
Embedded Systems

Serial Communications



Introduction:

• Serial communications provide an easy and flexible way for your Arduino board to interact 

with your computer and other devices. 

• This chapter explains how to send and receive information using this capability.

• Serial communications are also a handy tool for debugging. You can send debug messages 

from Arduino to the computer and display them on your computer screen or an external LCD 

display.



Introduction:



Serial Hardware:

• Serial hardware sends and receives data as electrical pulses that represent sequential bits. 

• The zeros and ones carrying the information, which makes up a byte, can be represented in 

various ways.

• The scheme used by Arduino is 0 volts to represent a bit value of 0, and 5 volts (or 3.3 volts) 

to represent a bit value of 1.



Serial Hardware:

• Some popular USB adapters include:

✓ Mini USB Adapter 

                                                USB Serial Light Adapter

✓ FTDI USB TTL Adapter   

                                        Modern Device USB BUB board 

✓ Seeed studio UartSBee
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Serial Hardware:

• Some serial devices use the RS-232 standard for serial connection. These usually have a nine-

pin connector, and an adapter is required to use them with the Arduino. RS-232 is an old and 

venerated communications protocol that uses voltage levels not compatible with Arduino 

digital pins.

Image result for mini usb adapter
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Serial Hardware:

• The Arduino Mega has four hardware serial ports that can communicate with up to four 

different serial devices. Only one of these has a USB adapter built in (you could wire a USB-

TTL adapter to any of the other serial ports). Table 4-1 shows the port names and pins used 

for all Mega serial ports.
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Software Serial:

• You will usually use the built-in Arduino Serial library to communicate with the hardware 

serial ports. Serial libraries simplify the use of the serial ports without having to worry about 

hardware complexities.

• Sometimes you need more serial ports than those available. If this is the case, you can use an 

additional library that uses software to emulate serial hardware. Recipes 4.13 and 4.14 show 

how to use a software serial library to communicate with multiple devices.



Serial Message Protocol:

• Meaningful serial communication, or any kind of machine-to-machine communication, can 

only be achieved if the sending and receiving sides fully agree how information is organized 

in the message. 

• The formal organization of information in a message and the range of appropriate responses 

to requests is called a communications protocol.

• Messages can contain one or more special characters that identify the start of the message 

(called the header). 



Serial Message Protocol:

• One or more characters can also be used to identify the end of a message (called the footer). 

• Sending and receiving messages in text format involves sending commands and numeric 

values as human-readable letters and words. 

• Numbers are sent as the string of digits that represent the value. For example, if the value is 

1234, the characters 1, 2, 3, and 4 are sent as individual characters.



New in Arduino 1.0:

• Serial.flush now waits for all outgoing data to be sent rather than discarding received data. 

You can use the following statement to discard all data in the receive buffer: 

while(Serial.read() >= 0) ; // flush the receive buffer

• Serial.write and Serial.print do not block. Earlier code would wait until all characters were 

sent before returning. From 1.0, characters sent using Serial.write are transmitted in the 

background (from an interrupt handler) allowing your sketch code to immediately resume 

processing. This is usually a good thing (it can make the sketch more responsive) but 

sometimes you want to wait until all characters are sent. You can achieve this by calling 

Serial.flush() immediately following Serial.write().



New in Arduino 1.0:

• Serial print functions return the number of characters printed. This is useful when text output 

needs to be aligned or for applications that send data which includes the total number of 

characters sent.

• There is a built-in parsing capability for streams such as Serial to easily extract numbers and 

find text. 

• A Serial.peek function has been added to let you ‘peek’ at the next character in the receive 

buffer. Unlike Serial.read, the character is not removed from the buffer with Serial.peek.



Sending Debug Information from Arduino to Your Computer:

• Problem:

➢ You want to send text and data to be displayed on your PC or Mac using the Arduino 

IDE or the serial terminal program of your choice.

• Solution:

➢ This sketch prints sequential numbers on the Serial Monitor:



Sending Debug Information from Arduino to Your Computer:



Sending Debug Information from Arduino to Your Computer:



Sending Debug Information from Arduino to Your Computer:

• This example and most of the others in this book use a speed of 9,600 baud (baud is a 

measure of the number of bits transmitted per second). 

• The 9,600 baud rate is approximately 1,000 characters per second.

• You can send at lower or higher rates (the range is 300 to 115,200), but make sure both sides 

use the same speed. 

• The Serial Monitor sets the speed using the baud rate drop down (at the bottom right of the 

Serial Monitor window in Figure 4-2). If your output looks something like this:

you should check that the selected baud rate on the serial monitor on your computer matches the 

rate set by Serial.begin() in your sketch.



Sending Debug Information from Arduino to Your Computer:



Sending Formatted Text and Numeric Data from Arduino:

• Problem:

➢ You want to send serial data from Arduino displayed as text, decimal values, 

hexadecimal, or binary.

• Solution:

➢ You can print data to the serial port in many different formats; here is a sketch that 

demonstrates all the format options:



Sending Formatted Text and Numeric Data from Arduino:



Sending Formatted Text and Numeric Data from Arduino:



Sending Formatted Text and Numeric Data from Arduino:

• The output (condensed here onto a few lines) is as follows:





Sending Formatted Text and Numeric Data from Arduino:



Receiving Serial Data in Arduino:

• Problem:

➢ You want to receive data on Arduino from a computer or another serial device; for 

example, to have Arduino react to commands or data sent from your computer.

• Solution:

➢ It’s easy to receive 8-bit values (chars and bytes), because the Serial functions use 8-bit 

values. This sketch receives a digit (single characters 0 through 9) and blinks the LED on 

pin 13 at a rate proportional to the received digit value:



Receiving Serial Data in Arduino:



Receiving Serial Data in Arduino:



Receiving Serial Data in Arduino:



Sending Multiple Text Fields from Arduino in a Single Message:

• Problem:

➢ You want to send a message that contains more than one piece of information (field). For 

example, your message may contain values from two or more sensors. You want to use 

these values in a program such as Processing, running on your PC or Mac.

• Solution:

➢ The easiest way to do this is to send a text string with all the fields separated by a 

delimiting (separating) character, such as a comma:



Sending Multiple Text Fields from Arduino in a Single Message:



Receiving Multiple Text Fields from Arduino in a Single Message:

• Problem:

➢ You want to receive a message that contains more than one field. For example, your 

message may contain an identifier to indicate a particular device (such as a motor or 

other actuator) and what value (such as speed) to set it to.

• Solution:

➢ Arduino does not have the split() function used in the Processing code in Recipe 4.4, but 

similar functionality can be implemented as shown in this recipe. The following code 

receives a message with three numeric fields separated by commas. It uses the technique 

described in Recipe 4.4 for receiving digits, and it adds code to identify comma-

separated fields and store the values into an array:



Receiving Multiple Text Fields from Arduino in a Single Message:



Receiving Multiple Text Fields from Arduino in a Single Message:



Receiving Multiple Text Fields from Arduino in a Single Message:



Sending Binary Data from Arduino:

• Problem:

➢ You need to send data in binary format, because you want to pass information with the 

fewest number of bytes or because the application you are connecting to only handles 

binary data.

• Solution:

➢ This sketch sends a header followed by two integer (16-bit) values as binary data. The 

values are generated using the Arduino random function:



Sending Binary Data from Arduino:



Sending Binary Data from Arduino:



Sending the Value of Multiple Arduino Pins:

• Problem:

➢ You want to send groups of binary bytes, integers, or long values from Arduino. For 

example, you may want to send the values of the digital and analog pins to Processing.

• Solution:

➢ This recipe sends a header followed by an integer containing the bit values of digital pins 

2 to 13. This is followed by six integers containing the values of analog pins 0 through 5. 

Chapter 5 has many recipes that set values on the analog and digital pins that you can use 

to test this sketch:



Sending the Value of Multiple Arduino Pins:



Sending the Value of Multiple Arduino Pins:



Sending the Value of Multiple Arduino Pins:



Sending the Value of Multiple Arduino Pins:



Sending the Value of Multiple Arduino Pins:



How to Move the Mouse Cursor on a PC or Mac:

• Problem:

➢ You want Arduino to interact with an application on your computer by moving the 

mouse cursor. Perhaps you want to move the mouse position in response to Arduino 

information. For example, suppose you have connected a Wii nunchuck to your Arduino 

and you want your hand movements to control the position of the mouse cursor in a 

program running on a PC.

• Solution:

➢ You can send serial commands that specify the mouse cursor position to a program 

running on the target computer. Here is a sketch that moves the mouse cursor based on 

the position of two potentiometers:

Image result for Wii nunchuck
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How to Move the Mouse Cursor on a PC or Mac:



How to Move the Mouse Cursor on a PC or Mac:



How to Move the Mouse Cursor on a PC or Mac:



Sending Data to Two Serial Devices at the Same Time:

• Problem:

➢ You want to send data to a serial device such as a serial LCD, but you are already using 

the built-in serial port to communicate with your computer.

• Solution:

➢ On a Mega this is not a problem, as it has four hardware serial ports; just create two 

serial objects and use one for the LCD and one for the computer:



Sending Data to Two Serial Devices at the Same Time:

• On a standard Arduino board (such as the Uno or Duemilanove) that only has one hardware serial 

port, you will need to create an emulated or “soft” serial port.

• You can use the distributed SoftwareSerial library for sending data to multiple devices.

• you can download NewSoftSerial from http://arduiniana.org/libraries/newsoftserial 

http://arduiniana.org/libraries/newsoftserial


Sending Data to Two Serial Devices at the Same Time:



Sending Data to Two Serial Devices at the Same Time:



Sending Data to Two Serial Devices at the Same Time:



Sending Data to Two Serial Devices at the Same Time:



Sending Data to Two Serial Devices at the Same Time:



Sending Data to Two Serial Devices at the Same Time:



Sending Data to Two Serial Devices at the Same Time:



Receiving Serial Data from Two Devices at the Same Time:

• Problem

➢ You want to receive data from a serial device such as a serial GPS, but you are already 

using the built-in serial port to communicate with your computer.

• Solution

➢ This problem is similar to the one in Recipe 4.13, and indeed the solution is much the 

same. If your Arduino’s serial port is connected to the console and you want to attach a 

second serial device, you must create an emulated port using a software serial library.In 

this case, we will be receiving data from the emulated port instead of writing to it, but the 

basic solution is very similar.



Receiving Serial Data from Two Devices at the Same Time:



Receiving Serial Data from Two Devices at the Same Time:



Receiving Serial Data from Two Devices at the Same Time:



Receiving Serial Data from Two Devices at the Same Time:



Universal Asynchronous Receiver/Transmitter (UART)

• A UART (Universal Asynchronous Receiver/Transmitter) is the microchip with programming 

that controls a computer's interface to its attached serial devices. Specifically, it provides the 

computer with the RS-232C Data Terminal Equipment ( DTE ) interface so that it can "talk" 

to and exchange data with modems and other serial devices. 

• Serial communication on pins TX/RX uses TTL logic levels (5V or 3.3V depending on the 

board). Don't connect these pins directly to an RS232 serial port; they operate at +/- 12V and 

can damage your Arduino board. 

Image result for UART
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Serial peripheral interface (SPI)

• The Serial Peripheral Interface (SPI) bus is a synchronous serial communication interface 

specification used for short distance communication, primarily in embedded systems. The 

interface was developed by Motorola in the late eighties and has become a de facto standard. 

Typical applications include Secure Digital cards and liquid crystal displays.

• SPI devices communicate in full duplex mode using a master-slave architecture with a single 

master. The master device originates the frame for reading and writing. Multiple slave devices 

are supported through selection with individual slave select (SS) lines.

https://upload.wikimedia.org/wikipedia/commons/thumb/e/ed/SPI_single_slave.svg/350px-SPI_single_slave.svg.png
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Serial peripheral interface (SPI)

https://upload.wikimedia.org/wikipedia/commons/thumb/f/fc/SPI_three_slaves.svg/350px-SPI_three_slaves.svg.png
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Serial peripheral interface (SPI)



I2C

• I²C (Inter-Integrated Circuit), pronounced I-squared-C, is a multi-master, multi-slave, single-

ended, serial computer bus invented by Philips Semiconductor (now NXP Semiconductors). It 

is typically used for attaching lower-speed peripheral ICs to processors and microcontrollers 

in short-distance, intra-board communication. Alternatively I²C is spelled I2C (pronounced I-

two-C) or IIC (pronounced I-I-C).

• I²C uses only two bidirectional open-drain lines, Serial Data Line (SDA) and Serial Clock 

Line (SCL), pulled up with resistors. Typical voltages used are +5 V or +3.3 V although 

systems with other voltages are permitted.

https://upload.wikimedia.org/wikipedia/commons/thumb/3/3e/I2C.svg/350px-I2C.svg.png
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I2C Arduino
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