
BIOE	198MI	Biomedical	Data	Analysis.		Spring	Semester	2018.	
Lab8:	IntroducCon	to	data	types	and	conversion	

All modern programming languages include a facility for creating and using different data types. 
There are fundamental data types and mechanisms for forming aggregates of the data. This lab is 
an overview of the fundamental data types in MATLAB.

In the earliest days of computers, the only programming language available was machine language, 
which was made of streams of 0’s and 1’s. Why? Because the they can be used to present the two 
states(on and off) of internal circuits of a computer (such as switches, transistors, etc.). The off state 
is represented by 0 while the on state is represented by 1. A logic value, 0 or 1, is often referred to 
as a binary digit or bit. The bit is the basic unit used in computing. The only language understood 
by computer hardware is machine language. We must come with a way to ‘communicate’ with the 
machine. There’re four major categories of variable types: Integers, floating point number, 
characters and boolean.

List on the left hand side are common MATLAB data types, try to link them to the categories on the 
right hand side. (Hint, what listed on the LHS are not only data types, but also MATLAB functions)
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int32


double


int8


uint32


uint16


single


logical


uint8


int16


char


uint64

Integer 

Floating point 

Character/String 

Boolean



Integers (whole number)

A group of 8 binary digits usually equals one byte (B).

Each byte can hold 256 different values using binary conversion. To convert from a binary 
number(base 2) to decimal (base 10), we can do iterative multiplication and add the result together. 
For example, (11111111)2 = 1x27 +1x26 +1x25 +1x24 +1x23 +1x22 +1x21 +1x20 = (255)10

Important: The conversion method described here is only applicable to unsigned (‘positive’) 
numbers. Leading zeros have no significance.(i.e. (0000 0111)2 is as same (111)2)

Exercise: what are (1011 0110)2, (0110 1011)2 in decimal (base 10)? 

In MATLAB, the function uint8 convert a variable to unsigned 8-bit integer. “u” stands for unsigned 
integer while “8” stands for the number of bits for storage. Thus, each uint8 data points take 1 byte 
of storage. 

The function rounds each element to the nearest integer. Compile the following MATLAB code,

Since there’s only 8-bit for storage, the stored value ranges from 0 to 28-1 (255). So the function 
uint8 maps any values in array that are outside the limit to the nearest endpoint. We can use 
uint16, uint32 and uint64 to expand the limit of end point with the tradeoff of the memory 
efficiency. How can we modify this line of code ‘ d = uint8(256)’ to make it right? And how 
many bytes of storage does d take?

�2

 =1 bit 1 bit 1 bit 1 bit 1 bit 1 bit1 bit 1 bit 1 byte

26 25 24 23 22 2127 20

most significant —> least significant

clear all; clc
a = uint8(3)
b = uint8(3.5)
c = uint8(255)
d = uint8(256)



Notice that uint only stores non-negative number. So what data types should we use to store 
negative numbers?

MATLAB uses int8, int16, int32 and int64 to store signed integers. The left-most bit of the 
data now becomes a sign bit. 1 denotes negative number and 0 denotes positive number. 

For int8, it still takes 1 byte to store a number, just like int8 does. However, the stored value now 
ranges from -27 to 27-1. Why?

Because we’re now using the left-most bit to indicate the sign of the integer, so the absolute value of 
the integer can never go beyond 27

Can you figure out the what is the dynamic range for data type int64? And how many bytes of 
storage does it take?

Floating point numbers (Number with fractional part)

MATLAB represents floating-point numbers in either double-precision or single-precision format. 

The default data type for MATLAB is double precision floating point (DPFP), it requires 64-bit to 
store one data point. Another memory efficient data type to store a floating point is single 
precision, it requires only requires 32-bit of memory.

If a number lies approximately between -3.4 x 1038 to -3.4 x 1038, we can use either single or 
double to store it. If the number is beyond those limits, we should use double.
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 =1 bit 1 bit 1 bit 1 bit 1 bit 1 bitsign 1 bit 1 byte

26 25 24 23 22 211 - N

0 - P

20

exponent (8 bits)sign fraction (23 bits)single

02331 2230

exponent ( 11 bits)sign fraction (52 bits)double

05263 5162



ASCII (characters)

Although we think of characters as the letters of alphabet, but the computer won’t understand it. The 
computer has its own definition of alphabet. Nowadays most computers use the American Standard 
Code for Information Interchange (ASCII - pronounced ‘ask-key’) alphabet. Each character has a 
numerical code between 0 and 255. Values between 0 and 255 can be expressed as 8 bit digits. 

Original the ASCII only contains 128 elements (7-bit), based on English alphabet. Then it is extended 
into 8-bit alphabet table to include more special characters. Below is the table for the first 128 
elements.

In MATLAB, how to get the ASCII value of a character? We can use the function ‘double’ to convert 
the a variable from character type to double precision.

Exercise: what are the ASCII values stored in an string ‘Hello World’ ?
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a = 'a';
whos a
ASCII_a = double(a)
whos ASCII_a



Boolean and logical operators: 

Boolean type(logical) can represent only two values: true or false. In MATLAB, true is stored in 
memory as 1 while false is stored as 0.

There are three logical operators in MATLAB, the unary NOT operator (represented by ~), the binary 
AND (represented by &&), and the inclusive OR (represented by ||) operators.

Logical operators are most often used in expressions found in conditional or iterative execution 
statements. 

There is another way to use logical operations, called logical indexing. Logical indexing is a 
technique for selecting elements from an array that satisfy specific criteria. The elements are 
selected by forming an index array whose elements are either 0 or 1.
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clear all; clc
x = [1 2 3 4 5 6 7 8 9 10];
y = [3 1 5 6 8 2 9 4 7 0 ];
 
a = x>3;
b = x<8;
c = x(x>3 | x<8);
d = x(x>3 & x<8);
e = y(x<=3);
f = x(y~=3);

clear all; clc
a = [1 2];
b = [1 2];
c = [0 0];
d = [0 0];
 
for i = 1:2
    if a(i)>=2 && b(i)<=2
       c(i) = a(i)*b(i);
    end
    
    if a(i)>=2 || b(i)<=2
       d(i) = a(i)*b(i);
    end
end

X Y X and Y X or Y

0 0 0 0

0 1 0 1

1 0 0 1

1 1 1 1



Convert from one data type to another:

MATLAB contains a selections of functions that can be used to convert one data type to another. 
Here’s a diagram showing some of them.

Exercise: Find out the outputs of the following statements and try to interpret the results.
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integer

floating point

booleanchar double
single

int
uint

str
2nu

m

num
2st

r

logical operator

logical operator
num2str/int2str

str2num

clear all; clc
a = num2str(int8(128));
b = int8(str2num('-129'));
 
c = int2str(3.499999999);
d = int2str(3.5);
 
e = double('1') + double('1');
f = double(1)  + double(1);
 
A = 123.456;
g = num2str(A);
h = num2str(A,'%.2e');
k = num2str(A,'%.2f');
 
x = 1; y = 1; z = 0; 
o = x & y & z;
p = (x | y) & z;
q = x | y & z;
 



There’re three major types of images, binary, grayscale and color image. 

The binary image is simple. Each pixel can have only two possible values, 0(black) or 1(white). 
Sometimes binary images are called ‘black-and-white’ or monochrome. Since each pixel only takes 
is 1 bit of memory, binary images are also called ‘bitmap’. 

For a greyscale image, each pixel carries only the intensity information(amount of light). Common 
grayscale images uses 256 shades of gray for display.

A color image is an image that includes color information. Each pixel of the color image has three 

values (channels). The RGB color space is commonly used channels because they are the three 
primary color. By using an appropriate combination of red, green, and blue intensities, many other 
colors can be displayed.  In true color images, pure red is stored as (255,0,0), pure green is stored 
as (0,255,0) and pure blue is stored as (0,0,255). 

Here are examples of binary image, grayscale image and RGB color image, from left to right.

Deliverables:

1. For true color image, how many possible distinct colors can be displayed?

2. Use function imread/imshow to load and display files ‘a.png’,’b.png’ and ’c.png’. 
Describe the data format of each pixel, and how much memory does it take to store one pixel. 

3. Write MATLAB code to generate the three images showed in Fig.1, with size of 300 by 100 
pixels. Find out the minimum memory requirement for each image type.

4. Separate the red, green and blue channels from the color image, ‘d.png’.Display the red only, 
green only and blue only images on individual plots, with brief descriptions. (There’s a function 
cat you may find useful.)
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Figure 1. From left to right are binary image, gray scale 
image and color image.


