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Lab 4:  Transmitting and Receiving Data 
 

You have already sent data back and forth between your Arduino system and your computer, both 

to transfer programs to the Arduino and to read back program values through the serial monitor 

built into the IDE. In this lab, you will explore in greater depth the representations of such data and 

a few of the protocols used in transferring data between systems. We will just scratch the surface, 

though, in learning about communication protocols - more advanced interfacing tasks, including 

networking an Arduino to an Ethernet connection or to a Wi-Fi networks, require more 

sophisticated communication protocols. You can learn about such applications through the 

documentation at www.arduino.cc, particularly http://arduino.cc/playground/Main/Interfacing. 

 

Part 1: Universal Synchronous and Asynchronous Serial Receiver and Transmitter 

(USART) communication 
 

There are a number of different ways to implement serial communication in electronic systems.  

One is the Universal Synchronous and Asynchronous serial Receiver and Transmitter protocol, or 

USART.  While USART communication can be implemented via a single wire (with hardware on 

each end having to be reconfigured to switch from transmitting to receiving each time a message is 

passed), the Arduino platform implements this protocol using two wires, one for transmitting bits 

from the Arduino (TX), the other for receiving bits into the Arduino (RX). These two wires are 

connected to two of the pins in the USB cable through which you upload sketches to your Arduino.  

They are also connected to digital pins 0 and 1 (labeled TX and RX, respectively) any time the 

Serial.begin()function has been called. This disables those pins from use for 

digitalRead()and digitalWrite()operations until serial communication has been 

terminated by the Serial.end() function, but it makes the digital signals being used for serial 

communication accessible for examination or connection to other devices, as we’ll see below. 

 

Serial communication via USART typically occurs asynchronously, meaning that the two devices 

passing messages do not share a clock signal. Before communications begin, the two devices must 

exchange information on the rate (in bits/second) at which bits will be exchanged, called the baud 

rate. This rate is set in an Arduino sketch with the Serial.begin(baud) command; the 

corresponding rate is set in the serial monitor using a drop-down menu. When communicating in 

this mode, each byte (=8 bits) may be “framed” with start and stop bits to indicate when to start 

decoding each byte of the signal; both devices must know beforehand whether or not start and stop 

bits will be used, in order to decode the bit string correctly. Finally, an additional bit (called a 

parity bit) may be used for error correction. The parity bit adds a 0 or a 1 bit at the end of each 

group of bits in order to make the group have a particular parity (an odd number of ones or an even 

number of ones, also agreed upon in the initial exchange of protocols). In this way, the receiving 

system can detect if a single bit-flip error has occurred in transmission, since that would alter the 

parity of the bundle from the expected parity. If this occurs, the receiver will request that the byte 

be re-sent. The Arduino serial library documentation indicates that packets contain 8 data bits, no 

parity bit, and one stop bit. 

 

So far, you have used the serial monitor built into the Aduino development environment to print 

values for variables to the serial monitor and to enter values into other variables in your Arduino 
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sketches. It can also be used to print text to the serial monitor, using either a string specified 

between quotation marks or a numerical code corresponding to each character according to the 

ASCII code (see http://www.asciitable.com/). These tasks are accomplished by the following 

function calls, respectively:  

Serial.print (or Serial.println)(“Print this string. “); and 

Serial.write(65); (which will print the capital letter A).   

 

You are already familiar with Serial.print(var), which prints the value of the variable 

passed to the function, rather than the character corresponding to that value in the ASCII code.  If, 

however, you declare the variable var as type char, the function call Serial.print(var) will 

print the ASCII character corresponding to the value of var, rather than the decimal value of var , 

thereby acting like Serial.write(var).  Show that these results are indeed what happens for 

each of the circumstances described above, documenting both the sketch you write to test this and 

the output your sketch produces on the serial monitor.   

 

Next you will use the fact that, once Serial.begin() has been called, digital pin 1 (labeled TX 

for transmitter) “echoes” the signal being sent from the Arduino to the serial monitor through the 

USB cable. Connect the signal from digital pin 1 (TX) to Channel 1 of your oscilloscope. If you 

have a reasonable delay programmed into your loop() function, you should see that the signal is 

normally HIGH, meaning when no bits are being sent, the TX line is held HIGH. This means the 

bit sent by the Arduino to initiate a transmission must be a falling edge, so set your scope to trigger 

on Source = CH1, Type = Edge, Slope = Falling. There are so many falling edges, though, that you 

will probably find it difficult to  obtain a steady scope trace unless you simplify your output, so 

revise your sketch or write a new, stripped-down sketch to write a single character to the serial line, 

followed by a delay before the loop repeats.  

 

Show the effect of adjusting the duration of the delay on the signal by recording scope traces with 

different delay values. Then zoom in on the signal by decreasing the timebase until you can resolve 

and measure individual pulses in a single cluster representing the byte being transmitted (we’ll call 

each such cluster a pulse packet). Each pulse packet represents a single character being sent to the 

serial monitor, so change your sketch to send different characters (not all in the same sketch – one 

character at a time, for reliable triggering!), noting the different pattern each character makes for 

its pulse packet. Measure the duration of a pulse corresponding to a single bit. Experiment with 

different characters to make sure you are measuring a single pulse’s duration (i.e. a 0-bit, followed 

by a 1-bit, not two 0-bits followed by two 1-bits). Determine how many bits are being sent in each 

pulse packet. Again, experiment with different characters to make sure you measure the maximum 

length of a pulse packet, since a packet ending with 1-bits will appear shorter than a packet ending 

with 0-bits. (Note that despite the fact that the ASCII table only has codes up to 127, you can and 

should send data with codes as large as 255 to see that additional data bit.) Also determine in what 

order the bits in the byte are transmitted – are they transmitted MSB first or LSB first? 

Additionally, compare your measured value for pulse duration with the baud rate you set using 

Serial.begin() –  how should they be related, and to what extent is that expectation fulfilled 

by your measured values? Look at the documentation for the Serial.begin() function under 

the Reference tab on the arduino.cc website to find other acceptable baud rates for the USART 

serial communication system. Change the baud rate, look at a pulse packet, and compare the pulse 

http://www.asciitable.com/
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width to your expectation from the new baud rate. (The Arduino may not operate reliably at very 

high baud rates, however.) 

 

In place of the oscilloscope, attach the appropriate leads from a two-line, 16 character per line 

backlit liquid crystal display (LCD). Experiment with Serial.print(), Serial.println(), 

and Serial.write() to learn how to send text and numerical values to the LCD display. 

Display a nicely formatted, two line message on your display. Summarize your findings. 

 

Part 2: Serial Peripheral Interface (SPI) communication using the In-System Programming 

(ISP) protocol 

 

Another type of serial communication protocol uses the Serial Peripheral Interface (SPI). This type 

of interface is programmed using the ISP protocol, which stands for In-System Programming.  

There are functions already coded in the Arduino IDE to implement this type of serial 

communication. In this protocol, the devices communicating with each other share a common 

clock source, which is a digital signal used to tell the so-called “slave” device when to send or 

when to prepare to receive the next bit in the transmission. This requires two wires (clock and data) 

for each data transfer function (transmitting data, receiving data). Some systems can reconfigure 

the same data line to switch between transmitting and receiving data, though, in order to reduce the 

number of connections needed between devices. To explore this type of communication, we will 

simulate the functionality that must be present in a slave device to receive (Part 2a) or transmit 

(Part 2b) data from/to an Arduino “master” by using ICs that connect to signal pins on your 

breadboard. In sensors and actuators that use SPI communication, these ICs would be integrated 

into each device, managing data communication with the Arduino. 

 

Part 2a: Sending data to an SPI slave 

The Arduino IDE implements ISP transmission to a slave device using the function 

shiftOut(dataPin,clockPin,bitOrder,var). 

To break this down, the value specified in the byte var will be transmitted serially, bit by bit, as a 

digital signal on the pin specified by dataPin, with either its least significant or its most 

significant bit first, depending on the parameter bitOrder (MSBFIRST or LSBFIRST). The 

command shiftOut() also generates a square-wave clock signal on the pin designated by 

clockPin. Since both the clock line and the data line supply information from the Arduino sketch 

to the slave device connected to them, both clockPin and dataPin must be set as OUTPUT in the 

setup()function, using the pinMode() command.  

 

As an example of using the shiftOut() function, wire up the 74595 shift register from your 

Arduino kit using the pinout diagram below. Connect each output (Q0 through Q7) through a 

diode protection resistor and LED to ground, arranging the LEDs in a row, with Q0 connected to 

the right-most LED (representing the least significant bit) and the others in order to the left of it. 

Provide power and ground to the appropriate pins, wire pin 13 (output enable) LOW, pin 10 (master 

reset) HIGH, and leave pin 9 (Q7') unconnected. The remaining three pins (data, latch, and clock) 

will be used by the Arduino sketch to transfer data from the Arduino to the shift register IC. 

Connect each of them to a digital pin set up as an OUTPUT.  Remember, Arduino digital pins 0 and 

1 should be avoided, in case you want to add serial monitor communication to your sketch. 
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To transfer a byte stored in var to the output of the shift register, first set the latch LOW. Then call 

the shiftOut() function to shift the data value, MSB first, to the register. Then set the latch 

HIGH, which transfers the data from the 74595’s internal register to its outputs (Q0-Q7). Leave the 

latch HIGH until the next time you want to transfer data. Use this process to write an Arduino 

sketch that sends each number from 0 to 255 in order to the shift register, waiting briefly between 

transmissions so that you can observe the resulting pattern shown on the LEDs. 

 

Connect the clock and data lines to channels 1 and 2 of your oscilloscope, respectively. Simplify 

your sketch to repeatedly send a single number to the shift register, so that you can trigger on the 

repeating pattern. Compare the clock and data signals to examine the rate at which the data are 

transferred.  

 

Now reprogram your sketch to light one LED at a time, inputting which LED to light using the 

serial monitor and Serial.read() function.  A switch structure will help significantly, and it 

will make the next step easier if you embed the switch structure and the algorithm to shift data to 

the LEDs into a separate function you can call from loop(). Document your new sketch and 

describe its results. 

 

Next write algorithms to make your LEDs light up in various patterns: 

1) Right to left (i.e. make the LEDs “chase” each other) 

2) Left to right  

3) Right to left, then back the other way, each time through loop() 

4) From the ends to the middle, alternating sides (i.e. LSB, then MSB, etc.) 

5) From the middle to the ends, alternating sides 

Observe the results and document the algorithms used in your sketches to make each pattern 

happen.  If you come up with another interesting pattern, describe it and document the relevant 

code from your sketch, as well. 

 

Part 2b: Receiving data from an SPI slave 

The Arduino IDE implements ISP reception from a slave device using the function 

shiftIn(dataPin,clockPin,bitOrder).   

 

A 74165 parallel to serial shift register operates like the 74595 in reverse. It takes 8 bits of data on 
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its input pins and sends them out serially from its data line, using a clock signal to synchronize its 

communication with the master device. Look at a datasheet for the 74HC165 to determine how to 

wire it – it has pins analogous to those on the 74595 for latch (pin 1), clock (pin 2), and serial data 

(pin 9), as well as power, ground, and other controls like reset, enable, etc. Use an 8 pin dual in-line 

package switch (8 pin DIP switch) to create physical data values to be transferred to the Arduino. 

Wire one side of each switch to +5V. Connect the other side of each switch to ground through a 

10k resistor. Wire the junction between each 10k resistor and switch to one of the shift register’s 

parallel inputs (P0 – P7). In this way, the pattern you set on the switches will provide one byte of 

information (a pattern of 0s and 1s) for transfer to your Arduino. To load these data values into the 

shift register, bring the latch pin LOW, wait 10 microseconds, then bring the latch pin back to HIGH. 

After that, use shiftIn() to read the data into the Arduino. First, declare a variable of type byte 

and use shiftIn to assign that variable to equal the value made up by the 8 bits transferred 

sequentially to the dataPin (set up as an INPUT pin this time). The signal on the clockPin 

(controlled by the Arduino, so still an OUTPUT) triggers a digitalRead of the dataPin signal 

for each clock pulse, and the bitOrder value indicates in what order to assemble the bits, 

depending on whether the bits are being transferred MSBFIRST or LSBFIRST, as was the case for 

shiftOut(). To demonstrate a successful transfer of data, print the value of var to the serial 

monitor. And, as usual, document your work by recording your observations, schematics, and 

sketches. 

 


