Use M2x8 screws and M2 nuts to install the WS2812 LED to A02.

Install the small warm light LED on A02.

Use M2.5x14 copper pillars to install the Raspberry Pi to A02.(If the Raspberry

Pi cannot be installed or the holes are not aligned, the reason is that the structure of

the A02 is bent. You need to remove the battery box, and then use both hands to
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restore the bent and deformed A02 until it can be adjusted to fit the Raspberry Pi

driver board.)

Use M2.5x10+6 copper pillars to install Robot HAT driver board to Raspberry Pi.
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Use M1.4x6 self-tapping screws to install the blue ultrasonic module to A01.

Use M2x8 screws and M2 nuts to install the OLED screen to A01.

Use M2.5x10+6 copper pillars to install A01 to A02.
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Use M3x8 screws and M3 nuts to install C01 to A03.
Use M2.5x4 screws to install A03 to A01.

Use M2x8 screws and M2 nuts to install the camera module to C01.
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The assembly is complete.

21.3 Wiring method

1. If you don't know how to connect the camera, you can refer to the official

documentation of the Raspberry Pi camera.

2. The motor on the left side of Alter Racing Car is connected to the MOTOR-B

port; the motor on the right side is connected to the MOTOR-A port.

3. The ultrasonic module is connected to the Ultrasonic port with a 4pin cable.

Never connect the ultrasonic module to the IIC port, which will cause permanent

damage to the ultrasonic module.

4. The WS2812 light bar is connected to the WS2812 port using a 3pin wire. It

should be noted that the signal to control the light is sent by the Raspberry Pi and sent

to the WS2812 light bar with the 3PIN wire by the driver board. It needs to be

connected from the light bar with a white stripe (the interface text on the back of this

end is marked with IN).

5. The OLED screen is connected to the IIC port of the driver board with a 4PIN

wire.

6. MPU6050 is inserted into the 8PIN DuPont port on the front of the driver

board.
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7. Connect the power supply to the VIN port.

8. The tracking module is connected to the Tracking port with a 5PIN wire. (Alter

Dog does not install the tracking module)

21.4 Tips for Structural Assemblage

Since many servos are used in the product, the servo installation is critical for the

robot. Before installing the rocker arm to the servo, you need to connect the servo to

power and make the servo shaft rotate to the central position, so the rocker arm
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installed at the designated degree will be in the central position.

Generally Raspberry Pi will auto run `webServer.py` when booting, when

`webServer.py` will control all the ports connected to servos to send a signal of

rotating to the central position. When assembling the servo, you can connect it to any

servo port anytime. After connecting the servo to the port, the gears will rotate to the

central position; assemble the rocker arm to the servo, disconnect the servo from the

port, and insert more servos to repeat rocker arm assembly (all servos will be in the

central position).

When the servo is connected to power, try moving the rocker arm. If it can't be

moved, it indicates the program for the servo works; otherwise there's error for the

servo program. Run the line `[RobotName]/initPosServos.py` (replace `[RobotName]`

with the folder name of your robot's program) to make the servo rotate to the central

position.

When booting (it may take 30-50s), it takes a while for the Raspberry Pi to

control PCA9685 to set signal of all servo ports for central position rotating.

21.5Tips for Power Provision

When you install the software, assemble the structure and debug the program,

you can use a USB cable to power the raspberry pi. If the raspberry pi is installed with

Motor HAT, you can connect the USB cable to the USB interface on the Motor HAT.

Motor HAT will supply power to the raspberry pi through the GPIO interface.

The demand of different raspberry pi for electric current is different. For example,

the raspberry pi 3B needs at least 2A of current to start up, and the raspberry pi 4

needs 3A to start up normally. You can check the specifications on your power adapter

before you use the power adapter to power the raspberry pi.

When Motor HAT is connected to a load (such as connecting to a motor or

multiple servos), you need to use a power supply that supports high current to connect

to Vin on Motor HAT. You can use two 18650 batteries that support high current to
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power Motor HAT. Our product will provide a dual 18650 battery box with 2pin

interface, you can directly connect it to Motor HAT.

When you use the USB interface on Motor HAT to supply power, Motor HAT's

switch does not control whether to supply power, Motor HAT's switch can only

control the power supply of Vin.

Do not use the USB interface and Vin on the Motor HAT to supply power at the

same time. If you need to debug the program for a long time and do not want to

remove the battery, you can set the switch on the Motor HAT to OFF. So, when using

a USB cable to connect Motor HAT, Motor HAT is powered by USB.

If your robot restarts automatically after starting up or the robot disconnects and

restarts suddenly when it starts moving after been started up normally, it is most likely

because your power supply does not output enough current. When the robot is starting

up, it will automatically run the program to put all the servos in the neutral position.

The voltage drop caused by this process causes the raspberry pi to restart.

We have tested that when using 7.4V power supply, the peak current of the robot

is about 3.75A, so you need to use a battery that supports 4A output.

You can also use a power lithium battery to power Motor HAT. Motor HAT

supports the power supply that is below 15V.

You can use a USB cable to supply power to Motor HAT when the installing the

rocker arm of the servo during structural assembly. After the robot software is

installed, the raspberry pi will control Motor HAT to set all servo ports to output the

neutral signal after it is started up. At this time, you can connect the servo to any servo

port, the servo gear will turn to the neutral position, and then you can install the

rocker arm of the servo according to the specified angle. After the rocker arm is

installed, the servo can be disconnected from Motor HAT. When you need to install

the rocker arm of the second servo, you only need to connect the second servo to any

servo port on the drive board.
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Lesson 22 Alter Classic Car Assembly Tutorial

Links to resources about Alter Classic Car
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project address:https://github.com/adeept/alter

RobotGit:https://github.com/adeept/alter.git

22.1 Parts list

Electrical parts

Name Quantity

MPU6050 1

Raspberry Pi camera 1

Small warm color LED 2

Raspberry Pi Driver Board（Robot HAT） 1

360°servo and wheels 4 pairs

— —

0.96 OLED Screen 1

— —

18650 Double battery box 1

WS2812 LED 1

RGB ultrasonic module (vertical socket) 1

3-way tracking module 1

APDS9960 1

Ultrasonic wave module 1

Copper pillar Quantity
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Name

M2.5x14 4

M2.5x6+6 4

M3x30 6

M2.5x10+6 8

Screw

Name Quantity

M3x6 Countersunk screw 2

M2.5x4 8

— —

M2x8 20

— —

M1.4x6 Self-tapping screw 2

M3x8 18

Nut

Name Quantity

M2 24

M3 15

— —

Wire
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Name Quantity

Raspberry Pi camera black cable 1

3pin wire（ws2812） 1

4pin - 2pinX2 wire（Ultrasonic wave module） 1

5pin wire（Tracking module） 1

4pin wire（OLED） 1

Female-to-female Dupont wire 1 pair

Tool

Name
Quantity

Cross wrench 1

Big Phillips screwdriver 1

Bobbin 1

Own parts

Name Quantity

18650 battery 2

Raspberry Pi (3B, 3B+ or 4 are all supported) 1

Screw color description:
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In order to make the structural assembly process more intuitive, we dye the

screws used in the product. During the assembly process, you can refer to the color of

the fasteners in the tutorial to determine which type of screws and nuts to use.

The actual color of the product is subject to the product, and the actual screws are

not colored.

Among them, the screws of M1.4x6 and M3x25 are very different, so we use

silver in the tutorial without dyeing.

Name of aluminum alloy parts:
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C01 x1

22.2Alter Classic Car Assembly Guide

Use M2x8 screws and M2 nuts to install the blue 360°servo to A02.

Use M3x6 countersunk screws and M3 nuts to install the battery box to A02.
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Use M3x8 screws and M3 copper pillars to install the tracking module to A02 (the

white arrow on the tracking module faces the forward direction of the robot).

Use M2.5x4 screws to install M2.5x6+6 copper pillars to A02.

Use M2x8 screws and M2 nuts to install the WS2812 to A02.
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like this:

Install the small warm light LED to A02.
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Use M2.5x14 copper pillars to install the Raspberry Pi to A02.(If the Raspberry

Pi cannot be installed or the holes are not aligned, the reason is that the structure of

the A02 is bent. You need to remove the battery box, and then use both hands to

restore the bent and deformed A02 until it can be adjusted to fit the Raspberry Pi

driver board.)

Use M2.5x10+6 copper pillars to install Robot HAT driver board to Raspberry Pi.

Use M1.4x6 tapping screws to install the blue ultrasonic module to A01.
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Use M2x8 screws and M2 nuts to install the OLED screen to A01.

Use M2.5x10+6 copper pillars to install A01 to A02.

Install C01 to A03 by using M3x8 screws and M3 nuts.

Use M2.5x4 screws to install A03 to A01.
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Use M2x8 screws and M2 nuts to install the camera module to C01.
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The assembly is complete.

22.3 Wiring method

1. If you don't know how to connect the camera, you can refer to the official

documentation of the Raspberry Pi camera.

2. In the forward direction of Alter Classic Car, the front left servo is connected to

PWM-8, the left rear servo is connected to PWM-9, the right front servo is connected

to PWM-10, and the right rear servo is connected to PWM-11.

3. The ultrasonic module is connected to the Ultrasonic port with a 4pin cable.

Never connect the ultrasonic module to the IIC port, which will cause permanent

damage to the ultrasonic module.

4. The WS2812 light bar is connected to the WS2812 port using a 3pin wire. It

should be noted that the signal to control the light is sent by the Raspberry Pi and sent

to the WS2812 light bar with the 3PIN wire by the driver board. It needs to be

connected from the light bar with a white stripe (the interface text on the back of this

end is marked with IN).



228

5. The OLED screen is connected to the IIC port of the driver board with a 4PIN

wire.

6. MPU6050 is inserted into the 8PIN DuPont port on the front of the driver

board.

7. Connect the power supply to the VIN port.

8. The tracking module is connected to the Tracking port with a 5PIN wire. (Alter

Dog does not install the tracking module)
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22.4 Tips for Structural Assemblage

Since many servos are used in the product, the servo installation is critical for the

robot. Before installing the rocker arm to the servo, you need to connect the servo to

power and make the servo shaft rotate to the central position, so the rocker arm

installed at the designated degree will be in the central position.

Generally Raspberry Pi will auto run `webServer.py` when booting, when

`webServer.py` will control all the ports connected to servos to send a signal of

rotating to the central position. When assembling the servo, you can connect it to any

servo port anytime. After connecting the servo to the port, the gears will rotate to the

central position; assemble the rocker arm to the servo, disconnect the servo from the

port, and insert more servos to repeat rocker arm assembly (all servos will be in the

central position).

When the servo is connected to power, try moving the rocker arm. If it can't be

moved, it indicates the program for the servo works; otherwise there's error for the

servo program. Run the line `[RobotName]/initPosServos.py` (replace `[RobotName]`

with the folder name of your robot's program) to make the servo rotate to the central

position.

When booting (it may take 30-50s), it takes a while for the Raspberry Pi to

control PCA9685 to set signal of all servo ports for central position rotating.

22.5Tips for Power Provision

When you install the software, assemble the structure and debug the program,

you can use a USB cable to power the raspberry pi. If the raspberry pi is installed with

Motor HAT, you can connect the USB cable to the USB interface on the Motor HAT.

Motor HAT will supply power to the raspberry pi through the GPIO interface.

The demand of different raspberry pi for electric current is different. For example,

the raspberry pi 3B needs at least 2A of current to start up, and the raspberry pi 4
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needs 3A to start up normally. You can check the specifications on your power adapter

before you use the power adapter to power the raspberry pi.

When Motor HAT is connected to a load (such as connecting to a motor or

multiple servos), you need to use a power supply that supports high current to connect

to Vin on Motor HAT. You can use two 18650 batteries that support high current to

power Motor HAT. Our product will provide a dual 18650 battery box with 2pin

interface, you can directly connect it to Motor HAT.

When you use the USB interface on Motor HAT to supply power, Motor HAT's

switch does not control whether to supply power, Motor HAT's switch can only

control the power supply of Vin.

Do not use the USB interface and Vin on the Motor HAT to supply power at the

same time. If you need to debug the program for a long time and do not want to

remove the battery, you can set the switch on the Motor HAT to OFF. So, when using

a USB cable to connect Motor HAT, Motor HAT is powered by USB.

If your robot restarts automatically after starting up or the robot disconnects and

restarts suddenly when it starts moving after been started up normally, it is most likely

because your power supply does not output enough current. When the robot is starting

up, it will automatically run the program to put all the servos in the neutral position.

The voltage drop caused by this process causes the raspberry pi to restart.

We have tested that when using 7.4V power supply, the peak current of the robot

is about 3.75A, so you need to use a battery that supports 4A output.

You can also use a power lithium battery to power Motor HAT. Motor HAT

supports the power supply that is below 15V.

You can use a USB cable to supply power to Motor HAT when the installing the

rocker arm of the servo during structural assembly. After the robot software is

installed, the raspberry pi will control Motor HAT to set all servo ports to output the

neutral signal after it is started up. At this time, you can connect the servo to any servo

port, the servo gear will turn to the neutral position, and then you can install the

rocker arm of the servo according to the specified angle. After the rocker arm is
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installed, the servo can be disconnected from Motor HAT. When you need to install

the rocker arm of the second servo, you only need to connect the second servo to any

servo port on the drive board.
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Lesson 23 Common Problems and Solutions(Q&A)

1.Where to find the IP address of the Raspberry Pi?

Before connecting the Raspberry Pi via SSH, you need to know the IP

address of the Raspberry Pi. Check the Management interface for your router, or

download the app `Network Scanner` -> search for a device named `RASPBERRY`

or `Raspberry Pi Foundation` to get the IP address.

For other methods of obtaining the IP address of Raspberry Pi, refer to the

official documentation [IPAddress]

2.Errors occur with `permission denied` prompt when I manually run

`server.py` or `webServer.py`.

The Raspberry Pi needs the root permission to run the dependent libraries for

WS2812 LED lights control.

You need to add `sudo` to the beginning of `server.py` or `webServer.py` to

run the program.

sudo python3 [PATH]/server.py

sudo python3 [PATH]/webServer.py

3.I can't create the hots pot for the robot.

You need to use the open source project create_ap to setup the robot's hotspot.

Prior to use, disconnect WiFi network but DO NOT turn the WiFi module off, or the

create_ap will show an error of hardware being blocked.

4.The servo rotates to an abnormal degree.

Before assembling the rocker arm and servo, you need to make the servo

gears rotate to the central position of its rotating range. Then assemble the rocker arm

based on the angle instructed in the documentation. There can be a deviation of less

than 9° due to the structure of the servo (number of teeth is 20 for the servo gears).

For better performance, you may refer to the servo control documentation for initial

degree adjustment by code.

https://www.raspberrypi.org/documentation/remote-access/ip-address.md
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5.The servo is shaking.

Probably the servo reducing gear is broken.

6.Raspberry Pi can't boot.

Remove all parts on the driver board. Only connect the board to Raspberry Pi

and power supply, reboot.

7."Remote side unexpectedly closed network connection" shows on a

popup window.

There can be error prompts during installation because the Raspberry Pi will

auto reboot after the installation, which will disconnect the board.

8.Program crashes after double clicking on client.py or GUI.py.

Run the script by `python client.py` or `python GUI.py` in cmd and check the

error reports.

9.How to initialize the servo's angle?

If you've finished software installation on the Raspberry Pi, just boot it up

and the servo will be initialized.

10.I can connect to the Raspberry Pi terminal via SSH \ Raspberry Pi

failed to connect a WiFi.

The power supply methods will not influence control by SSH. Check whether

you've created the file `wpa_supplicant.conf` for multiple times. If yes, that's problem

causing SSH errors.

11.Can I supply the Motor HAT and Raspberry Pi via USB?

A 2A output is required for a Raspberry Pi 3B, when at least 3A is needed for

a Raspberry Pi 4. You can use the USB power for software installation and testing, but

it's not suitable for high power module like servo or motor adjustment as it may result

in low voltage. It's recommended to use battery for power here.

12.After installation, the robot shows no response when booting.

The `server.py` or `webServer.py` may not run due to some reasons. Try to

manually run `server.py` or `webServer.py` and check whether there's any error

prompt.
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13.The servo doesn't return to the central position when connected to the

driver board.

In general, the Raspberry Pi will auto run `webServer.py` when booting, and

`webServer.py` will run and control the servo ports to send a signal of rotating to the

central position. When assembling the servo, you can connect it to any servo port

anytime. After connecting the servo to the port, the gears will rotate to the central

position; assemble the rocker arm to the servo, disconnect the servo from the port, and

insert more servos to repeat rocker arm assembly (all servos will be in the central

position).

When the servo is powered on, try moving the rocker arm. If it can't be

moved, it indicates the program for the servo works; otherwise there's error for the

servo program. Run the line `[RobotName]/initPosServos.py` (replace `[RobotName]`

with the folder name of your robot's program) to make the servo rotate to the central

position.

When booting (it may take 30-50s), it takes a while for the Raspberry Pi to

control PCA9685 to set signal of all servo ports for central position rotating.

14.no cv2 error occurs when I manually run `server.py` or `webServer.py`.

OpenCV is not installed correctly. Type in the command sudo pip3 install

opencv-contrib-python in the Raspberry Pi to manually install OpenCV.

15.When using a computer to copy ssh and wpa_supplicant.conf to the SD

card, it prompts that there is no SD card.

If this happens, unplug the card reader and connect it to the computer.

16.SSH can't connect, error WARNING: REMOTE HOST

IDENTIFICATION HAS CHANGED!

Enter the following in the command line and press Enter

ssh-keygen -R Add the Raspberry Pi's IP address

For example:

ssh-keygen -R 192.168.3.157

Then you can SSH to the Raspberry Pi again
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17.Raspberry Pi automatically restarts after booting / restart the robot

once it starts to move.

If your robot automatically restarts after powering on, or disconnects and restarts

when the robot starts to move after normal power on, it is likely because your power

supply does not output enough current, and the robot will automatically run the

program when it starts Put all the servos in the neutral position, the voltage drop

caused by this process causes the Raspberry Pi to restart.

We have tested that when using 7.4V power supply, the peak current of the robot is

about 3.75A, so you need to use support 4A output battery.

18. The servo is moving in the wrong direction

Due to the different batches of servos, when the same angle change trend is given

to the servos, the actual movement direction of the servos may be opposite. We have

set up the interface for adjusting the direction of the servos in the program. You need

to open RPIservo.py and find the array sc_direction in ServoCtrl. If the direction of

the servo of port 3 is reversed, you change the fourth 1 to -1 (the array number starts

from zero, so port 3 corresponds to the fourth 1) .

If the servo of port 3 moves in the wrong direction:

Before modification:

self.sc_direction = [1,1,1,1, 1,1,1,1, 1,1,1,1, 1,1,1,1]

After modification (the sequence number of the array starts from zero, so port 3

corresponds to the fourth 1):

self.sc_direction = [1,1,1,-1, 1,1,1,1, 1,1,1,1, 1,1,1,1]

19. The direction of motor movement is incorrect.

Due to different batches of motors, when the same signal is given, the direction of

rotation of the motor may be different from time to time. We have set up an interface

to adjust the direction of rotation of the motor in the program. You need to open

move.py. In the upper part of the program, you can see the following variable

definitions:

Dir_forward = 0



236

Dir_backward = 1

left_forward = 0

left_backward = 1

right_forward = 0

right_backward= 1

If all motor actions are reversed, you just change Dir_forward = 0 to Dir_forward

= 1, and change Dir_backward = 1 to Dir_backward = 0.

If you only have one motor whose action is reversed, you only need to change the

corresponding set of variables.

20. After running the server, an error was reported that config.txt could not

be found.

This is because the installation script did not copy config.txt to the specified

location due to permission issues during installation. The new version of webServer

will not use this file. Only the old version of the server will use it. You need to remove

this file from the tree Copy the server folder of Raspberry Pi to //etc/ of Raspberry Pi,

by using the following command

sudo cp -f //home/pi/adeept_alter/server/config.txt //etc/config.txt

Just replace the adept_alter above with your product name. Let’s take alter as an

example.
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Lesson 24 The Program to Start Automatically

24.1 Set The Specified Program to Run Automatically

at Boot

This section only introduces the auto-run method used by our products. If you

need more information about the Raspberry Pi auto-run program, you can refer to this

document from itechfythe document Auto-Run.

If you have used the operation steps of 3.5 or 3.6, then the script program has

been configured to automatically run the program at startup. In this chapter, we

explain how to set a program to start automatically at startup from scratch.

First we use the following code to create a new startup.sh:

sudo touch //home/pi/startup.sh

Edit startup.sh

sudo nano startup.sh

Write the following content in startup.sh, where python3 is followed by the

program you want to run automatically. Note that you must use an absolute path here.

Let's take webServer.py as an example.

#!/bin/sh

sudo python3 [RobotName]/server/webServer.py

After Ctrl + X To exit editing. Press Y Save. Enter Confirm and exit editing.

Give startup.sh permissions, where *** is the Linux permission code, we do

not recommend the use of permissions such as 777, but for novices 777 can avoid

many account and permissions problems, of course, you can also set it to 700 , So that

only the owner can read, write and execute startup.sh, you can learn more about Linux

permissions through this article from maketecheasier the article link Understanding

File Permissions.

sudo chmod 777 //home/pi/startup.sh

https://www.itechfy.com
https://www.itechfy.com/tech/auto-run-python-program-on-raspberry-pi-startup
https://www.maketecheasier.com
https://www.maketecheasier.com/file-permissions-what-does-chmod-777-means
https://www.maketecheasier.com/file-permissions-what-does-chmod-777-means
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Edit rc.local to configure the script to run automatically

sudo nano /etc/rc.local

Add the following content under fi in the original document, save and exit:

//home/pi/startup.sh start

Of course, you can also replace the above script file path with other scripts you

want to run automatically.

24.2 Change The Program That Starts Automatically

After step 7.1, you can already set the program to run automatically at boot. If

you want to change the program to run automatically at boot, just edit startup.sh:

sudo nano //home/pi/startup.sh

For example, if we want to replace webServer.py with server.py, we only need

to edit the following:

Replace

sudo python3 [RobotName]/server/webServer.py

with

sudo python3 [RobotName]/server/server.py

Save and exit so that the robot will automatically run server.py instead of

webServer.py the next time the robot is turned on.

server.py is a socket server used when using pythonGUI. We do not

recommend it to novices here, because you need to manually install a lot of dependent

libraries in the computer that controls it to allow the GUI to communicate with it

normally. It is recommended to use the WEB application to control the Raspberry Pi

robot.
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Lesson 25 Tracking Function (Classic Car and

Racing Car)

In this lesson, we will learn how to use the Tracking module of Classic Car and

Racing Car.

25.1 Tracking Module

Classic Car and Racing Car are driving on the white paper "road" with black

lines. Because the black line and white paper have different reflection coefficients of

light, the "road" can be judged according to the intensity of the received reflected

light-black line . In the Tracking module, a more common detection method-infrared

detection method is used.

Infrared detection method uses infrared rays to have different reflection

properties on different colored physical surfaces. When the car is running, the infrared

light is continuously emitted to the ground. When the infrared light meets the white

ground, the diffuse emission occurs, and the reflected light is received by the

receiving tube installed on the car;if it encounters a black line, the infrared light is

absorbed, and the receiving tube on the car cannot receive the signal.
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25.2 Preparation

1. Assembled Classic Car and Racing Car

2. Connect the components.

Classic Car:
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Racing Car:
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3. Make a patrol track.
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25.3 Turn on the tracking function

25.3.1 Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):
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3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/server

4. Enter the command to display the contents of the current directory:

ls

5. When using the 360°Servo module, we need to install the Python dependency

library needed to control 360°Servo: Adafruit_PCA9685, enter the following

command in the console of the command window:

sudo pip3 install adafruit-pca9685

6.trackline.py is a python program, when running this program, it is associated

with several libraries, so you need to ensure that oledCtrl.py, Kalman_filter.py,
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move.py, alterMove.py are existed in the server directory at the same time . You can

run this program on the Raspberry Pi by directly typing the following commands:

sudo python3 trackline.py

9. After running the program successfully, you will observe that the robot starts

the tracking function mode.

10. When you want to terminate the running program, you can press the shortcut

key Ctrl+C on the keyboard.

25.3.2 Learning the code program of this lesson

After the above hands-on practice, you already know how to use and run our

course sample code program, then you must be curious about how our code program

is programmed to achieve the tracking function on the Raspberry Pi. Let’s learn

about our main code program together. Here we use Subline IDE to view and edit the

code program of this lesson, please see the content of lesson 2 for specific methods.

Import and instantiate the object used to control Alter.

Set the GPIO pin number of the three-way tracking module.

Set the speed during line tracking.

Initialize GPIO.
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Obtain the values of the three sensors of the tracking module.

Turn off the three lights of ws2812.

According to the sensor value of the tracking module, we determine which light

of WS2812 is on. If the light needs to be kept off, we let the fourth light be on (Alter

does not have a fourth light, so it is off). Use the status of the light to observe whether

the robot can detect the line correctly. If the line cannot be detected correctly, you

need to use a screwdriver to adjust the potentiometer on the tracking module.

Turn on the corresponding light according to the sensor value of the tracking

module. If the left and right are reversed, we switch the positions of leftStu and

rightStu.

If the three sensors of the tracking module detect the black line for a period of
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time or the robot is picked up for a period of time, it stops moving.

Turn left with the line on the left, turn right with the line on the right, go

backward with no line on the white background, and move forward with the line in

the middle.
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Lesson 26 Automatic Obstacle Avoidance Function

In this lesson, we will learn how to use the RGB ultrasonic module of Classic Car,

Racing Car and Alter Dog to realize automatic obstacle avoidance function.

26.1 Introduction of RGB ultrasonic ranging module

Since the camera used by our Raspberry Pi robot is a monocular camera and

cannot collect depth information, many of our robot products use ultrasonic ranging

modules to obtain depth information and detect whether there are obstacles in a

certain direction to get the distance of the obstacle.

The model of the ultrasonic ranging module used in our robot products is

HC-SR04. The HC-SR04 module has four pins, which are VCC, GND, Echo and Trig.

HC-SR04 can provide 2cm-400cm non-contact distance sensing function, and its

ranging accuracy can reach 3mm; the module includes ultrasonic transmitter, receiver

and control circuit. The basic working principle is as follows:

Use IO port TRIG to trigger distance measurement, and give a high level signal

of at least 10us.

The module automatically sends 8 40khz square waves, and automatically detects

whether there is a signal return.

There is a signal return, and a high level is output with the IO port ECHO. The

duration of the high level is the time from emission to return of the ultrasonic wave.

The principle of distance detection by ultrasonic ranging sensor: the method of

detecting distance by ultrasonic is called echo detection method, that is, the ultrasonic

transmitter emits ultrasonic waves in a certain direction, and the timer starts timing at

the same time as the launch time. The ultrasonic waves propagate in the air and

encounter obstacles on the way. When the object surface (object) is blocked, it will be

reflected back immediately, and the ultrasonic receiver will immediately stop timing

when the reflected ultrasonic wave is received. The propagation speed of ultrasonic
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waves in the air is 340m/s. According to the time t recorded by the timer, the distance

s from the launch point to the obstacle surface can be calculated, namely: s=340t/2.

Using this principle of ultrasound, the ultrasonic ranging module is widely used in

practical applications, such as car reversing radar, unmanned aerial vehicle, and smart

car.

When using Robot HAT driver board, you need to connect HC-SR04 to the

Ultrasonic interface on the driver board, and you must not connect it to the IIC port to

avoid burning the ultrasonic module. (IIC is an interface used to connect I2C devices,

and the pin positions of VCC and GND are different from Ultrasonic).
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26.2 Preparation

1. The assembled Classic Car, Racing Car andAlter Dog.

2. Connect the components.

Classic Car:
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Racing Car:

Alter Dog：
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26.3 Turn on automatic obstacle avoidance Function

26.3.1 Run the program of this course

1. Open the terminal software MobaXterm:
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2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/server

4. Enter the command to display the contents of the current directory:

ls

5. auto.py is the sample code of the automatic obstacle avoidance function of this

lesson, enter the command to run it:

sudo python3 auto.py
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6. After successfully running the program, the robot will automatically avoid

obstacles when it encounters obstacles.

7. When you want to terminate the running program, you can press the shortcut

key Ctrl+C on the keyboard.

26.3.2 Learning the code program of this lesson

After the above hands-on practice, you already know how to use and run our

course sample code program, then you must be curious about how our code program

is programmed to achieve the automatic obstacle avoidance function on the Raspberry

Pi. Let’s learn about our main code program together. Here we use Subline IDE to

view and edit the code program of this lesson, please see the content of lesson 2 for

specific methods.

Import and instantiate the object used to control Alter.

The pin numbers of the input and output terminals of the ultrasonic module.

The example in this tutorial is a normal blue ultrasonic module, initialize the

GPIO of the ultrasonic module.

When the value of the ranging result is less than this value, it will turn.

Calling this function will get the return value of ranging.
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Set the input terminal of the module to high level, and send out an initial sound

wave.

The module no longer receives the initial sound wave.

Write down the time when the initial sound wave was emitted.

The module receives the return sound wave.

Note the time when the return sound wave was captured.

Calculate the distance.

Turn on automatic obstacle avoidance mode.

Print out the distance measurement results.

If the measured distance ahead is less than the value specified by turnRang, turn

left; otherwise, go forward.
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Lesson 27 Multithreading WS2812 LED Control

This lesson introduces the use of multithreading to achieve some effects related to

WS2812 LED.

27.1 Introduction to Multithreading

This course introduces the use of multithreading to achieve some effects related

to WS2812 LED. Multithreading is a very common operation we use in robot projects,

because robots have high requirements for real-time response. When performing a

certain task,we try not to block the main thread communication.

Multithreading is similar to executing multiple different programs or tasks at the

same time. Multithreading has the following advantages:

1. Use threads to put time-consuming tasks in the background for processing.

2. Improve the operating efficiency of the program. The subsequent real-time

video and OpenCV processing video frames use multithreading to greatly increase the

frame rate.

3. The encapsulated multithreading task is more convenient to call, similar to the

non-blocking control method, that is, the control method of the servo is encapsulated

by multithreading.

We use Python's threading library to provide thread-related work. A thread is the

smallest unit of work in an application. The current version of Python does not yet

provide multithreading priority, thread groups, and threads cannot be stopped,

suspended, resumed, or interrupted.

27.2 Preparation

You need to prepare a robot in Alter that has been assembled, and make sure that

the robot has been connected to the WS2812 LED module.
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27.3 Realize WS2812 LED effect with multithreading

27.3.1 Code program for warning lights/breathing LED

We use the following code to implement multithreading control of LEDS, and

when the LED does not change, we keep the thread blocked to avoid wasting CPU

resources.

Here we use Subline IDE to view and edit the code program of this course.

Please refer to the content of Lesson 2 for the specific method. Here, the wait()

method is used to block the thread. From the realization of the need to control the

thread, the specific code and comments are as follows:

Use the Threading module to create a thread, inherit directly from

threading.Thread, and then rewrite the __init__ method and run method.

Some settings related to LEDS are initialized here.
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Set the brightness of the three color channels of RGB.There is no need to change

the value, for these values will be automatically set after the subsequent call of the

breathing LED function.

Mode variable,'none' will cause the thread to be blocked and suspended, and the

light will not change;'police' is the warning light mode, red and blue flashing

alternately;'breath' breathing LED, you can set the specified color.

Create a NeoPixel object with the appropriate configuration.

Initialize the library (must be called once before other functions).

Set the color of all lights.

Set the color of some lights, the ID is an array of the serial numbers of the lights.

Call this function, set __flag to False to block the thread.
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Call this function, set __flag to True to start the thread.

Call this function to turn on the warning light mode.

The concrete realization of the warning light mode.

Blue flashes 3 times.

Red flashes 3 times.

To call this function to turn on the breathing LED mode, you need to enter three

parameters, namely the brightness of the three color channels of RGB, which will be

the color when the brightness of the breathing LED is at its maximum.
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The concrete realization method of breathing LED.

All the lights gradually brighten.

All lights gradually dim.

This function is used to select tasks to execute.

Functions for multithreading tasks.
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In the main function, instantiate the object that controls the LED and start the

thread.

Start breathing LED mode and stop after 15 seconds.

Pause for 2 seconds.

Start the warning light mode and stop after 15 seconds.

27.3.2 Run the code program of warning light/breathing LED

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):
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3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/server

4. Enter the command to display the contents of the current directory:

ls

5.When using the WS2812 module, we need to install the Python dependency

library needed to control the WS2812 module. Enter the following command in the

console of the command window:

sudo pip3 install rpi-ws281x

6.robotLight.py is the sample code of this lesson, enter the command to run this

program:

sudo python3 robotLight.py
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7. After successfully running the program, you will observe that the lights of

WS2812 will change. First, the blue breathing LED effect will appear, and then the

warning light effect will appear.
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Lesson 28 Multithreading OLED Screen Control

In this lesson, we will use multithreading to display text and other information on

the OLED screen.

28.1 Introduction of OLED screen

OLED (Organic Light-Emitting Diode), also known as organic electric laser

display, organic light emitting semiconductor (Organic Electroluminesence Display,

OLED). OLED is a kind of current-type organic light-emitting device, which

produces light by the injection and recombination of carriers, and the luminous

intensity is proportional to the injected current. The Alter robot uses an OLED screen

to display the expressions or some parameters of the robot. OLED Screen is a

commonly used module on robot products. Due to the black non-luminous feature of

OLED Screen, this type of screen has extremely high contrast. Even if the ambient

light is strong, you can see the information on the OLED Screen clearly, and the

power consumption is relatively low. We only need to connect the power supply and

the GPIO port to control it.

If you want to use OLED Screen, you need to use a 4-pin cable with anti-reverse

interface to connect the OLED screen to the IIC interface on the Robot HAT.
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If you do not use Robot HAT driver board to connect with Raspberry Pi driver

board, then you need to connect Vin of OLED screen to 5V or 3.3V of Raspberry Pi,

and connect GND of OLED screen to GND of Raspberry Pi. Connect SCL of Robot

HAT to SCL of OLED, and SCA of Robot HAT to SCA of Raspberry Pi. Please refer

to the pin definition diagram of Raspberry Pi for specific pins.

28.2Preparation

You need to prepare a robot in the Alter that has been assembled, and make sure

that the robot has been connected to the OLED Screen module.
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28.3 Use multithreading to display text on OLED

Screen

28.3.1 Learning the code program of this lesson

We use multithreading to display text on the OLED Screen. We use Subline IDE

to view and edit the code program of this lesson, please refer to the content of lesson 2

for specific methods.The specific code and comments are as follows:

In the file manager of the MobaXterm terminal, find the directory:

adeept_alter/server

And open the code of this lesson: OLED.py.

Import related dependent libraries.

Set to display the initial content of each line on the OLED.
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ID used to pause the thread.

Set to True.

ID used to stop the thread.

Set running to True.

Return immediately when it is True, block when it is False, and return when the

internal flag is True.

Set to False to block the thread.

Set to True to stop blocking with thread.

Resume the thread from the suspended state, if it has been suspended.

Set to False.

Call this function to control the OLED screen. Position is the number of the line
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where you want to change the content, can be 1-6, text is the content.

Instantiate the OLED screen object.

Start the thread.

Set the content of the first line to 12345678.

Since the above operation will not block the thread, we need to loop here to avoid

the program exit after the execution is complete.

28.3.2 Run the program of this course

1. Open the terminal software MobaXterm:
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2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/server

4. Enter the command to display the contents of the current directory:

ls

5. When using the OLED Screen module, we need to install the Python

dependency library needed to control the OLED screen, called the luma.oled library,
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and enter the following commands in the console of the command window:

sudo pip3 install luma.oled

6. OLED.py is the sample code of this lesson, enter the command to run this

program:

sudo python3 OLED.py

7. After successfully running the program, you will see some text messages on the

OLED screen of the robot.
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Lesson 29 Uniform Acceleration Multithreading

Control of 360° Servo(Classic Car)

This lesson introduces the use of mult-threading to achieve uniform acceleration

control of 360° servo.

29.1 Introduction to Multithreading

This course introduces the use of multithreading to achieve some effects related

to WS2812 LED. Multithreading is a very common operation we use in robot projects,

because robots have high requirements for real-time response. When performing a

certain task,we try not to block the main thread communication.

Multithreading is similar to executing multiple different programs or tasks at the

same time. Multithreading has the following advantages:

1. Use threads to put time-consuming tasks in the background for processing.

2. Improve the operating efficiency of the program. The subsequent real-time

video and OpenCV processing video frames use multithreading to greatly increase the

frame rate.

3. The encapsulated multithreading task is more convenient to call, similar to the

non-blocking control method, that is, the control method of the servo is encapsulated

by multithreading.

We use Python's threading library to provide thread-related work. A thread is the

smallest unit of work in an application. The current version of Python does not yet

provide multithreading priority, thread groups, and threads cannot be stopped,

suspended, resumed, or interrupted.

29.2 Preparation

You need to prepare the assembled Classic Car robot, and make sure that the
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robot has been connected to the 360°servo.

29.3 Realizing uniform acceleration control of 360°

servo with multithreading

29.3.1 Code program for multithreading control of 360° servo

Here we use Subline IDE to view and edit the code program of this lesson, please

see the content of lesson 2 for specific methods. The specific code and comments are

as follows:

In the file manager of the MobaXterm terminal, find the directory:

adeept_alter/server

And open the code of this lesson: 360servo.py.

Import the library Adafruit_PCA9685 that controls the servo and instantiate the

object used to control the PWM. Set the frequency of the PWM signal to 50.

ID used to pause the thread.
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Set commandInput ='no', moveSpeed = 100.

If command =='forward', then control the robot to move forward.

If command =='backward', then control the robot to move backward.

If command =='left', then control the robot to turn to left.

If command =='right', then control the robot to turn to right.

Start the robot; then control the robot forward at a speed of 100, and stop after 5s;

again control the robot to turn to right at a speed of 100, and stop after 5s; control the

robot to turn to left at a speed of 100 again, and stop after 5s and stop; control the

robot backward again at a speed of 100, and stop after 5s.
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29.3.2 Run the code program of multithreading control of 360°

servo

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/server

4. Enter the command to display the contents of the current directory:

ls
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5. When using the 360°Servo module, we need to install the Python dependency

library needed to control 360°Servo: Adafruit_PCA9685, enter the following

command in the console of the command window:

sudo pip3 install adafruit-pca9685

6.360servo.py is the sample code of this lesson, enter the command to run this

program:

sudo python3 360servo.py

7. After successfully running the program, the Classic Car robot will accelerate

uniformly.
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Lesson 30 Mathematics Principles of Inverse

Kinematics of the Servo Link (Dog)

In this lesson, we will learn the mathematical principle of inverse kinematics of

the Alter Dog's servo. You need to prepare the installed Alter Dog robot.
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30.1 Mathematics Principles of Inverse Kinematics of

the Servo Link

Robot kinematics includes forward kinematics and inverse kinematics. Forward

kinematics is to calculate the position and posture of the end of the robot given the

joint variables of the robot; Inverse kinematics is to know the position and posture of

the end of the robot and calculate all the corresponding positions of the robot joint

variables. Generally, the solution of forward kinematics is unique and easy to obtain,

while inverse kinematics often has multiple solutions and the analysis is more

complicated. Robot inverse motion analysis is an important problem in motion

planning and uncontrollable. However, due to the complexity and diversity of the

robot inverse motion problem, it is impossible to establish a general analytical

algorithm. The inverse kinematics problem is actually a problem of solving nonlinear

transcendental equations, including a series of complex problems such as the

existence, uniqueness and solving method of the solution. Inverse kinematics is the

process of determining the parameters of the joint movable object to be set to achieve

the required posture. For example, given a three-dimensional model of the human

body, how to set the angle of the wrist and elbow so that the hand changes from a

relaxed position to a waving gesture? This problem is very critical in robotics,

because manipulating robotic arms is controlled by joint angles.

The mathematical principle of inverse kinematics of the servo connecting rod of

the Alter Dog robot is as follows:

As shown in Figure A below, according to the coordinates of the end points of the

legs (goalPosZ[1] and goalPosZ[2]) and the length of each joint, the value of

angleGenA can be calculated by using trigonometric functions.

But only using this value does not limit the end point. The end point can still

rotate around the articulation point of the link between LA and LB, so an extra set of

links must be added.
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A

From Figure B and Figure A below, we can find the values of ∠a and ∠b by

adding extra LC parameters, and since the end point of the connecting rod has a

unique solution, the landing position of the robot leg can be controlled by changing

the values of∠a and∠b.
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30.2 Learning the code program of this lesson

Here we use Subline IDE to view and edit the code program of this lesson, please

see the content of lesson 2 for specific methods. The specific code and comments are

as follows:

In the file manager of the MobaXterm terminal, find the directory:

adeept_alter/server

And open the code of this lesson: linkageMATH.py.

Import the library used to control the servo.
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Import math function library.

Instantiate the library used to control the servo.

When the rocker arm of the servo is vertically downward, the corresponding

PWM value of the servo; here only the forward left leg of the DOG is taken as an

example; the corresponding PWM port numbers of the two servos on the left front leg

are 0 and 1 respectively; the specific values of the two variables here are different for

each robot.

This array is used to adjust the swing direction of each servo.

LA is the length of the first joint of the connecting rod, LB is the length of the

second joint of the connecting rod, and LC is the distance between the two servo axes

in a leg.

Parameters related to servo angle control: ctrlRangeMax is the maximum

effective PWM of the servo; ctrlRangeMin is the smallest effective PWM of the servo;

angleRange is the actual rotation range of the servo.

This function enters the angle to return the PWM value.
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This function passes in the length parameters of the two connecting rods of the

leg, the servo number and the coordinate point, and the return value is the angle that

the servo needs to swing.

Here the mathematical principles can refer to Figure A in the first half of this

course.

By multiplying the returned angle by sc_direction[servoNum].

This function passes in the coordinate point and controls the movement of the

point at the end of the leg to the coordinate point, and returns the angle of the two

servos at the same time.

Here the mathematical principles can refer to Figure B in the first half of this

course.

Control the servo to turn 15° in the forward direction for 1s; then turn it in the

reverse direction for 15° for 2s.
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30.3 Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/server
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4. Enter the command to display the contents of the current directory:

ls

5.linkageMATH.py is the sample code for this lesson, enter the command to run

this program:

sudo python3 linkageMATH.py

6. After successfully running the program, you can observe the movement of the

robot's legs.
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Lesson 31 Servo Link Function Call (Dog)

In this lesson, we will learn the function calls of the Alter Dog robot's servo

linkage. You need to prepare the installed Alter Dog robot.
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31.1 Servo Link Function Call

Because understanding the bottom control function of the servo requires some

mathematical knowledge, if you don't want to spend too much time and experience,

you can directly call the API that we provide to call the function that controls the

connecting rod, which can save a lot of time.

For convenience, first you need to put your own .py in the server folder, so that

you do not need to specify the location when importing alterMove.

Knowing how to control the linkage mechanism of each leg is particularly

important for better control of Alter Dog, because many subsequent functions, such as

gait generation, standing up and squatting, self-balancing mode, etc., are implemented

based on this basic function. We will explain the calling method in detail so that you

can edit more actions for the Alter Dog robot according to your needs.

31.2 Learning the code program of link function call

Here we use Subline IDE to view and edit the code program of this lesson, please

see the content of lesson 2 for specific methods. The specific code and comments are

as follows:

In the file manager of the MobaXterm terminal, find the directory:

adeept_alter/server

And open the code for this lesson: linkageCALL.py.

When using it, directly call the alterMove.linkageQ(leg, x, y) function. The

parameter leg represents the four legs 1, 2, 3, and 4 of the robot, as shown in the

following figure:
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The parameters x and y are the coordinates of the landing site. The greater the

positive value of x, the more the landing site deviates toward the forward direction;

the greater the positive value of y, the more deviating the landing site toward the

ground.

When you control the location of each leg, you don't need to instantiate the Alter

object, because the main purpose of instantiating the Alter object is for multi-threaded

control. You can choreograph or edit other actions for the robot by programming the

location and setting the appropriate delay time.

The following routines control the swing of the robot's 1, 2, 3, and 4 legs

respectively, and you can intuitively understand the calling method of this function.

31.3 Run the code program of the link function call

1. Open the terminal software MobaXterm:
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2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/server

4. Enter the command to display the contents of the current directory:

ls

5.linkageCALL.py is the sample code of this lesson, enter the command to run

this program:
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sudo python3 linkageCALL.py

6. After successfully running the program, you can observe the movement of the

robot's legs.
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Lesson 32 Principle of Self-Balance Function (Dog)

In this lesson, we will learn the principle of the Alter Dog robot's self-balancing

function. You need to prepare the installed Alter Dog robot.
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32.1 The realization principle of Alter Dog's

self-balancing function

The self-balancing function of the Alter Dog robot is mainly realized based on its

internal MPU6050 sensor. By acquiring the data of MPU6050, the robot's posture

change is judged, and the servo control system is used to accurately drive the servo to

adjust the corresponding posture to maintain the balance of the robot. In the process

of data processing, we use the Kalman filtering algorithm, which is an algorithm that

uses the linear system state equation to make the best estimation of the system state

with the input and output observation data of the system. Since the observation data

includes the influence of noise and interference in the system, the optimal estimation

can also be regarded as a filtering process.

32.2 Learning the code program of this lesson

Here we use Subline IDE to view and edit the code program of this lesson, please

see the content of lesson 2 for specific methods. The specific code and comments are

as follows:

In the file manager of the MobaXterm terminal, find the directory:

adeept_alter/server

And open the code of this lesson: steady.py. This code program needs to be run in

the server folder directory.

Import MPU6050 library.

Import Kaman filter library.

Instantiate MPU6050 object, the default I2C address is 0x68.
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Instantiate the Kalman filter object on the XY axis, the Kalman filter can make

the value read from the sensor smoother.

Set the maximum height and minimum height; and calculate the middle height by

the maximum height and the minimum height; when the robot is on a horizontal plane,

each leg of the robot is in the middle height state; the maximum and minimum heights

are used to limit the range of motion of the robot's legs.

Since the automatic balance mode needs to continuously read information from

the MPU6050; read the information once to calculate the change trend and then apply

the new angle to the servo. These actions are called a cycle; so use this variable here

to set the time interval between every two loops.

If the robot is pitched up and down at a certain angle when placed on a horizontal

plane, we modify xMiddle; if the robot is tilted to the left and right at a certain angle

when placed on a horizontal surface,we modify yMiddle; this can also be used in

reverse. For example, when you want the robot to maintain a certain angle, you can

adjust these two variables.

P value in simple PID controller, proportional parameter, increase this value if the

robot moves slowly; If the robot does not stabilize and shakes too much, reduce this

value.
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Because this method is a closed-loop control; therefore, the accumulated error

(error) is stored in these two variables; this allows the robot to remain level at any

time even if it is on a constantly shaking panel.

This function is used to limit the size of a variable; enter the maximum and

minimum values, and enter the variable that needs to be limited; the return value is

between the maximum and minimum (including the maximum and minimum).

This function is used to adjust the angle of the robot: pitch is the pitch motion;

roll is the roll motion; pIn is used to adjust the pitch axis motion, the larger the value

of pIn, the more the robot heads up; rIn is used to adjust the roll axis motion, the

larger the value of rIn, the more the robot tilt to the left.

Since the back and forth movement of the leg is not required in the automatic

stabilization mode; therefore, the X-axis coordinate point of the end point of each leg

is 0.

Calculate the coordinate value Y of the end point of each leg with pIn and rIn.

Apply the new coordinate values to the four legs.
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It is a self-stabilization function; call it cyclically to realize the self-stabilization

function.

Declared as a global variable.

If the I2C communication is disconnected, we re-instantiate the MPU6050 object.

Obtain the X-axis and Y-axis readings of MPU6050, and use Karman filter to

eliminate the noise of MPU6050 readings.

Calculate the deviation value of each axis.

Calculate pitchValue and rollValue based on the deviation value, and apply the

result to pitchRoll().

Delay for a while before proceeding to the next cycle.

32.3 Run the program of this course

1. Open the terminal software MobaXterm:
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2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):

3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/server

4. Enter the command to display the contents of the current directory:

ls

5.steady.py is the sample code for this lesson, enter the command to run this

program:



295

sudo python3 steady.py

6. After running the program successfully, you can observe the movement of the

robot.
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Lesson 33 Triangular Gait Generation Method (Dog)

In this lesson, we will learn the triangular gait generation method of the Alter Dog

robot. You need to prepare the installed Alter Dog robot.

There is no code program in this course.We only introduce the principle. The

specific code program will be introduced in the following courses.
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33.1 Principle and purpose of triangular gait

generation

For a quadruped robot, the gait generation method is almost the most complicated

part of the program, because it has to coordinate with more than a dozen servos to

move at the same time.And when walking forwards and backwards, it is necessary to

keep the robot at least three legs on the ground at all times, that is to say, only one leg

can be in the swing pair at any time, and at least three legs are in the support pair.

In order to be more intuitive, we divide the position of each leg of the robot into

12, which are represented by 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 respectively.

Positions 11 and 12 are swing pairs, and the rest are support pairs. 1 and 10 represent

the front and back end points of the support pair respectively. 2, 3, 4, 5, 6, 7, 8, and 9

are the interpolation values between the two support pairs.The actual position spacing

represented by adjacent numbers is the same.

Taking the forward direction of the robot as the front.The left front leg is coded

I.The left back leg is coded II.The right front leg is coded III, and the right back leg is

coded IV.

In order to coordinate the gait of the four legs, we introduce a global gait

parameter, which is used to coordinate the position of the four legs at a certain

moment, as shown in the following table.

Code\Global
Gait 1 2 3 4 5 6 7 8 9 10 11 12

I 1 2 3 4 5 6 7 8 9 10 11 12

II 10 11 12 1 2 3 4 5 6 7 8 9

III 7 8 9 10 11 12 1 2 3 4 5 6

IV 4 5 6 7 8 9 10 11 12 1 2 3
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For example, when the global gait is 3, leg I is in the 3 position; leg II is in the 12

position; leg III is in the 9 position; leg IV is in the 6 position.

When the change trend of the global gait is 1, 2, 3, 4, 5, 6, 7, 8... this cycle,

the robot moves forward, when the change trend of the global gait is 8, 7, 6, 5 , 4, 3, 2,

1..., the robot walks backward.

When the global gait change trend is 1, 2, 3, 4, 5, 6, 7, 8..., the robot moves

forward.When the global gait change trend is 8, 7, 6, 5, 4, 3, 2, 1..., the robot walks

backward.

33.2 Related API calls of the triangular gait

generation program

move(command)。

1. Calling the move(command) function will calculate the next target point and

store it in goalPos. The command parameter can be passed into the command:

"forward", "backward", "left", "right".

2. Calling the move() function does not make the robot move, you need to call

move() to make the servo move to goalPos.

Routine, let the robot move forward:
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Lesson 34 Diagonal Gait Generation Method (Dog)

In this lesson, we will learn the Diagonal gait generation method of the Alter Dog

robot. You need to prepare the installed Alter Dog robot.

There is no code program in this course.We only introduce the principle. The

specific code program will be introduced in the following courses.
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34.1 Principle and purpose of Diagonal gait

generation

The diagonal gait is the gait for most quadrupeds move at a faster speed. The two

diagonal legs are in the supporting or swinging pair at the same time. For a quadruped

robot, the diagonal gait is relative to the triangular gait. For the servo, the tuning

requirements are lower and the implementation is more convenient.

In order to be more intuitive, we divide the position of each leg of the robot into

12, which are represented by 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, and 12 respectively.

Positions 11 and 12 are swing pairs, and the rest are support pairs. 1 and 10 represent

the front and back end points of the support pair respectively. 2, 3, 4, 5, 6, 7, 8, and 9

are the interpolation values between the two support pairs.The actual position spacing

represented by adjacent numbers is the same.

Taking the forward direction of the robot as the front.The left front leg is coded

I.The left back leg is coded II.The right front leg is coded III, and the right back leg is

coded IV.

In order to coordinate the gait of the four legs, we introduce a global gait

parameter, which is used to coordinate the position of the four legs at a certain

moment, as shown in the following table.

Code\Global
Gait 1 2 3 4 5 6 7 8 9 10 11 12

I 1 2 3 4 5 6 7 8 9 10 11 12

II 7 8 9 10 11 12 1 2 3 4 5 6

III 7 8 9 10 11 12 1 2 3 4 5 6

IV 1 2 3 4 5 6 7 8 9 10 11 12
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For example, when the global gait is 3, leg I is in the 3 position; leg II is in the 9

position; leg III is in the 9 position; leg IV is in the 3 position.

When the global gait change trend is 1, 2, 3, 4, 5, 6, 7, 8..., the robot moves

forward.When the global gait change trend is 8, 7, 6, 5, 4, 3, 2, 1..., the robot walks

backward.

34.2Related API calls of the Diagonal gait generation

program

moveD(command)

1. Calling the moveD(command) function will calculate the next target point and

store it in goalPos. The command parameter can be passed into the command:

"forward", "backward", "left", "right".

2. Calling the moveD() function does not make the robot move, you need to call

smove() to make the servo move to goalPos.

Routine, let the robot move forward:
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Lesson 35 Movement Direction Control Method

In this lesson, we will learn the movement direction control method of the Alter

robot. You need to prepare the installed Alter robot.

There is no code program in this course. We only introduce the principle and API

call of the code program. The specific code program will be introduced in the

following courses.

35.1 Alter Racing Car steering method

The steering method of Alter Racing Car is differential steering. When it is

necessary to turn, the wheel on one side rotates forward and the wheel on the other

side rotates backward, so that the robot can turn in place.
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For low-level motor control, please refer to the motor control method. Here we

introduce the API call method:

1. Import libraries related to control motor control.

2. Import the library that controls the time delay.

3. Initialize the GPIO for motor control.

4. Control the robot to move forward at full speed (100).

5. Move forward for two seconds and then turn left (rotate left in place).

6. The robot stops moving after one second.

35.2 Alter Classic Car and Alter Dog steering method

The steering methods of Alter Classic Car and Alter Dog are also differential

steering. Because Alter Classic Car and Alter Dog need to use multithreading control,

the calling method of API is different from Alter Racing Car.

The API call method here can also be used to control Alter Racing Car.

1. Import alterMove to control the robot.
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2. Import the library that controls the time delay.

3. Instantiate Alter.

4. Start the thread.

5. Control the robot to move forward at full speed (100).

6. Move forward for two seconds and then turn left (rotate to the left).

7. The robot stops moving after one second.
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Lesson 36 Shaking Motion

In this lesson, we will learn the shaking action of the Alter Dog robot. You need

to prepare the installed Alter Dog robot and connect all the components.
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36.1 Alter Dog

The shaking motion of the Alter Dog robot is mainly based on its internal

MPU6050 sensor. In the process of data processing, we use the Kalman filtering

algorithm (Kalman filtering), which is an algorithm that uses the linear system state

equation to obtain the optimal estimation of the system state with system input and

output observation data. Since the observation data includes the influence of noise and

interference in the system, the optimal estimation can also be regarded as a filtering

process.

36.2 Learning the code program of this lesson

Here we use Subline IDE to view and edit the code program of this lesson, please

see the content of lesson 2 for specific methods. The specific code and comments are

as follows:

In the file manager of the MobaXterm terminal, find the directory:

adeept_alter/server

And open the code of this lesson: wiggle.py. This code program needs to be run

in the server folder directory.When the robot falls to the ground, the robot's legs will

swing.

Import random function library.

Import MPU6050 library.

Import Kaman filter library.

Instantiate MPU6050 object, the default I2C address is 0x68.
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Instantiate the Kalman filter object on the XY axis. The Kalman filter can make

the value read from the sensor smoother; since only the Y-axis reading needs to be

detected, only one Kalman filter object needs to be instantiated here.

Set the height when the robot is standing.

Set the swing range of the robot's legs.

Use this variable here to set the time interval between every two loops.

Set the threshold for judging whether the robot falls down.

After detecting that the robot is righted, execute this function to control the robot

to stand steady.

After detecting that the robot falls down, execute this function to control the

robot's legs to swing randomly.

Use randint() to generate integers from -wiggleRange to wiggleRange.

If the I2C communication is disconnected, re-instantiate the MPU6050 object.
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Obtain the Y-axis readings of MPU6050, use Kalman filter to eliminate the noise

of MPU6050 readings.

If the Y-axis reading is greater than the absolute value of the threshold used to

judge whether the robot falls down, the robot swings the leg; otherwise, it stands still.

Delay for a while before proceeding to the next cycle.

36.3 Run the program of this course

1. Open the terminal software MobaXterm:

2. Log in to your Raspberry Pi (the way to log in to Raspberry Pi has been

introduced in Lesson 1):
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3. Enter the Course Code folder, this folder stores the sample code program to

control the robot, enter the following command:

cd adeept_alter/server

4. Enter the command to display the contents of the current directory:

ls

5.wiggle.py is the sample code for this lesson, enter the command to run this

program:

sudo python3 wiggle.py

6. After successfully running the program, the command window will display the

data of MPU6050 sensor.
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Lesson 37 OpenCV Multithreading

The OpenCV function is based on the GitHub project flask-video-streaming, we

changed the camera_opencv.py to perform OpenCV related operations.

37.1 Single Thread Processing of Video Frames

First, we introduce the process of single-thread processing of video frames. Let ’s

start with a simple one, so that you will understand why OpenCV uses multiple

threads to process video frames. The process of single-thread processing of video

frames is as follows:

Process explanation: First obtain a frame from the camera, and then use OpenCV

to analyze the content of this frame. After the analysis is completed, the information

to be drawn is generated, such as the position of the center point of the target object,

https://github.com/miguelgrinberg/flask-video-streaming


311

the text lamp information that needs to be generated on the screen, then Draw those

elements on the screen according to the generated drawing information, and finally

display the processed and drawn frame on the page.

Such a processing flow will cause each frame to be collected to wait for the

OpenCV related process to be processed. After this frame is displayed, the second

frame can be collected for processing and analysis to make it abnormally stuck.

37.2 Multi-thread Processing of Video Frames

Because single thread has problems in processing video frames, we chose to use

multiple threads to process video frames. Next, we will introduce the process of

multi-thread processing video frames:

Process explanation: In order to improve the frame rate, we separate the analysis

task of the video frame from the process of acquisition and display, and place it in a

background thread to execute and generate drawing information.
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37.3 Multi-threaded code program for processing

video frames

We change the code of multi-threading camera_opencv.py (this code only shows

the principle of multi-threading and removes the function of

OpenCV).Camera_opencv.py is stored in the adeept_alter/server directory.You need

to find it in this directory. Let's learn the code program of camera_opencv.py together.

Import dependent libraries.

This class is used to handle the task of OpenCV analyzing video frames in the

background.

In class CVThread, the mode (self, imgInput) method is used to pass in the video

frame that needs to be processed.

This method is used to draw elements in the picture.

In this method, you can add content to be processed by OpenCV.

This method can block the thread and wait for the next frame to be processed.
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Resume thread.

Thread processing video frames in the background.

Instantiate CVThread().

If OpenCV is processing video frames, skip.

If OpenCV is not processing the video frame, the thread that processes the video

frame will process the new video frame and resume the processing thread at the same

time.

Draw elements on the screen.
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Lesson 38 OpenCV Function Development

Preparation

The real-time video transmission function comes from the open source project of

Github the MIT open source agreement flask-video-streaming.

When you want to develop a certain OpenCV function, you need to do some

preparatory work. First, you need to prepare two .py files in the same folder in the

Raspberry Pi, one is app.py, the other is base_camera.py, and you need to put the

corresponding camera_opencv.py in the same folder as app.py and base_camera.py,

and then run app.py in the Raspberry Pi console.When you use the follow-up tutorial

to develop a certain OpenCV related function, you only need to put the corresponding

camera_opencv.py in the same folder as this app.py and base_camera.py, and then run

it in the Raspberry Pi console.There are several sample codes in the alter folder

provided by us. You need to find them in the alter/01SoftwarePackage/server directory,

if you need to use or edit these code programs.

After running app.py, we use a device in the same local area network as the

Raspberry Pi to open Google Chrome. We enter the IP address of the Raspberry Pi

https://github.com/miguelgrinberg/flask-video-streaming
https://github.com/miguelgrinberg/flask-video-streaming
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and port 5000 in the address bar.The address entered in the address bar is shown in the

figure below. 192.168.3.146 is the IP address of the Raspberry Pi (the IP address of

each Raspberry Pi is different).5000 is the port number that must be filled in, and you

will see an "Adeept Bot Contorller" after opening it.
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Lesson 39 OpenCV Visual Line Inspection

In Alter products, Alter Racing Car and Alter Classic Car robot both have

OpenCV visual line patrol function, which is used to patrol the line with the picture

collected by the camera. This lesson will explain how to use OpenCV to analyze the

location of the black or white lines in the screen, so as to realize the machine vision

line tracking.

39.1 Image Binarization

In the process of realizing machine vision, we used image binarization.What is

image binarization?

Image Binarization is the process of setting the gray value of pixels on the image

to 0 (black) or 255 (white), which is the process of presenting the entire image with a

clear black and white effect.

Image binarization is the most common and most important processing method in

image analysis and processing. In digital image processing, binary images occupies a

very important position. Image binarization greatly reduces the amount of data in the

image, which can highlight the outline of the target.

The 256 brightness levels of grayscale images are selected by appropriate

thresholds to obtain binarized images that can still reflect the overall and local

characteristics of the image. In digital image processing, binary images occupies a

very important position. First of all, image binarization is conducive to further image

processing, making the image simpler, and reducing the amount of data, which can

highlight the outline of the target of interest . Secondly, to process and analyze the

binary image, the grayscale image must be binarized first to obtain the binary image.

All pixels whose grayscale is greater than or equal to the threshold are determined

to belong to a specific object, and their grayscale value is 255, otherwise these pixels

are excluded from the object area, and the grayscale value is 0, which indicates the
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background or exception object area.

39.2 Principle of Image Binarization

The image binarization process is to set the gray value of the points on the image

to 0 or 255, that is, to present the entire image with a clear black and white effect.

That is to say, a grayscale image with 256 brightness levels is selected with an

appropriate threshold to obtain a binarized image that can still reflect the overall and

local characteristics of the image. In digital image processing, binary images occupies

a very important position. Especially in practical image processing, there are many

systems that are realized by binary image processing. To process and analyze binary

images, we must first binarize the grayscale image to obtain a binarized image. This is

conducive to the further processing of the image. The collective nature of the image is

only related to the position of the point with the pixel value of 0 or 255, and no more

pixels are involved. The level value makes the processing simple, and the amount of

data processing and compression is small. In order to obtain an ideal binary image, a

closed, connected boundary is generally used to define a non-overlapping area. All

pixels whose grayscale is greater than or equal to the threshold are judged to belong to

a specific object, and their grayscale value is 255, otherwise these pixels are excluded

from the object area, and the grayscale value is 0, which indicates the background or

exception object area. If a specific object has uniform gray values inside, and it is in a

uniform background with other gray values, the threshold method can be used to

obtain a comparative segmentation effect. If the difference between the object and the

background is not in the grayscale value (for example, the texture is different), you

can convert this difference feature into a grayscale difference, and then use the

threshold selection technology to segment the image. Dynamically adjusting the

threshold to realize the binarization of the image, which can dynamically observe the

specific results of the image segmentation.
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39.3 Learn the code program of visual line inspection

We put the code program for visual line inspection in the directory:

adeept_alter/server

You can find three code programs in the CVFL_flask_streaming folder: app.py,

base_camera.py and camera_opencv.py. When using the OpenCV function , these

three files need to be used in the same folder.

Here we use Subline IDE to view and edit the code program of this lesson.Please

see the content of lesson 2 for specific methods. The specific code and comments are

as follows:

In the file manager of the MobaXterm terminal, find the directory:

alter/01SoftwarePackage/server

And open the code folder of this lesson: CVFL_flask_streaming.

There are three code programs in the CVFL_flask_streaming folder: app.py,

base_camera.py and camera_opencv.py. The difference between different functions is

only in the code in camera_opencv.py. Let's learn the code program of

camera_opencv.py together.

1. Import dependencies and initialize.

1. import os

2. import cv2

3. from base_camera import BaseCamera

4. import numpy as np

5.

6. '''''

7. Set the color of the line, 255 is white line, 0 is black line

8. '''

9. lineColorSet = 255

10. '''''

11. Set the reference horizontal position, the larger the value, the lower the position, but it cannot be greater

than the vertical resolution of the video (default 480)

12. '''

13. linePos = 380
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2. Rewrite the frame function.

1. @staticmethod

2. def frames():

3. camera = cv2.VideoCapture(Camera.video_source)

4. if not camera.isOpened():

5. raise RuntimeError('Could not start camera.')

6.

7. while True:

8. _, img = camera.read() #Get the picture captured by the camera

9.

10. '''''

11. Convert the picture to black and white, and then binarize (the value of each pixel in the picture is

either 0 or 255)

12. '''

13. img = cv2.cvtColor(img, cv2.COLOR_BGR2GRAY)

14. retval, img = cv2.threshold(img, 0, 255, cv2.THRESH_OTSU)

15. img = cv2.erode(img, None, iterations=6) #Use corrosion denoising

16. colorPos = img[linePos] #Get the array of pixel values of linePos

17. try:

18. lineColorCount_Pos = np.sum(colorPos == lineColorSet) #Get the number of pixels of the line

color (line width)

19. lineIndex_Pos = np.where(colorPos == lineColorSet) #Get the line's end point in the horizontal

position of linePos

20. '''''

21. Use the endpoint position and line width to calculate the position of the center point of the line.

22. '''

23. left_Pos = lineIndex_Pos[0][lineColorCount_Pos-1]

24. right_Pos = lineIndex_Pos[0][0]

25. center_Pos = int((left_Pos+right_Pos)/2)

26.

27. print('The position of the center point of the line is：%d'%center_Pos)

28. except:

29. '''''

30. If the line is not detected, it will cause an error if we use a line width of 0 as the denominator

above, so we know that no line has been detected.

31. '''

32. center_Pos = 0

33. print('No line detected')

34.

35. '''''

36. Draw horizontal reference lines.

37. '''



320

38. cv2.line(img,(0,linePos),(640,linePos),(255,255,64),1)

39. if center_Pos:

40. '''''

41. If a line is detected, draw the center point of the line.

42. '''

43. cv2.line(img,(center_Pos,linePos+300),(center_Pos,linePos-300),(255,255,64),1)

44.

45.

46. # Convert to jpg format and output.

47. yield cv2.imencode('.jpg', img)[1].tobytes()

39.4 Start video streaming

Open the browser with a device in the same LAN as the Raspberry Pi, enter the

IP address of the Raspberry Pi in the address bar, and access port 5000.

After logging in, you will enter the interface of Adeept Bot Contorller, click

START: to turn on the visual line tracking function, and then press this button to turn

off the visual line tracking function.

Click COLOR: switch between searching for white lines on black background or

black lines on white background. By default, searching for white lines on black

background, click to find black lines on white background.
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Lesson 40 OpenCV Color Recognition

In Alter products, Alter Dog, Alter Racing Car and Alter Classic Car robots all

have OpenCV color recognition function. Based on OpenCV, when a color object in

the screen is detected, the robot will circle the object in the real-time screen.This

lesson will explain how to use OpenCV for color recognition.

40.1 Color Recognition and Color Space

1.For the development preparation and operation of OpenCV function, please

refer to lesson 37.

2.Create camera_opencv.py in the folder where app.py and base_camera.py in

Lesson 37 are located. The code related to the OpenCV color tracking function

introduced in this lesson is written in camera_opencv.py.

3.For safety reasons, this routine does not control the motor or servo motion, and

only outputs OpenCV calculation results.

4.We use OpenCV for color recognition using the HSV color space. Before

introducing the code, we first need to understand the color space and why we use the

HSV color space instead of the more common RGB color space for color recognition.

Color space:

Color space is how colors are organized. With the help of color space and tests

for physical devices, fixed analog and digital representations of colors can be obtained.

The color space can be defined by just picking some colors at random, for example,

the Pantone system just takes a specific set of colors as samples, and then defines the

name and code for each color; it can also be based on a strict mathematical definition,

such as Adobe RGB , SRGB.

RGB color space:

RGB uses an additive color mixing method because it describes the ratio of

various "lights" to produce colors. The light is continuously superimposed from dark
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to produce color. RGB describes the values of red, green and blue light. RGBA is to

add alpha channel to RGB to achieve transparency effect.

Common color spaces based on RGB mode are sRGB, Adobe RGB, and Adobe

Wide Gamut RGB.

HSV color space:

HSV (Hue: Hue, Saturation: Saturation, Brightness; Value), also known as HSB

(B refers to Brightness) is commonly used by artists, because compared with the term

of addition and subtraction, the use of hue, saturation and other concepts to describe

color is more natural and intuitive. HSV is a variant of the RGB color space, its

content and color scale are closely related to its source-RGB color space

Using the HSV color space in OpenCV's color recognition function can make the

recognition result more accurate, less affected by ambient light, and it is very

convenient to define the color range, because what you are looking for during color

recognition is not a certain color, but a certain one Range of colors, so use the HSV

color space that is more in line with human eye habits for color recognition.

40.2 Process of Color Identifying and Tracking

We can use this function to control the servo to make the camera aim at the object

(with color) you need to track. The general tracking process is as follows:
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40.3 HSV Color Component Range in OpenCV

HSV\

Color
Black

Gre

y
White Red Orange Yellow Green

Cya

n
Blue

Purpl

e

H_mi

n
0 0 0 0|156 11 26 35 78 100 125

H_ma

x
180 180 180 10|180 25 34 77 99 124 155
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S_mi

n
0 0 0 43 43 43 43 43 43 43

S_ma

x
255 43 30 255 255

25

5
255 255 255 255

V_mi

n
0 46 221 46 46 46 46 46 46 46

V_m

ax
46 220 255 255 255

25

5
255 255 255 255

40.4 Learn the code program of visual line inspection

We put the code program for visual line inspection in the directory:

adeept_alter/server

You can find three code programs in the ColorFind_flask_streaming folder:

app.py, base_camera.py and camera_opencv.py. When using the OpenCV function ,

These three files need to be used in the same folder.

Here we use Subline IDE to view and edit the code program of this lesson.Please

see the content of lesson 2 for specific methods. The specific code and comments are

as follows:

In the file manager of the MobaXterm terminal, find the directory:

alter/01SoftwarePackage/server

And open the code folder of this lesson: ColorFind_flask_streaming.

There are three code programs in the ColorFind_flask_streaming folder: app.py,

base_camera.py and camera_opencv.py. The difference between different functions is



326

only in the code in camera_opencv.py. Let's learn the code program of

camera_opencv.py together.

1. Import dependencies and initialize.

1. import os

2. import cv2

3. from base_camera import BaseCamera

4. import numpy as np

5.

6. '''''

7. Set the target color, HSV color space

8. '''

9. colorUpper = np.array([44, 255, 255]) # Track the upper limit of the color range.

10. colorLower = np.array([24, 100, 100]) # Track the lower limit of the color range.

11.

12. font = cv2.FONT_HERSHEY_SIMPLEX

2. Rewrite the frame function.

1. @staticmethod

2. def frames():

3. camera = cv2.VideoCapture(Camera.video_source)

4. if not camera.isOpened():

5. raise RuntimeError('Could not start camera.')

6.

7. while True:

8. _, img = camera.read() #Get the picture captured by the camera.

9.

10. hsv = cv2.cvtColor(img, cv2.COLOR_BGR2HSV) #Convert the captured image to HSV color

space.

11. mask = cv2.inRange(hsv, colorLower, colorUpper) #Traverse the colors in the target color range in

the HSV color space screen, and turn these color blocks into masks.

12. mask = cv2.erode(mask, None, iterations=2) #Corrosion of small blocks of mask (noise) in the

picture (small blocks of color or noise disappear)

13. mask = cv2.dilate(mask, None, iterations=2) #13. Expansion, the large mask that was reduced in the

previous step back to its original size

14. cnts = cv2.findContours(mask.copy(), cv2.RETR_EXTERNAL,

15. cv2.CHAIN_APPROX_SIMPLE)[-2] #Get the numbers of masks in the screen.

16. center = None

17. if len(cnts) > 0: #If the number of entire masks in the screen is greater than one,

18. '''''
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19. Get the center point coordinates of the object of the target color and the size of the object in the

screen.

20. '''

21. c = max(cnts, key=cv2.contourArea)

22. ((box_x, box_y), radius) = cv2.minEnclosingCircle(c)

23. M = cv2.moments(c)

24. center = (int(M["m10"] / M["m00"]), int(M["m01"] / M["m00"]))

25. X = int(box_x)

26. Y = int(box_y)

27. '''''

28. Get the center point coordinates of the target color object and output.

29. '''

30. print('The target color object is detected')

31. print('X:%d'%X)

32. print('Y:%d'%Y)

33. print('-------')

34.

35. '''''

36. Write text on the screen：Target Detected

37. '''

38. cv2.putText(img,'Target Detected',(40,60), font, 0.5,(255,255,255),1,cv2.LINE_AA)

39. '''''

40. Draw a frame around the target color object.

41. '''

42. cv2.rectangle(img,(int(box_x-radius),int(box_y+radius)),(int(box_x+radius),int(box_y-radius)),(2

55,255,255),1)

43. else:

44. cv2.putText(img,'Target Detecting',(40,60), font, 0.5,(255,255,255),1,cv2.LINE_AA)

45. print('The target color object is not detected')

46.

47. # Convert to jpg format and output.

48. yield cv2.imencode('.jpg', img)[1].tobytes()

【Attention】

You can set the color you want to recognize by changing the colorUpper and

colorLower in the code. It should be noted that the H value (hue) of the normal HSV

color space is 0-360, but in OpenCV, the H value range is 0-180.
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40.5 Start video streaming

Open the browser with a device in the same LAN as the Raspberry Pi, enter the

IP address of the Raspberry Pi in the address bar, and access port 5000.

After logging in, you will enter the interface of Adeept Bot Contorller, click

START: to turn on the color recognition function, and a quadrilateral recognition box

will appear at this time, press this button again to turn off the color recognition

function.

After clicking "START" and then clicking the "COLOR" button, an RGB color

interface will pop up. In this interface, you can select the color of the object you need

to recognize by sliding the dots in the position below, for example, we want to

recognize orange , then slide to the orange position, so that the recognition frame will

frame the color object that you set to recognize, and the LED on the robot body will

light up when the object is locked.
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Lesson 41 Create a WiFi Hotspot on Raspberry Pi

The method of turning on the WIFI hotspot in our robot product uses a project

from GitHub create_ap. Our installation script will automatically install this program

and related dependent libraries. If you have not run our installation script, you can use

the following command to install create_ap:

sudo git clone https://github.com/oblique/create_ap.git

cd create_ap

sudo make install

1.Install related dependent libraries:

sudo apt-get install -y util-linux procps hostapd iproute2 iw haveged dnsmasq

2.Before turning on the hotspot, your Raspberry Pi cannot be connected to WIFI,

and the WIFI module cannot be turned off, so when you test the hotspot function, you

need to connect the necessary peripherals for the Raspberry Pi.

3.Under normal circumstances, if the robot program is not connected to the WIFI

when it is turned on, it will automatically turn on the hotspot. You can use your phone

or computer to search for the WIF named Adeept. The default password is 12345678.

Once the connection is successful, you can log in to 192.168 .12.1: 5000 using a

browser to open the WEB application to control the robot.

4.If your Raspberry Pi is connected to peripherals, and you want to test the

Raspberry Pi ’s ability to turn on hotspots, you can click the WIFI icon in the upper

right corner of the Raspberry Pi ’s desktop, click the name of the connected WIFI,

click forget, and never turn Off WIFI, if it is already in the off state, you need to turn

it on.

5.When the WIFI module of the Raspberry Pi is turned on and is not connected to

any known network, you can enter the following command on the console to turn on

the WIFI:

sudo create_ap wlan0 eth0 Adeept 12345678

https://github.com/oblique/create_ap
https://github.com/oblique/create_ap
https://github.com/oblique/create_ap.git
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Adeept is the name of the WIFI hotspot, 12345678 is the password of the WIFI

hotspot.
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Lesson 42 Product API Documentation

In order to facilitate rapid secondary development for users, we encapsulate the

functions of Alter products in alterMove.py, which can be used directly.

1. Before writing your own program, first import alterMove.py, instantiate it, and

start the thread.

import alterMove

alter = alterMove.Alter()

alter.start()

screen = alterMove.OLED()

screen.start()

2. Then you can start calling these APIs and start writing your own programs.

3. The following is a description of the role of some functions:

Name Function

alterMove.anGen(a)
Enter the angle parameter and return the

corresponding servo PWM value.

alterMove.linkageD([L1,L2],

servoNum, [y, x])

Input link length L1 and L2, servo number,

coordinate value (X, Y), get the angle return value

of this servo.

alterMove.initServos()
Place all servos in the neutral position, make all

DOG's servo arms vertically downward.
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alterMove.linkageQ(leg, x, y)

Enter the number of the leg Leg to be controlled,

enter the coordinate values x and y, the function will

directly move the end position of the leg to the

specified coordinate point.

alterMove.move(command)

Triangular gait position generation, enter the

command (‘forward’‘backward’‘left’‘right’), the

function will generate the position to be run in the

next step according to the command and store it in

goalPos.

alterMove.moveD(command)

Triangular gait position generation, enter the

command (‘forward’‘backward’‘left’‘right’), the

function will generate the position to be run in the

next step according to the command and store it in

goalPos.

alterMove.rangeCtrl(minIn,

maxIn, val)

Enter the variable val and the maximum and

minimum values. The return value of this function is

between the maximum and minimum values to limit

the size of val.

alterMove.pitchRoll(pIn, rIn)
Control the pitch and swing angle of the robot by

passing in pIn and rIn.

alterMove.stay(hIn)
Make the robot stand, the hIn parameter is the

height when it is standing.
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alterMove.smove()

Both move() and moveD() are only used to generate

the target position coordinate points, and will not

make the servo swing. To make the servo swing,

you need to call smove() .

alter.moveStop() Control the robot to stop moving.

alter.moveAlter(speed,

direction, turning, rInput)

Control the robot to move, the maximum of speed is

100 and the minimum is 0, direction can be'forward'

or'backward', turning is the steering command,

which can be'left' or'right', rInput is a reserved

interface, there is currently no prescribed use.

screen.showLooks(command)

Call this function to control the OLED plane to play

expressions. For example, to make the robot laugh

is command = ‘laugh’

alterMove.set2812(R, G, B)

Set 2812 light bar to a certain color, RGB is the

brightness of each channel, the maximum value is

255.

alterMove.setSome2812(R,

G, B, idArray)

Set some lights to a certain color, idArray is an

array of light numbers.

alterMove.startPoliceLight() Turn on the warning light mode.

alterMove.startBreathLight(R

, G, B)

Turn on the breathing LED mode, you can choose

the color of the breathing LED.



335

alterMove.frontLightCtrl(com

mand)

The switch of the front two headlights, the

command can be'on' or'off'.

alterMove.lightStop() Pause the breathing LED or police light thread.

alterMove.switchCtrl(portNu

m, command)

The 3.7V switch control port can also be used to

control the headlights. PortNum is the switch port

number which can be 0, 1, 2; command is the status,

1 is on, and 0 is off.

alterMove.allPortsLow() Close all switch ports.
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