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Overview

The PS2X&Motor Driver Board driver can drive 4 DC motors, 2 encoder motors, 2 stepper motors, 6
servos (two external power supplies), and drive current up to 2A. The driver board is specially designed for
the Arduino uno R3 motherboard. It can be directly plugged into the Arduino Uno.The motherboard
integrates a passive buzzer, 2 RGB LED lights, and 1 infrared receiver.

It also reserves for PS2 socket, Uart interface, 12C interface, ultrasonic obstacle avoidance module
socket and other sensor interfaces which is very convenient to externally connect various sensor modules.

onpmoBBE
a8 HHB{:}
(-l d-0-0-0-)

Figure 1-1 Function Display
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Courseware Structure Diagram

ArduinoDemo --stores the most basic test demo program.

AdvancedExperiment --means a test program that uses the Emakefun_Motor Driver driver library for each
module.

Datasheet-- means the chip detailed data sheet used on the driver board.

Schematic-- means the schematic used by the driver board

Scratch -- means the image library and scratch user manual and sample program

PS2X&Motor Driver Board Composition frame
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Driver Board Introduction
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Figure 3-1 PS2X&Motor Driver Board Introduction

Common problems

Q: How to power the PS2X&Motor Driver Board?

A: It can be directly powered by the DC port of Arduino UNO. The voltage range is 6~12V and the
current is 500mA~2A. Or PH2.0 wiring port power supply, the voltage range is 6~12V, there is a power
supply jumper cap on the drive board, you need to short circuit the IN and 5V.

Q: How many motors does the PS2X&Motor Driver Board can drive?

A: The PS2X&Motor Driver Board can drive 4 DC motors ,2 stepper motors or 2 encoder motors.
Q: How does PS2X&Motor Driver Board connect power drive servo?

A: PS2X&Motor Driver Board has D5, D6 two interfaces for external power drive servo.
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The switch needs to be toggled to OFF, and the jJumper cap is connected to 5V, EX. The external power

supply is connected to the PH2.0-2pin terminal, and Vin is the positive pole.

Q: I want to upload the sample program to the Arduino board, suggesting that the upload failed.
What is the reason?

A: Before uploading the sample program to the Arduino board, you need to check if the board and
the computer are properly connected, then install the driver and try again.

Q: I want to upload the sample program to the Arduino board, and then the motor does not work
after turning on the power. What is the reason?

A: Firstly, check if the green indicator on the Arduino UNO board is on. If it is not on, it means the
power supply is not normal. Check whether the battery voltage is above 6v. Then check whether the motor's
wiring port is consistent with the port set in the program. Turn it on again.

Q: How to install graphical programming library?

A: Download the relevant tutorial under this link: https://github.com/keywish/motor-drive-board
Q: Where can we download the program examples?

A: Download the relevant tutorial under this link: https://github.com/keywish/motor-drive-board
Q: My Arduino will crash when the motor is running. Is the drive broken?

A: When the motor is running, the power consumption is large. You need to ensure that the battery
has sufficient power. You can try to charge the battery before turning it on.

Software Installation

Unzip the Arduino software installation package (path: MotorDriverBoard\ArduinolDE) under the
MotorDriverBoard folder, or download it from the Arduino website, download the address :
https://www.arduino.cc/en/Main/OldSoftwareReleases#previous

o )
arduino-1.

6.5-windo
WS

Figure 4-1 Arduino IDESoftware installation package
Unzip the zip file and double-click the arduino.exe installation file to install it. Because the installation

of “arduino.exe” is very simple, it will not be explained here. It is recommended to quit the anti-virus
software during the installation process, otherwise it may affect the IDE installation. After the installation is
complete, click "arduino.exe™ again to enter the IDE programming interface.
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After the IDE installation, we connect the Arduino motherboard, right click on "My Computer"->
“Properties” = “Device Manager” >View “Port (COM 1 LT) ” .If you see the interface below, the
driver has the installation is successful. At this time, we open the IDE and select the corresponding
development board model and port in the toolbar to use it normally.

— Device Manage [=Ta] <]

—h

File Action View Help

= | @ HE &

a = PC-20180429UK0G
b 3 Batteries
b -8 Computer
b -a Disk drives
» B, Display adapters
b ’3\5 Human Interface Devices
b ‘g IDE ATA/ATAPI controllers
b & Keyboards
b --B Mice and other pointing devices
» I Monitors
b ¥ Metwork adapters
T3 Ports (COM & LPT)

A3 Arduino Uno (coms)l
>-E roOCessors

b -% Sound, video and game controllers
> M System devices

-

o i Universal Serial Bus controllers

Figure 4-2 Driver installation successful interface
Notice:
1) If you connect the controller board to your computer, the computer does not respond. Right click on "My
Computer" and select Open Device Manager to view the port (com&lIpt). If there is no com or Ipt, or if there
is only an unknown device, there is a problem with the controller board or USB cable.
2) Right click on "My Computer" and select Device Manager to view the ports (COM and LPT). If there is
a yellow Arduino UNO exclamation point, this means you need to install the driver yourself, the drive path:
MotorDriverBoard\ArduinolDE.

3) If the driver is always installed but eventually fail. Please uninstall the driver and reinstall >
automatically install the driver > restart the computer.

1. If your computer is a Windows 7 system:

1) Firstly, right click on "My Computer" and open the Device Manager to view the ports (COM and LPT).
At this point you will see a "USB Serial Port", right click on "USB Serial Port" and select the "Update
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Driver Software™ option.

\age! s ol s S
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=@ E| Hm &3 %S
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» 48 Computer
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>
>
>
>

-2 Keyboards
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b JF Ports (COM & LPT Update Driver Software...

[ m Processors Disable

b »:Q‘ Sound, wde.o and ¢ Uninstall

b M System devices

[ i Universal Serial Bu Scan for hardware changes
Properties

Launches the Update Driver Seftware Wizard for the selected device.

Figure 4-3 Update Driver
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2) Nextly, next select the "Browse my computer for driver software" option.

) [l Update Driver Software - Arduino Mega 2560 (COMLD)

How do you want to search for driver software?

< Search automatically for updated driver software
Windows will search your computer and the Internet for the latest driver software
for your device, unless you've disabled this feature in your device installation
settings.

* D oo ) LU LU S LW i alrLvivdil o
Locate and install driver software manually.

Figure 4-4 Driver update selection interface
3) Finally select the driver file named "FTDI USB Drivers" located in the "Drivers" folder of the Arduino
software download.

Copy right © 2018 Shenzhen Emakefun Technology co., Ltd.




~makefun

make yourideas fun

@ [l Update Driver Software - Arduino Mega 2560 (COM10)

Browse for driver software on your computer

Search for driver software in this location:

D:vunatarduino'drivers - Browse...

[¥] Include subfolders

= Let me pick from a list of device drivers on my computer
This list will show installed driver software compatible with the device, and all driver
software in the same category as the device.

l Mext I[ Cancel

Figure 4-5 Select drive path

- ~

Browse For Folder ==

Select the folder that contams drivers for your hardware.

“  Arduino -
I &> 4. drivers I

m

J. b .
4. lhibrarnies

L. reference

4. tools

L = =

Figure 4-6 install driver
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4) If you have already installed it, the interface shown in Figure 4-7 below will appear, automatically
notifying you that the drive is successful.

2 |l Update Driver Software - Arduina Uno (COM21)

Windows has successfully updated your driver software
Windows has finished installing the driver software for this device:

Arduine Uno

Close

Figure4-7 Driver installation completed
At this time, we return to the "Device Manager" interface, the computer has successfully identified the
Arduino, as shown in Figure 4-8, then open the Arduino compiler environment, you can open the Arduino

SR BN BEV)  EEH)
= 0 E HE C B S5

4 8 PC-201809170WVM
b g IDE ATA/ATAPI 515
> [ B

{8 TR
. S

-l AEEEARE

b EE. SRS
- gEaEEstEE

- § EESTaEmE

- FmEES

oo EGAE

» W SrEEs

journey

Figure 4-8 Drive successful identification interface
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Note: In the Win10 system, after some Arduino is connected to the computer (non-genuine chips are
difficult to be recognized), the system will automatically download the corresponding driver, you don’ t
need to install the driver by yourself, but in Win7 system, you need to follow the above steps. Install the
driver manually.

As shown in the figure above, we can see that the USB serial port is recognized as COM15, but different
computers may be different. You may be COM4, COMS5, etc., but the Arduino Uno must be the same. If you
do not find the USB serial port, it may be that you installed it incorrectly or the system is not compatible.

Then we introduce the IDE interface of Arduino. Firstly, enter the software directory. Then you can see the
arduino.exe file and double click to open the IDE. As shown in Figure 4-9.

L Lk k] L L@ @

drivers examples  hardware java lib libraries reference tools tools-buil | arduinc.ex |arduincldj arduino_d

der e Jani ebug.exe
B T
: E iy \ i ‘ 4 ‘ e
R S B C7

3
e |
arduino_d  arduino-b  libusb0.dll  msvcpl00. msverl0D.  revisionst  wrapper-
ebug.ldjini  uilder.exe dll dll xt manifest.x
ml

A
v..

i

Figure 4-9 Software catalog
1. The first thing that catches your eye is the interface below. The toolbar button functions are
"Compile" - "Upload" - "New Program" - "Open Program" - "Save Program™ - "Serial Monitor", as
shown in Figure 4-10.
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'File Edit Sketch Tools Help

Save program
Open program
Serial Monitor
New program

Upload

Compiled

Figure 4-10 Arduino IDE interface
2. There are 5 menus on the menu bar, but we mainly introduce File and Tools. Click File, the
interface shown in Figure 4-11, you can see the Examples and Preference options.Examples are
some of the Arduino's own programs, these are compiled and can be used normally, which is very
helpful for beginners. The Preference option is mainly the setting of parameters, such as language,
font, etc.

Edit Sketch Tools Help

New CerleN
Open... Crl+ O
Sketchbook »

| Examples » |
Close Cerl+ W
Save Ctri+S
Save As... Cerl+Shift+S
Upload CrrieU

Upload Using Programmer Ctrl+Shift+U

Page Setup Ctrl+Shift+P
Print Ctris P
Preferences Ctrl+Comma
Quit Crl+Q

J

Figure 4-11 File menu bar options
3. Click Tools, the interface shown in Figure 4-12 pops up. Here we can see the two options of Board
and Port. In the Board option, we can see the commonly used Arduino development board models,
you only need to choose according to the development board in your hand. In the Port option, the
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USB serial port is mainly selected, as shown in Figure 4-13. If you are not sure, you can view it in
the Device Manager and select the corresponding COM port.

Auto Format Ceri+T
Archive Sketch
Fix Encoding & Reload

e -
File

sketch_sep07a

Serial Monitor Ctri+Shift+M
Board L} Arduino AVR Boards
Port L Arduino Yan
© Arduino Uno
1 } Programmer . = " PR
Arduino Duemilanove or Diecimila

Burn Bootloader )
Arduino Nano

1 0¢ P () { Arduino Mega or Mega 2560
Arduino Mega ADK
ut y Arduino Leonardo
Arduino Micro
Arduino Esplora
} Arduino Mini
Arduino Ethernet
Arduino Fio
Arduino BT
LilyPad Arduino USB
LilyPad Arduino
Arduino Pro or Pro Mini
Arduino NG or older
Arduino Robot Control
Arduino Robot Motor
Arduin o ARM (32-bits) Boards
Arduino Due (Programming Port)
Arduino Due (Native USB Port)

Figure 4-12 Tools interface

sketch_jun13a | Arduino 1.8.1
File Edit Sketch (Tools| Help

Auto Format Ctrl+T
Archive Sketch
sketch:juni3q Fix Encoding & Reload
void setu Serial Monitor Ctrl+Shift+M
' Serial Plotter Ctrl+Shift+L
put

WiFi101 Firmware Updater

} Board: "Arduino/Genuinc Uno" 4
Port: "COM15 (Arduino/Genuino Uno)" ) Serial ports
Get Board Info v COMI15 (Arduino/Genuino Uno)

void 1 0op Programmer: "USBtinyISP" 4

'/ put Burn Bootloader redly:

[:-I-j' Metwork adapters
4 Y3 Ports (COM & LPT)

HI"? Arduino Uno (COM15) |

Figure 4-13 USB Serial port selection
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So far, we have basically completed all the work, the next step is to combat, open any of the programs in
Examples. First compile the program, if compiled correctly, you can directly download to the development
board, then connect the corresponding device and the wire, you can see the corresponding phenomenon.

Connect to the Arduino UNO R3 development board

The pin header on the PS2X&Motor Driver Board can be plugged directly into the Arduino UNO R3
development board. No other flying lines are required. The pins are fully compatible and easy to install.

Run the sample code steps

1) Connect the Arduino UNO R3 development board connected to the PS2X&Motor Driver Board to the
computer via a USB cable;

2) Click “Connect—> Serial port->COMA4(the number of this COM port is different for different computers)”;

3) Burning sample program (taking DC motor as an example)

4) In the IDE, choose “file = turn on”, Open the DC motor test sample code in the code base (sample
program file path: MotorDriverBoard\ArduinoDemo\TB6612_DC_Motor.ino);

5) Click the Upload button to burn the motor test sample program into the Arduino UNO R3 development
board connected to the PS2X&Motor Driver Board.

The power supply on the driver board can be directly powered by the DC port of the Arduino UNO. The
voltage range is 6~12V and the current is 500mA~2A. Or PH2.0 wiring port power supply, the voltage
range is 6~12V, there is a power supply jumper cap on the drive board, you need to short circuit the IN and
5V.

Copy right © 2018 Shenzhen Emakefun Technology co., Ltd.



~makefun

make yourideas fun

VBAT and extern power switch
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Figure 5-1 Power schematic

DC Motor

The PS2X&Motor Driver Board uses the PCA9685 to output the PWM control motor driver chip
TB6612FNG. Now we’ll briefly introduce the two chips.
The main parameters of PCA9685 are as follows:
@ 12C interface control can control 16-channel PWM and support up to 16 servos or PWM output, 12-bit
resolution for per channel (4096 levels)
@ Built-in 25MHz crystal oscillator, can be connected to external crystal oscillator or can also not be
connected to external crystal oscillator, up to 50MHz.
@ Supporting 2.3V-5.5V voltage, maximum withstand voltage is 5.5V
With power-on reset, software reset and other functions
The device address of the PCA9685 is determined by the pins A0, Al, A2, A3, A4, and A5, and the pin
cannot be left floating. Since there are six pins that together determine the device address, there are 64
device addresses. Since the IC keeps the LED All Call address (EOh, 1110 000) and Software Reset address
(06h, 0000 0110) after power-on, there are only 62 available device addresses. Therefore, theoretically one
12C interface can control the way 16* 62=992 PWM, the pin control device address is shown in the figure
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below:

slave address

.

1 |AS | A4 | A3 | A2 | A1 | AO |[R/W

\ J

fixed hardware ;electable

002aad168

Fig4. Slave address

Figure 6-1 Device address schematic
For detailed use of the chip, please refer to {MotorDriverBoard\Datasheet\PCA9685.pdf»

The PS2X&Motor Driver Board uses TB6612FNG to drive the motor. The TB6612FNG has a high-current
MOSFET-H bridge structure, dual-channel circuit output, and a continuous drive current of up to 1.2 A per
channel. The peak current is 2A/3.2 A (continuous pulse/single pulse). 4 kinds of motor control modes:
forward/reverse/brake/stop; standby state; PWM supports frequency up to 100 kHz; on-chip low-voltage
detection circuit and thermal shutdown protection circuit, main pin function of TB6612FNG: AINI/AIN2
BIN1/BIN2, PWMA/PWMB are control signal input terminals; AO1/A02, B01/B02 are 2 motor control
output terminals; STBY is normal working/standby state control pin; VM (4.5~15 V) and VCC ( 2.7 to 5.5
V) are the motor drive voltage input and the logic level input, respectively.

In the Arduino, the analog voltage cannot be output, and only the digital voltage value of 0 or 5V can be
output. We use the high-resolution counter to modulate the square wave's duty cycle to the level of a specific
analog signal to encode. The PWM signal is still digital because at any given time, the full-scale DC supply
is either 5V (ON) or OV (OFF). The voltage or current source is applied to the analog load in a repeating
pulse sequence of ON or OFF. When the DC power is applied to the load, the power is disconnected when
the power is turned off. Any analog value can be encoded using PWM as long as the bandwidth is sufficient.
The output voltage value is calculated by the on and off times. Output voltage = (on time / pulse time) *
maximum voltage value, Figure 6-2 is the voltage corresponding to the pulse change.
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Figure 6-2 Diagram of pulse and voltage

For detailed use of the chip, please refer to {MotorDriverBoard\Datasheet\TB6612FNG.pdf)

The PS2X&Motor Driver Board has four DC motor interfaces, namely DC motor interface 1, DC motor
interface 2, DC motor interface 3 and DC motor interface 4, which can be directly connected to the drive via

the terminals. Connect 4 DC motors to DC motor interface 1, 2, 3, 4 (as shown in Figure 6-3). After
connecting the motor, connect the battery to the development board, turn on the power switch, and the
program starts running. We will see the motor will turn up, and the drive schematic of the DC motor is

shown in Figure 6-4.
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Figure 6-3 DC Motor connection diagram
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Figure 6-4 Motor drive schematic

Experimental procedure

Open the IDE, load the file -> AdvancedExperiment->TB6612_DC_Motor-> TB6612_DC_Motor.ino
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We can see that motor 1 and motor 2 are constantly turning and reversing.

Stepper Motor

Stepper motor is an open-loop control motor that converts electrical pulse signals into angular displacement
or line displacement. It is the main actuator in modern digital program control systems and widely used. In
the case of non-overloading, the speed and stop position of the motor only depends on the frequency of the
pulse signal and the number of pulses.

8, _veo

S 7

8

8 7

Figure 7-1 stepper motor schematic
As shown in Figure 7-1 above, there are multiple pairs of magnetic poles inside the stepping motor.If the
power-on state remains unchanged, the stepper motor will remain in a fixed state. Only by changing the
energization state of each pair of poles can the stepper motor continue to rotate. Therefore, the stepper motor
cannot be directly connected to the DC or AC power supply, and a dedicated driving power supply (stepper
motor driver) must be used. The controller (pulse signal generator) can control the angular displacement by
controlling the number of pulses to achieve the purpose of accurate positioning. At the same time, the speed
and acceleration of the motor rotation can be controlled by controlling the pulse frequency, thereby
achieving the purpose of speed regulation.

Connect a stepper motor to port 1 and port 2 of the stepper motor as shown in Figure 6-5. The working
voltage of the stepper motor is between 5~12V. If the working voltage of the stepper motor is too low or too
high, there is a phenomenon that the burned motor or the drive board collapses, and the battery should be
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fully charged when driving the motor. After connecting the motor to the line (as shown in Figure 7-2), find
the stepper motor test sample program in the sample program (sample program file path: load file ->
AdvancedExperiment -> Stepper-> Stepper.ino). Burning the program into the development board, then turn
on the power of the driver board, you will find the stepper motor rotates. The schematic diagram of the
stepper motor is shown in Figure 6-4.

Figure 7-2 Stepper motor connection diagram

Encode Motor

An encoder is a rotary sensor that converts angular or angular velocity into a series of electrical digital
pulses. We can measure the displacement or velocity information through the encoder. The encoder is
divided into output data types and can be divided into incremental encoders and absolute encoders. From the
principle of encoder detection, it can also be divided into optical, magnetic, inductive and capacitive.
Commonly used are photoelectric encoders (optical) and Hall encoders (magnetic) and our balanced car
trials are Hall encoders.

A Hall encoder is a sensor that converts the amount of mechanical geometric displacement on an output
shaft into a pulse or digital quantity by magnetoelectric conversion. The Hall encoder consists of a Hall code
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disc and a Hall element. The Hall code disc is equidistantly arranged with different magnetic poles on a
circular plate of a certain diameter. The Hall code disc is coaxial with the motor. When the motor rotates, the
Hall element detects and outputs several pulse signals. In order to judge the steering, two groups of square
wave signals having a certain phase difference are generally output. It can be seen that the encoders of both
principles aim to obtain the square wave signal of the AB phase output, and the method of use is the same.
The following is a simple schematic diagram.

Holzer code disk or
photoelectric encoder

vy
.

Moto tail —

R

0_: Phase A

pulse signa

\/ M Two speed
L

Hall element or photocell Phase B

Figure 8-1 Schematic diagram of the Coded Motor

Specific to our encoder motor, we can look at the actual motor encoder. This is an incremental output Hall
encoder. The encoder AB phase output, so not only the speed can be measured, but also the steering can be
discerned. According to the wiring instructions in Figure 6-2-4, we only need to supply 5V power to the
encoder, and the square wave signal can be output through the AB phase when the motor rotates. The
encoder comes with a pull-up resistor, so no external pull-up is required and can be directly connected to the
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microcontroller 10 for reading.
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Figure 8-2 Encoder wiring diagram

Connect a coding motor to port 1 and port 2 of the encoder motor as shown in Figure 8-3. The working
voltage of the encoder motor is between 5 and 12V. After connecting the motor to the line, find the encoded
motor test sample program in the sample program  (sample program file path: load file ->
AdvancedExperiment -> Encoder -> Encoder.ino), burn the program to the development board, and then
turn on the driver. The power of the board will find that the two encoder motors will rotate synchronously.
The schematic diagram of the encoder motor is shown in Figure 6-4.
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Figure 8-3 Coded motor connection diagram

RGB LED light

The WS2812 RGB LED lamp is a three-channel drive control. It contains an intelligent digital interface
data latch signal shaping and amplifying driver circuit. It also includes a high-precision internal oscillator
and a 15V high-voltage programmable constant current output driver. At the same time, in order to reduce
the power supply ripple, the three channels have a certain delay turn-on function, which can reduce the
circuit ripple installation more easily during frame refresh.

Unlike the traditional RGB LED lamps, the WS2812 RGB LED lamps integrate a dedicated driver control
chip to control one LED bead or multiple LED modules with a single signal line. Its main features are as
follows:
® OQutput port withstand voltage 15V
® Built-in voltage regulator tube, only 24V power supply terminal only needs string resistor to IC
VDD pin, no need to add regulator tube
® Grayscale adjustment circuit (256 levels of grayscale adjustable)
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® Built-in signal shaping circuit, after any IC receives the signal, the waveforms of other various LED
lighting products are shaped and re-output to ensure that the waveform distortion of the line will not
be accumulated.

® Built-in power-on reset and power-down reset circuit

® The PWM control terminal can achieve 256 levels of adjustment, and the scanning frequency is not
less than 400Hz/s.

® Serial interface level connection port, which can receive and decode data through one signal line

® Any two points transmission distance is more than 10 meters without adding any circuit

® \When the refresh rate is 30 frames/second, the cascading number of the low-speed mode is not less
than 512 points, and the high-speed mode is not less than 1024 points.

® Data transmission speed is 800Kbps mode

WS2812 RGB LED light data protocol adopts single-line return-to-zero code communication mode.
After the power-on reset, the DIN terminal accepts the data transmitted from the controller. The first 24 bits
of data sent by the first pixel are extracted and sent. The data latch inside the pixel, the remaining data is
shaped and amplified by the internal shaping processing circuit, and then the output is forwarded to the next
cascaded pixel through the DO port, and the signal is reduced by 24 bits after each pixel transmission. The
pixel adopts automatic shaping and forwarding technology, so that the number of cascaded pixels is not
limited by signal transmission, and only the signal transmission speed is limited.

The data latch inside the chip generates different duty cycle control signals at the OUTR, OUTG, and
OUTB control terminals according to the received 24bit data. When the DIN terminal inputs the RESET
signal, all the chips synchronously send the received data to each section. The chip will re-accept the new
data after the end of the signal. After receiving the first 24bit data, the data port is forwarded through the DO
port. Before the chip receives the RESET code, the original output of the OUTR, OUTG, and OUTB pins
remains unchanged. After receiving a low level RESET code of 50us or more, the chip outputs the pulse
width of the 24bit PWM data just received to the OUTR, OUTG, and OUTB pins. The pin and function of
the chip are shown in Figure 9-1 and Table 1.

No Symbol Pin name Function description
1 vDD | Logic power IC Power Supply
2 ouT LED Drive output | Display data cascade output
3 IN LED Drive input | Display data input
4 VSS Ground Ground, finally cascaded
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Table 1 WS2812 chip pin function table

—1 VDD IN

OUT VSS

Figure 9-1 Schematic diagram of the pin function of the WS2812 chip

The WS2812 RGB LED low level is represented by TO, which is 0.5us high level 2us low level. T1

consists of a low level of 2us and a low level of 0.5us. Low level time above 50us during reset.

TOH 0 yards, high voltage time 0. 516
T1H 1 yard, high voltage time 218
TOL 0 yards, low voltage time 216
TiL 1 yard, low voltage time 0. 518
RES Reset code, low voltage time >5018
NS FASL NN
Cascade Method

TOL
R —
| | TI1L |
1% TIH

Treset J]

DI——D2—— D3 __|D4

DIN DO » DIN DOp—

DIN DO

IC 1 IC 2 IC3

RESETES |

Figure 9-2 Waveform timing diagram and connection method
24bit data structure

‘R7|R6‘R5‘R4|R3‘R2|Rl‘RO‘G7‘G6‘G5‘G4‘G3‘G2‘Gl‘GO‘B?‘BG‘BS‘B4|BB‘B2|B1‘BO|

There are two RGB LED lights RGB1 and RGB2 on the PS2X&Motor Driver Board. You can control the
RGB light-off timing by programming. You can also set the color of the RGB light (example program file
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path: load file -> ArduinoDemo -> RGB - > RGB _test1.ino) After burning the sample program, turn on the

power switch and you will see the RGB light flashing. The schematic diagram of the RGB LED light is
shown in Figure 9-3.

RGB Buzzer
+5Y +4V
*L RGBL TB]_
c15 1 vn[Om =) RGB @ 1
—— — A T
0 1uf 2 {gu™—AHss}3 >3 %‘ﬂ 5
i -
ws2812 QlBuzzer
GND
GND C
+5V z
0 ReB? ., &| 558550
L fyno INfA Bl |E
Tl 2 a st 3 R15
- ™ v |Buzzer,‘. VA
g.1uf 1K
ws2812 <
GND
GND GND

Figure 9-3 RGB LED and buzzer schematic

Buzzer

The buzzer is an integrated structure electronic sounder that is powered by a DC voltage and is used in
electronic products as a sounding device. The buzzer is mainly divided into two types: active buzzer and
passive buzzer. The main difference between the two is as follows:

The ideal signal for active buzzer operation is direct current, usually labeled VDC, VDD, and so on.
Because the buzzer has a simple oscillating circuit inside, it can drive the molybdenum sheet to vibrate as
long as it is energized. However, some active buzzers can work under certain AC signals, but the voltage
and frequency of the AC signal are very high. This kind of scene is rare.

There is no oscillation circuit inside the passive buzzer, and the working signal is a pulse signal of a

certain frequency. If the passive buzzer for the DC signal is not responsive, the molybdenum sheet cannot
vibrate because the magnetic path is constant.
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Figure 10-1 Physical diagram of active buzzer and passive buzzer

The passive buzzer generates music mainly by controlling the buzzer sound by outputting high and low
pulse signals from the 1/0 port of the single chip microcomputer. To generate an audio pulse signal, it is
necessary to calculate the period (1/frequency) of an audio, and then dividing this period by 2 is the half-
cycle time. The time of this half cycle is counted by the single-chip timer, and the 1/O port of the output
pulse is inverted every time the timer is counted, so that the frequency of the pulse is obtained on the 1/0
port.

For example, if the Arduino uses a 12MHzs crystal, the sound of the mid-tone Re is required to output an
audio pulse frequency of 587Hzs. The pulse period of the audio signal is T=1/587=1703.5775us, and the
half-cycle time is 852us. The device count = 852us / 1us = 852, the 1 / O port is inverted at 852 every count,
the middle adjustment Re of C major is obtained.

In addition, the passive buzzer sounds the principle that the current passes through the electromagnetic coil,
causing the electromagnetic coil to generate a magnetic field to drive the diaphragm to sound. Therefore, a
certain current is required to drive it and the voltage output from the Arduino I/O pin is small. The level of
the Arduino output basically does not drive the buzzer, because an amplifier circuit needs to be added. Here,
a transistor S8050 is used as an amplifying circuit.
Drive buzzer

There is a passive buzzer on the PS2X&Motor Driver Board. You can control the buzzer to play the
prompt or play music by writing a program (example program file path: load file -> ArduinoDemo ->
Buzzer -> Happy_Birthday -> Happy_Birthday.ino) After burning the sample program, turn on the power
switch and the buzzer plays music. The schematic diagram of the buzzer is shown in Figure 9-3.
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Drive servo

The steering gear is also called servo motor which is originally used in ships, since it can control the angle
continuously through the program, so it has been widely used in intelligent steering robot to achieve all
kinds of joint movement, the characteristics steering gear are small volume, large torque, high stability,
simple external mechanical design. Either in hardware or software design, the design of steering engine is an
important part of car controlling, the steering gear is mainly composed of the following parts in general,
steering wheels, gear group, position feedback potentiometer, DC motor and control circuit. Figure 11-1 and
Figure 11-2 show the internal structure of the Servo. The Motor Driver Board uses a 180 degree SG90 (180
degree) 99 servo.

Transmission gear set

DC Motor

Figurell-1 Diagram of Servo
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Figure 11-2 Physical diagram of the servo

The servo control signal enters the signal modulation chip from the channel of the receiver to obtain a
DC bias voltage. It has a reference circuit inside, which generates a reference signal with a period of 20ms
and a width of 1.5ms, and compares the obtained DC bias voltage with the voltage of the potentiometer to
obtain a voltage difference output. Finally, the positive and negative voltage output of the voltage difference
to the motor drive chip determines the forward and reverse of the motor. When the motor speed is constant,
the potentiometer is rotated by the cascade reduction gear, so that the voltage difference is 0, and the motor

stops rotating.

When the control circuit board receives the control signal from the signal line, the motor is controlled to
rotate, the motor drives a series of gear sets, and after deceleration, the drive is transmitted to the output
steering wheel. The output shaft of the steering gear and the position feedback potentiometer are connected.
When the steering wheel rotates, the position feedback potentiometer is driven. The potentiometer will
output a voltage signal to the control circuit board for feedback, and then the control circuit board
determines the motor according to the position. The direction and speed of rotation to achieve the target
stop. The workflow is: control signal — control circuit board — motor rotation — gear set deceleration —
steering wheel rotation — position feedback potentiometer — control circuit board feedback.
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The control signal period of the servo is 20MS pulse width modulation (PWM) signal, the pulse width is
from 0.5-2.5MS, and the corresponding steering wheel position is 0-180 degrees, which varies linearly. That
is to say, give him a certain pulse width, its output shaft will maintain a certain corresponding angle, no
matter how the external torque changes, until it is given a pulse signal of another width, it will change the
output angle to the new corresponding position is shown in Figure 11-3. There is a reference circuit inside
the steering gear to generate a reference signal with a period of 20MS and a width of 1.5MS. There is a
comparator that compares the applied signal with the reference signal to determine the direction and size to
produce the motor's rotation signal.

The Min pulse width |_| |_| |_| o

Ihe pulse width 1ms

O

90

IThe medium pulse width

he pulse width 1.5ms

I'he Max pulse width

180

|
WG

T'he pulse width 2ms

Figure 11-3 Relationship between servo output angle and input pulse

Drive Servo

The PS2X&Motor Driver Board driver board can drive the servo, the servo pin position on the driver
board (red pin), with ground pin (GND), power pin (VCC) and signal pin (S), three the pins are respectively
connected to the corresponding pins of the servo (Fig. 11-4). The servos can also be controlled by 12C
communication, as shown in Figure 11-5. (Example program file path: Load file -> ArduinoDemo -> Servo
-> 12C_Servo.ino) After burning the sample program, connect the serial port and observe the data printed by
the serial port; or program the steering gear to rotate in different directions. We can realize the steering of
the robot by driving the rotation of the steering gear, or the sensor probe Installed on the steering gear to
adjust the detection direction of the sensor through the servo. The schematic diagram of the servo interface
is shown in Figure 11-6.
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Note: The sample program file path is controlled by the 1/O digital pin. If you need to control the servo
through 12C, you need to connect the wiring of the servo to the corresponding interface in the schematic.

Figure 11-4 MG90 Servo machine physical map

N
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Figure 11-5 Drive Servo connection diagram
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Figure 11-6

How to use an external power supply to drive the servo

The PS2X&Motor Driver Board can not only power the sevo through the main control chip to drive the
servo, but also power the servo through an external power supply to drive the servo. The voltage of the main
control chip of PS2X&Motor Driver Board is generally 5V. When driving the servo, although it can also be
driven, some servos will have a rated voltage higher than 5V. If 5V is used to supply power, there will be
steering rotation. If the force is too small, the accuracy will be affected. If the external voltage is greater than
5V (5.2-7.2V), then the steering gear will be driven, obviously the speed of the steering gear will be much
faster, and the force during rotation will be very high, strong and accurate.

The specific steps are as follows:

1) Short the power supply pin 5V and EX pin on the PS2X&Motor Driver Board through the jumper cap;

2) Connect the external power supply to the power connector on the PS2X&Motor Driver Board,

3) Turn on the power switch.

Ultrasonic obstacle avoidance module

The ultrasonic transmitter emits ultrasonic in a certain direction, and starts timing at the same time as the
transmission time. When the ultrasonic travels in the air, it will return immediately when it hits an obstacle.
And the ultrasonic receiver stops the timing immediately upon receiving the reflected waves. The

propagation speed of the ultrasonic in the air is V, and according to the time difference At of the measured
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transmitted and received echo recorded by the timer, the distance S of the emission point from the obstacle
can be calculated, that is:
S=Vat/2

The PS2X&Motor Driver Board has a four-wire ultrasonic module interface on the driver board. The
four pins are the power supply pin (vcc), the ultrasonic signal transmission pin (Al), the ultrasonic signal
receiving pin (Al), and the ground (GND). The four pins are connected to the corresponding pins of the
ultrasonic module (as shown in Figure 12-1), as shown in Figure 12-2. (Example program file path: Load
file -> ArduinoDemo -> Ultrasonic -> Ultrasonic .ino) After burning the sample program, turn on the power
switch and turn on the serial monitor. You will see the distance of the ultrasonic probe continuously printed
on the serial monitor. The schematic diagram of the ultrasonic obstacle avoidance module interface is shown
in Figure 12-3.
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Figure 12-1 Physical diagram of the ultrasonic module

Figure 12-2 Ultrasonic module connection
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Figure 12-3 Schematic diagram of ultrasonic connection

Infrared Remote Control

Infrared wireless remote control consists of Mini ultra-thin infrared remote control (shown in Figure

13-1) and integrated 38KHz infrared receiving head. Mini ultra-thin infrared remote control has 17 function

keys, the transmission distance can reach 8 meters, which is very suitable for Control a variety of equipment

QOO0

Figure 13-1 Infrared remote control physical map

indoors.

In the Motor Driver Board of the racing car,the integrated infrared receiver has been added to the expansion

board. When it is used, it only needs to be inserted into the Arduino. When there is an infrared coded signal

transmission, after being processed by the infrared connector, the output is a square wave signal after the
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detection and shaping, and is directly supplied to the single chip microcomputer, and the corresponding
operation is performed to achieve the purpose of controlling the motor.

The remote control system generally consists of a remote control (transmitter) and a receiver. When
you press any button on the remote control, the remote control generates a corresponding code pulse to
output various infrared-based control pulse signals. The pulse is a computer command code. The infrared
monitor diode monitors the infrared signal and then sends the signal to the amplifier and the limiter. The
limiter controls the pulse amplitude to a certain level regardless of the distance between the infrared
transmitter and the receiver. The AC signal enters the bandpass filter. The bandpass filter can pass the load
wave of 30KHZ to 60KHZ, enter the comparator through the demodulation circuit and the integration
circuit, and the comparator outputs high and low levels to restore the signal waveform of the transmitter. As

shown in the 13-2 system fram diagram.

—» Kevyboard > Code modulation > LED »

Infrared remote transmitter

_+ Signal amplification + Demodulation ™ Decoding —»

Infrared Remote Control Receiver

Figure 13-2 Block diagram of the infrared transmitting and receiving system

There is an infrared remote control receiving probe on the PS2X&Motor Driver Board (as shown in
Figure 14-1). (Example program file path: Load file -> ArduinoDemo -> IrkeyPressed -> IrkeyPressed.ino)
After burning the sample program, turn on the power. Switch, and open the serial monitor, use the remote

control to press the different buttons on the infrared receiver on the driver board, you will see different
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numbers printed on the serial monitor, and the receiver will light red when receiving the infrared signal.Of
course, you can also write a program that uses infrared remote control to control the rotation of the motor or
the rotation of the servo. It is more intuitive to see the effect of the infrared remote control. The schematic
diagram of the infrared remote control is shown in Figure 14-3
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Figure 14-1 Infrared receiver head physical map
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Figure 14-2 Infrared remote control
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Figure 14-3 Schematic diagram of the infrared receiver connection

PS2 Remote Control

The PS2 handle is the remote control handle of Sony game machine, Sony series game host is in the world
very popular. The outstanding characteristic is that this kind of handle price is extremely high now. Key-
rich, easy to extend to other applications, such as the picture 15-1 is a commonly used PS2 wireless handle.
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Figure 15-1 PS2 Wireless Handle
PS2 handle is composed of two parts of the handle and receiver, the handle needs two section 7th 1.5V
power supply, the receiver's power supply and controller use the same power supply, the power supply range
is 3~5v, can not be reversed or exceed voltage. Overvoltage and reverse connection will cause the receiver
to burn out. There is a power switch on the handle, on the open/off off, the handle switch to on.In the case of
no search to the receiver, the lamp on the handle flashing constantly, in a certain period of time, has not been
found in the receiver, the handle will enter Standby mode, the handle on the lights will be extinguished, at

this time, press the "START" button, wake-up handle.

The receiver is connected to the Arduino, and is powered by Arduino. In an unpaired condition, with a
green light flashing. The handle is open, the receiver is powered, the handle and receiver will automatically
pair, when the lamp is always bright, the handle pair succeeds. The key "mode" (handle batch is different,
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the above identification may be "analog”, but will not affect the use), you can choose "Red light Mode",

"Green mode".
There are 9 interfaces at the end of the receiving head, each of which is shown in the following table:
1 2 3 4 5 6 7 8 9
DI/DAT | DO/CMD NC GND |VDD CS/SEL CLK NC ACK

Note: The batch is different, the appearance of the receiver will be a difference, one on the power light red
light, a power supply lights, but the use of the same method, pin definition is the same.

Di/dat: Signal flow, from the handle to the host, this signal is a 8bit serial data, synchronous transmission in
the clock down the edge. The reading of the signal is done in the process of changing the clock from high to
low.

Do/CMD: Signal flow, from the host to the handle, this signal and DI relative, the signal is a 8bit serial data,
synchronously transmitted to the clock down the edge.NC: Empty port; .

GND: Ground;

VDD: The 3~5V power supply;

CS/SEL.: Providing trigger signals for handles, the level is low during communication;

CLK: The clock signal is sent by the host to maintain data synchronization;

NC: Empty port;

ACK: the response signal from the handle to the host. This signal changes to low in the last cycle of each 8-
bit data sending, and the CS remains low. If the CS signal do not remain low, the PS host will try another
device in about 60 microseconds. The ACK port is not used in programming.

There is a PS2 port on the PS2X&Motor Driver Board. The PS2 infrared receiver can be directly
plugged into the PS2 port. After the PS2 receiver is properly inserted (as shown in Figure 11-1), the sample
program starts to be burned. (Example program file Path: Load File -> ArduinoDemo -> PS2X_Example ->
PS2X_Example.ino) After burning the sample program, turn on the power switch and turn the handle switch
to ON. When the receiver is not searched, the light on the handle will flash continuously. The receiver has
not been searched for a certain period of time. It will enter standby mode, the light on the handle will be
extinguished, then press the "START" button to wake up the handle. The handle and the receiver are
automatically paired. When the pairing is not successful, the green light of the receiver flashes, and the light
on the handle will also flash. After the pairing is successful, the green light on the receiver is always on, and
the light on the handle is always on. Press the button “MODE”. "(The handle batch is different, the above

logo may be "ANALOG", but it will not affect the use), you can choose "red light mode", "green light
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mode". After the connection is successful, open the serial monitor, use the handle remote control to press the

different buttons on the drive board, you will see the print content on the serial monitor. Of course, you can

also write a program that uses PS2 to control the rotation of the motor or the rotation of the servo. It is more

intuitive to see the effect of the PS2 remote control. The schematic diagram of the PS2 remote control is

shown in Figure 15-3.,

Figure 15-2 PS2 Control
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Figure 15-3 Schematic diagram of the PS2 receiver
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NRF2401

The nRF24L01+ module(as shown in Figure 13-1) is a 2.4G wireless communication module developed by
Nordic based on the nRF24L01 chip. Adopt FSK modulation and integrate Nordic's own Enhanced Short
Burst protocol. Point-to-point or 1-to-6 wireless communication can be achieved. Wireless communication
speed can reach up to 2M (bps). The NRF24L01 has four operating modes: transceiver mode, configuration
mode, idle mode, and shutdown mode.

Insert the nRF24L.01+ module into the corresponding interface on the PS2X&Motor Driver Board driver
board (as shown in Figure 16-2). For the stable reception of Nrf24L01 data, it is recommended to connect
10uf capacitor between VCC and GUD as shown in Figure 16-3. (Example program file path: load file ->
ArduinoDemo -> ArduinoDemo->nRF24101+ ->Receive->Receive.ino or load file - > ArduinoDemo ->

ArduinoDemo->nRF24101+ ->Emitter->Emitter.ino), which can send and receive data tests to each other

through two devices.

Figure 16-1: Nrf24101+ physical map
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Figure 16-2 Connection diagram of Nrf24101+
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Figure 16-3 Schematic diagram of the Nrf24101+ connection
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Appendix

In addition to the ultrasonic module socket and the servo jack, the PS2X&Motor Driver Board also
reserves 10 sets of expansion pin interfaces, of which 6 are general digital 1/0 interfaces and 4 are 12C
control interfaces. These expansion interfaces can be used for external connection of various sensor
modules, such as infrared obstacle avoidance modules, infrared tracking modules and other common sensor
modules that can make your products more powerful and functional.
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