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Today’s Key Points

• Arduino Data Types

• Number Representations

• Fixed Point

• Floating Point

• Working with fixed point numbers systems

• 2’s complement

• Adding/subtracting numbers

• Number wrapping

• QM.N number representations
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DSP Data Representation

• Many different types of information can be 

represented in our DSP system

• Each are stored as bit patterns within the 

processor
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Arduino Data Types

Data Type Used For Range
Number

of Bytes

Number

of Bits
Notes

Boolean Holding True or False values true or false 1 8

char Holds an ASCII character value A, B, ..0,1,2,..$,#, etc.. 1 8

byte Stores an unsigned number 0-255 1 8

int Stores a signed integer value -32768 to 32767 2 16 32 bits on a Due

unsigned int Stores an unsigned integer 0 to 65535 2 16 32 bits on a Due

word Stores an unsigned integer 0 to 65535 2 16

long Stores a signed integer number -2147483648 to 2147483647 4 32

unsigned long Stores a signed integer number 0 to 4294967295 4 32

short Stores a signed integer number -32768 to 32767 2 16

float Stores a signed floating point number -3.4028e38 to 3.4028e38 4 32 On UNO same as a float

double Stores a signed floating point number -3.4028e38 to 3.4028e38 4 32
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ASCII Character Set

http://www.asciitable.com/

http://www.asciitable.com/
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DSP Number Representations

• Numbers in a DSP are represented by bit 

patterns. 

• The interpretation of the bit patterns is the 

critical part.

• Two main types of numbers are:

• Fixed Point 

• Floating Point numbers
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Fixed Point Number 

Representation

• The bit patterns that are stored can represent 

different numerical values

• Unsigned Integer (only represent positive 

numbers)

• Two’s complement  (closest to actual hardware)

• Sign and magnitude (easy for humans to 

understand)

• Offset binary (used for ADC and DAC)
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Unsigned Integers 

4 Bit Example

• Represents positive numbers 

from 0 t𝑜 2𝑛 − 1

• For 4-bits 0 to 15

Decimal Bit Pattern

15 1111

14 1110

13 1101

12 1100

11 1011

10 1010

9 1001

8 1000

7 0111

6 0110

5 0101

4 0100

3 0011

2 0010

1 0001

0 0000

Unsigned Integers -- 4 Bits
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Unsigned Integers – 16 Bit Values

• In Arduino C code we have an UNSIGNED INT 

that is16-bits in length

• Values from 0 to 65535

Decimal Bit Pattern

65535 1111111111111111

65534 1111111111111110

65533 1111111111111101

… …

2 0000000000000010

1 0000000000000001

0 0000000000000000

Unsigned Integers -- 16-Bits
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Offset Binary Integers 

4 Bit Example

• Represents positive numbers 

from −2n−1 t𝑜 2𝑛−1 − 1

• For 4-bits -8 to 7

• The format is non-

standardized 

• Sometimes from -8 to 7 

• Sometimes from -7 to 8

Decimal Bit Pattern

7 1111

6 1110

5 1101

4 1100

3 1011

2 1010

1 1001

0 1000

-1 0111

-2 0110

-3 0101

-4 0100

-5 0011

-6 0010

-7 0001

-8 0000

Offset Binary
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Two’s Complement

4-Bit Example

• Most “hardware friendly” 

representation of integer 

values

Decimal Bit Pattern

7 0111

6 0110

5 0101

4 0100

3 0011

2 0010

1 0001

0 0000

-1 1111

-2 1110

-3 1101

-4 1100

-5 1011

-6 1010

-7 1001

-8 1000

Two's Complement -- 4-Bits

0 010

Sign Bit Value

= +2

1 011

Sign Bit Value

= −5
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101000000010101

Two’s Complement

16-Bit Example

• 16-bit range from -32768 to 

+32767

0

Sign Bit Value

1010111111100001

Sign Bit Value

= +20501

= −10256

Decimal Bit Pattern

32767 0111111111111111

32766 0111111111111110

32765 0111111111111101

… …

2 0000000000000010

1 0000000000000001

0 0000000000000000

-1 1111111111111111

-2 1111111111111110

-3 1111111111111101

… …

-32766 1000000000000010

-32767 1000000000000001

-32768 1000000000000000

Two's Complement -- 16 Bits
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ADC Output Values

• ADC’s often offer two 

output options

• Straight Binary

• Two’s Complement 

Output

• The range of the 

output values 

depends on the 

choice

• Application 

dependent

Decimal Bit Pattern

15 1111

14 1110

13 1101

12 1100

11 1011

10 1010

9 1001

8 1000

7 0111

6 0110

5 0101

4 0100

3 0011

2 0010

1 0001

0 0000

Unsigned Integers -- 4 Bits

Decimal Bit Pattern

7 0111

6 0110

5 0101

4 0100

3 0011

2 0010

1 0001

0 0000

-1 1111

-2 1110

-3 1101

-4 1100

-5 1011

-6 1010

-7 1001

-8 1000

Two's Complement -- 4-Bits

5V

0V

2.5V
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Finding the 2’s Complement

Positive Number Example

• Start with the number and “complement” each bit

• Add one to the number

1010000000101010

Sign Bit Value

= +20501

0101111111010101

0101111111010111

Invert each bit

Add one = −20501
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Finding the 2’s Complement

Negative Number Example

• Start with the number and “complement” each bit

• Add one to the number

1110010010111111

Sign Bit Value

= −3489

0001101101000000

0001101101000010

Invert each bit

Add one = +3489
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2’s Complement Math

• Adding 2’s complement numbers is done 

simply with binary addition

• 0+0 = 0, 0+1 = 1, 1+1 = 0 with a carry

• Add 3,489 + 23,732

1011100101101000

0001101101000010 = +3,489

+

01101010010101010

= +23,732

=

= +27,221
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2’s Complement Math

Subtraction

• Subtracting two positive numbers is done by 

adding the two’s complement

• Subtract  4634 from 10678  𝐶 = 10678 − 4634

1101101111001101

0101001101101100 = +10,678

+

0010111100111000

= −4,634

=

= +6,044

2’s complement of +4634
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What Happens If I Add 2 Large 

Positive Numbers?

• Add 20,468 to 15,345

0111011111100010

1001111111101000 = +20,468

+

0001011111001011

= +15,345

=

= −29,723

-29,723 --- Why?
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+1

Wrapping of Integer Values 

• If I add two numbers and the 

sum is larger than the maximum 

value, the value will “wrap” 

around. 

• Example 6+3 = -7

Decimal Bit Pattern

7 0111

6 0110

5 0101

4 0100

3 0011

2 0010

1 0001

0 0000

-1 1111

-2 1110

-3 1101

-4 1100

-5 1011

-6 1010

-7 1001

-8 1000

Two's Complement -- 4-Bits

+1

+1

6+1 =  7
7+1 = -8
-8+1 = -7
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Wrapping of Integer Values 

• If I subtract two numbers and 

the result is smaller than the 

minimum value, the value will 

“wrap” around. 

• Example -6 - 4 = +6

Decimal Bit Pattern

7 0111

6 0110

5 0101

4 0100

3 0011

2 0010

1 0001

0 0000

-1 1111

-2 1110

-3 1101

-4 1100

-5 1011

-6 1010

-7 1001

-8 1000

Two's Complement -- 4-Bits

-1

-1

-6 - 1 = -7
-7 - 1 = -8
-8 - 1 =  7
7 - 1 =  6

-1

-1
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Fixed Point Numbers

In Class Problem

• Find the following values assuming an 8-bit number 

system

• 2’s complement of

• 106𝑑 = 01101010𝑏

• −45𝑑 = 11010011𝑏

• Add 79d (01001111b) and 35d  (00100011b)

• Subtract 118d (01110110b) from 95d (01011111b)

• Add 85d (01010101b) and 106d (01101010b)
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Fixed Point Numbers

In Class Problem

• 2’s complement of 106𝑑 = 01101010𝑏

NOPRINT

• −45𝑑 = 11010011𝑏

01101010𝑏 10010101𝑏 + 00000001𝑏 = 10010110𝑏Invert

11010011 00101100𝑏 + 00000001𝑏 = 00101101𝑏Invert

= −106𝑑

= 45𝑑
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Fixed Point Numbers

In Class Problem

• Add 79d (01001111b) and 35d  (00100011b)

NOPRINT

01001111b

00100011b+

01110010b = 114d
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Fixed Point Numbers

In Class Problem

• Subtract 118d (01110110b) from 95d (01011111b)

NOPRINT

01011111b

+

11101001b = -23d

Take the 2’s complement of 118d

01110110b 10001001𝑏 + 00000001𝑏 = 10001010𝑏Invert

= −118𝑑Add the values

10001010b

11101001b 00010110𝑏 + 00000001𝑏 = 00010111𝑏Invert

2’s complement = 23𝑑

Final result
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Fixed Point Numbers

In Class Problem

• Add 85d (01010101b) and 106d (01101010b)

NOPRINT

01010101b

+

10111111b = -65d

01101010b

10111111b 01000000𝑏 + 00000001𝑏 = 01000001𝑏Invert

2’s complement = 65𝑑

It’s negative.  Figure out what is its 2’s complement value

Final result
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Integers as Counters

• Be careful when using an integer (INT) as a 

counter value

• The value can “rollover” if the counter exceeds 

32767 and will become negative

• If necessary, use a larger fixed point datatype 

in your code (e.g. a LONG), or add a software 

check
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Arduino Fixed Point Number

Data Types

• Fixed point numbers are primarily stored in the 

Arduino UNO as INT or LONG data types

• INT is stored as a 16-bit value and requires 2 

bytes of storage

• LONG is stored as a 32-bit value and requires 4 

bytes of storage
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Fixed Point Number 

Representation

• Fixed point values represent their value exactly

• When adding or subtracting two fixed point 

numbers as integers, there is no error

• An integer value will always be the result

• Fixed point numbers have the same increment 

between values across the entire range of 

numbers
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Representing Fractions 

with Fixed Point Values

• Start with a fractional number and convert to a 

fixed point value

• Scale the number to preserve the fractional 

portion

• It can be scaled by as large a number as 

desired within the range of the fixed point

number system
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Representing Fractions 

with Fixed Point Values

• Scale by different values to preserve resolution

Will not fit into SIGNED INT, 
but will fit into UNSIGNED INT

0.4589 × 10 = 4.589

0000000000000100

Τ4 10 = 0.4

0.4589 × 1000 = 458.9

0000000011100101

Τ458𝑑 1000 = .458

0.4589 × 100000 = 45890.0

1011001101000010
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Representing Fractions 

with Fixed Point Values

• Must keep track of the scalar throughout 

processing

• Understand the true value of the number

• Can only add numbers with the same scalar 

value

0.4589 × 1000 = 458.9

0000000011100101

Τ458𝑑 1000 = .458

0.0634 × 10000 = 634

0000001001111010

Τ634𝑑 10000 = .0634
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Representing Fractions 

with Fixed Point Values

• Cannot add fixed point values that represent 

fractions if the scalar is not the same

0000000011100101

0000001001111010+

0000010001000100

458 → .4589

634 → .0634

1092 → ≠ .5223

Cannot add numbers that use different scale values
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Fixed Point Numbers Can Also 

Represent Fractions

• Treat the MSB as a sign bit

• The remaining 15 bits represent a fraction  <±1.0

1010000000101010

Sign Bit
Fractional value

= +
20501

32768
= 0.6257

0.101000000010101

Binary Point Location
Sign Bit



EEET-425 Digital Signal Processing

Fixed Point Numbers Can Also 

Represent Fractions

• This approach uses a scalar value, but the scalar is a 

power of 2

• Example:  Represent +0.6257

1010000000101010

Sign Bit

20501 represents
the fractional value

0.101000000010101

Binary Point Location
Sign Bit

0.6257 × 215 = 20501

Scalar
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Fixed Point Numbers Can Also 

Represent Fractions

• Negative values have a 1 for the sign bit

• Scale the fraction by 215 = 32768 for values <±1.0

• Use 2’s complement to represent negative values

1010110001101011

Sign Bit Value

10699 = 2’s 
complement of the 
binary value1.101011000110101

Binary Point Location

Sign Bit

−0.3265 × 215 = −10699
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Different Ranges of Fractions can 

be represented

• Sign Bit located in the usual position

• Binary Point moved to adjust range

• Different scalar value used (e.g. 213)

• Can represent values < ~ ± 4.0

010.1000000010101

Binary Point Location

Sign Bit
13 bits
4117

2 bits
2

Value = +2 +
4117

213
= 2.5026
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Using Integers to Represent 

Fractions

• This is commonly used in hardware (e.g.

FPGA’s to represent fractions) and in software

• It is not a different data type but a way to 

interpret the values

• To add or subtract values the binary points 

must be aligned then the operation performed
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Q0.15 --- 1.101011000110101

Using Integers to Represent 

Fractions

• The representation is sometimes written as QM.N (this 

definition varies)

• M is the number of bits in the integer portion

• N  is the number of bits in the fraction 

• 1 sign bit is assumed

Q2.13 --- 110.1011000110101

15 fraction bitsSign bit 13 fraction bitsSign bit

Binary Point
Two Integer Bits
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Adding Fractional Values

• Adding and subtracting must be done carefully

• Software libraries often written to support the 

math

1.101011000110101

Binary Point Location

Sign Bit

010.1000000010101

−0.3265

2.5026

0010.001011010001001

+

2.1761

Truncate to 16 bits
Note new Binary Point Location



EEET-425 Digital Signal Processing

ICP Representing Fractions

• Represent the following numbers as fixed point

values using Q0.15 values

• .2458

• .06589

• .000158
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ICP Representing Fractions

• Represent the following numbers as fixed point

values using Q0.15 values

.2458 × 32768 = 8054.1286

0.001111101110110

Binary Point LocationSign Bit

8054

NOPRINT
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ICP Representing Fractions

• Represent the following numbers as fixed point

values using Q0.15 values

.06589 × 32768 = 2159.0176

0.000100001101111

Binary Point LocationSign Bit

2159

NOPRINT
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ICP Representing Fractions

• Represent the following numbers as fixed point

values using Q0.15 values

.00158 × 32768 = 5.177

0.000000000101

Binary Point LocationSign Bit

5

NOPRINT


