
Embedded Systems
Making the Sketch Do Your Bidding



Structuring an Arduino Program:

• Programs for Arduino are usually referred to as sketches. The terms sketch and 

program are interchangeable. 

• Sketches contain code—the instructions the board will carry out. 

• Code that needs to run only once (such as to set up the board for your application) 
must be placed in the setup function. 

• Code to be run continuously after the initial setup has finished goes into the loop 
function. 



Terminology:



Structuring an Arduino Program:

• Here is a typical sketch:



Using Simple Primitive Types (Variables):



Using Floating-Point Numbers:

• Problem:
➢ Floating-point numbers are used for values expressed with decimal points 

(this is the way to represent fractional values). You want to calculate and 
compare these values in your sketch.

• Solution:
➢ The following code shows how to declare floating-point variables, illustrates 

problems you can encounter when comparing floating-point values, and 
demonstrates how to overcome them:



Using Floating-Point Numbers:



Using Floating-Point Numbers:



Working with Groups of Values:

• Problem:
➢ You want to create and use a group of values (called arrays). The arrays may 

be a simple list or they could have two or more dimensions. You want to know 
how to determine the size of the array and how to access the elements in the 
array.

• Solution:
➢ This sketch creates two arrays: an array of integers for pins connected to 

switches and an array of pins connected to LEDs, as shown in Figure 2-1:



Working with Groups of Values:



Working with Groups of Values:

Image result

https://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=0ahUKEwjqkKmjtcvPAhWInRoKHdv7DgQQjRwIBw&url=https://en.wikipedia.org/wiki/Pull-up_resistor&psig=AFQjCNHaDiJPUtIuTN5GRyY5KEDNxy2WaQ&ust=1476023261735389


Working with Groups of Values:



Using Arduino String Functionality:

• Problem:
➢ You want to manipulate text. You need to copy it, add bits together, and 

determine the number of characters.

• Solution:
➢ The previous recipe mentioned how arrays of characters can be used to store 

text: these character arrays are usually called strings. Arduino has a capability 

called String that adds rich functionality for storing and manipulating text.



Using Arduino String Functionality:



Using Arduino String Functionality:

This string has more text and more



Using Arduino String Functionality:



Using C Character Strings:

• Problem:
➢ You want to understand how to use raw character strings: you want to know 

how to create a string, find its length, and compare, copy, or append strings. 
The core C language does not support the Arduino-style String capability, so 
you want to understand code from other platforms written to operate with 
primitive character arrays.

• Solution:
➢ Arrays of characters are sometimes called character strings (or simply strings 

for short). 



Using C Character Strings:



Using C Character Strings:



Splitting Comma-Separated Text into Groups:

• Problem:
➢ You have a string that contains two or more pieces of data separated by 

commas (or any other separator). You want to split the string so that you can 
use each individual part.

• Solution:
➢ This sketch prints the text found between each comma:



Splitting Comma-Separated Text into Groups:



Splitting Comma-Separated Text into Groups:



Splitting Comma-Separated Text into Groups:



Converting a Number to a String:

• Problem:
➢ You need to convert a number to a string, perhaps to show the number on an 

LCD or other display.

• Solution:
➢ The String variable will convert numbers to strings of characters 

automatically. You can use literal values, or the contents of a variable. For 
example, the following code will work:



Converting a Number to a String:

"1234“;



Converting a Number to a String:



Converting a String to a Number:

• Problem:
➢ You need to convert a string to a number. Perhaps you have received a value 

as a string over a communication link and you need to use this as an integer or 
floating-point value.

• Solution:
➢ There are a number of ways to solve this. If the string is received as serial 

data, it can be converted on the fly as each character is received.

➢ Another approach to converting text strings representing numbers is to use 
the C language conversion function called atoi (for int variables) or atol (for 
long variables). This code fragment terminates the incoming digits on any 
character that is not a digit (or if the buffer is full). For this to work, though, 
you’ll need to enable the newline option in the Serial Monitor or type some 
other terminating character:



Converting a String to a Number:



Converting a String to a Number:



Converting a String to a Number:



Structuring Your Code into Functional Blocks:

• Problem:
➢ You want to know how to add functions to a sketch, and the correct amount 

of functionality to go into your functions. You also want to understand how to 
plan the overall structure of the sketch.

• Solution:
➢ Functions are used to organize the actions performed by your sketch into 

functional blocks. Functions package functionality into well-defined inputs 
(information given to a function) and outputs (information provided by a 
function) that make it easier to structure, maintain, and reuse your code. You 
are already familiar with the two functions that are in every Arduino sketch: 

setup and loop. You create a function by declaring its return type (the 

information it provides), its name, and any optional parameters (values) that 
the function will receive when it is called.



Structuring Your Code into Functional Blocks:



Structuring Your Code into Functional Blocks:



Structuring Your Code into Functional Blocks:

• Here is an example sketch that takes a parameter and returns a value. The 
parameter determines the length of the LED on and off times (in milliseconds). 

• The function continues to flash the LED until a button is pressed, and the number 
of times the LED flashed is returned from the function:



Structuring Your Code into Functional Blocks:



Structuring Your Code into Functional Blocks:



Structuring Your Code into Functional Blocks:



Structuring Your Code into Functional Blocks:



Structuring Your Code into Functional Blocks:



Structuring Your Code into Functional Blocks:



Returning More Than One Value from a Function:

• Problem:
➢ You want to return two or more values from a function. Recipe 2.10 provided 

examples for the most common form of a function, one that returns just one 
value or none at all. But sometimes you need to modify or return more than 
one value.

• Solution:
➢ There are various ways to solve this. The easiest to understand is to have the 

function change some global variables and not actually return anything from 
the function:



Returning More Than One Value from a Function:



Returning More Than One Value from a Function:



Returning More Than One Value from a Function:



Returning More Than One Value from a Function:



Taking Actions Based on Conditions:

• Problem:
➢ You want to execute a block of code only if a particular condition is true. For 

example, you may want to light an LED if a switch is pressed or if an analog 
value is greater than some threshold.

• Solution:
➢ The following code uses the wiring shown in Recipe 5.1:



Taking Actions Based on Conditions:



Taking Actions Based on Conditions:



Repeating a Sequence of Statements:

• Problem:
• You want to repeat a block of statements while an expression is true.

• Solution:
• A while loop repeats one or more instructions while an expression is true:



Repeating a Sequence of Statements:



Repeating a Sequence of Statements:



Repeating a Sequence of Statements:



Repeating a Sequence of Statements:



Repeating Statements with a Counter:

• Problem:
➢ You want to repeat one or more statements a certain number of times. The 

for loop is similar to the while loop, but you have more control over the 
starting and ending conditions.

• Solution:
➢ This sketch counts from zero to three by printing the value of the variable i in 

a for loop:



Repeating Statements with a Counter:



Repeating Statements with a Counter:



Repeating Statements with a Counter:



Repeating Statements with a Counter:



Repeating Statements with a Counter:



Repeating Statements with a Counter:



Breaking Out of Loops:

• Problem:
➢ You want to terminate a loop early based on some condition you are testing.

• Solution:
➢ Use the following code:



Breaking Out of Loops:



Taking a Variety of Actions Based on a Single Variable:

• Problem:
➢ You need to do different things depending on some value. You could use 

multiple if and else if statements, but the code soon gets complex and difficult 
to understand or modify. Additionally, you may want to test for a range of 
values.

• Solution:
➢ The switch statement provides for selection of a number of alternatives. It is 

functionally similar to multiple if/else if statements but is more concise:



Taking a Variety of Actions Based on a Single Variable:



Taking a Variety of Actions Based on a Single Variable:



Taking a Variety of Actions Based on a Single Variable:



Taking a Variety of Actions Based on a Single Variable:



Comparing Character and Numeric Values:

• Problem:
➢ You want to determine the relationship between values.

• Solution:
➢ Compare integer values using the relational operators shown in Table 2-3.



Comparing Character and Numeric Values:



Comparing Character and Numeric Values:



Comparing Character and Numeric Values:



Comparing Character and Numeric Values:



Comparing Character and Numeric Values:



Comparing Strings:

• Problem:
➢ You want to see if two character strings are identical.

• Solution:
➢ There is a function to compare strings, called strcmp (short for string 

compare). Here is a fragment showing its use:



Comparing Strings:



Comparing Strings:



Performing Logical Comparisons:

• Problem:
➢ You want to evaluate the logical relationship between two or more 

expressions. For example, you want to take a different action depending on 
the conditions of an if statement.

• Solution:
➢ Use the logical operators as outlined in Table 2-4.



Performing Logical Comparisons:



Performing Logical Comparisons:



Performing Bitwise Operations:

• Problem:
➢ You want to set or clear certain bits in a value.

• Solution:
➢ Use the bit operators as outlined in Table 2-5.



Performing Bitwise Operations:



Performing Bitwise Operations:



Performing Bitwise Operations:

Determine what will be displayed on the serial 
monitor!!??

2:001:591:581:571:561:551:541:531:521:511:501:491:481:471:461:451:441:431:421:411:401:391:381:371:361:351:341:331:321:311:301:291:281:271:261:251:241:231:221:211:201:191:181:171:161:151:141:131:121:111:101:091:081:071:061:051:041:031:021:011:000:590:580:570:560:550:540:530:520:510:500:490:480:470:460:450:440:430:420:410:400:390:380:370:360:350:340:330:320:310:300:290:280:270:260:250:240:230:220:210:200:190:180:170:160:150:140:130:120:110:100:090:080:070:060:050:040:030:020:01End2:00



Performing Bitwise Operations:



Performing Bitwise Operations:



Combining Operations and Assignment:

• Problem:
➢ You want to understand and use compound operators. It is not uncommon to 

see published code that uses expressions that do more than one thing in a 
single statement. You want to understand a += b, a >>= b, and a &= b.

• Solution:
➢ Table 2-9 shows the compound assignment operators and their equivalent full 

expression.



Combining Operations and Assignment:



Combining Operations and Assignment:
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