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Abstract — A flexible and efficient fixed to floating point
conversion tool is presented for digital signal processing and
communication systems. Fixed point numbers are heavily used
in digital systems because they require less hardware,
verification time and design effort compared to floating point
number systems. However, floating point numbers offer better
precision. Some digital designs may use a hybrid number
system wherein fixed and floating point numbers can be used
together to improve accuracy. The proposed design tool
converts fixed-point numbers to floating-point numbers,
including IEEE-754 floating point number standard. This tool
generates Verilog RTL code and its testbench that can be
implemented in FPGA and VLSI systems. The proposed design
tool can increase productivity by reducing the design and
verification time. The generated design has been implemented
on Xilinx Virtex-5 FPGAs and compared to conventional fixed
to floating conversion tools.

I. INTRODUCTION
Arithmetic operations in signal processing and
communication systems are implemented using either fixedpoint, floating-point or hybrid number systems wherein
fixed [1] and floating point numbers [2] can be used
together in the same chip using some conversion tools
[3][4][5]. The IEEE754-1985 standard was released for
binary floating-point arithmetic [6]. New features were
added to this standard and IEEE released the latest standard
IEEE754-2008 for binary floating point arithmetic. The
current standard includes half precision, single precision,
double precision and quadruple precision also known as
binary-16,
binary-32,
binary-64
and
binary-128,
respectively [6].
The single precision binary-32 floating point number is
shown in Figure 1. The most significant bit (index number
32) is the sign bit. The next 8 bits that are indexed as bit
numbers 30-23 are biased exponents and the last 23 bits are
fractions [7]. The decimal calculation of the single precision
floating point number is;
x = ( − 1) s (1. x 22 x 21 x 20 . . . x 0 ) 2 2 ( ε − 127 )
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Figure 1. The single precision binary-32 floating point number

The hardware implementation of fixed-point number
systems requires less hardware than floating-point number
systems. The implementation of addition in a floating point
number system can be particularly difficult and will
consume more hardware than fixed-point numbers. The
fixed-point numbers are limited to the number of bits used.
For example, representing the current U.S. National debt,
which is 15,450,932,542,123 dollars [8], requires 44-bit
fixed points. Representing the same debt in Japanese yen,
which is 1,241,173,411,108,740, requires a 51-bit fixedpoint number system. Both of these numbers can be
represented using single precision 32-bit floating numbers
0x5560D736 and 0x5511A955, respectively. Another
advantage of a floating-point number system is in the
representation of smaller numbers [7]. For example, the
charge and mass of an electron are 1.60217646x10-19 and
9.10938188 x10-31, respectively. To represent the charge of
an electron using a fixed point number system, an 80-bit is
required. Error during this representation is 6.5653 x10-25.
To reduce this error, the number of bits needs to be
increased to 88-bit. This error is reduced to 3.4346 x10-25.
To improve design accuracy and reduce design time, a
custom fixed to floating point conversion tool is proposed.
This tool is described in Section II and an example design
and its error analysis is discussed in Section III.
II. FIXED TO FLOATING POINT CONVERSION SYSTEM
The GUI of the proposed fixed to floating point
conversion system is shown in Figure 2. This conversion
tool takes an n-bit fixed point input and creates an m-bit
floating point. This tool creates IEEE 754 and custom m-bit
based hardware and testbench using Verilog HDL. The
testbench is created using MATLAB and functional
verification is done using Modelsim. This code is also
checked using LEDA [9] for ASIC and FPGA compatibility.

which is equivalent to
22
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Figure 2. Fixed to floating point conversion GUI

Based on user input parameters, the fixed to floating
point conversion system generates synthesizable RTL
design and verification files. It also generates MATLAB
files for error analysis and Modelsim Tcl scripting files for
verification. The main program is designed using Visual
Basic, Perl, and Tcl scripting languages. The design
generates RTL code and testbench verification files for
hardware design.
The proposed fixed to floating point conversion system
shown in Figure 2 can accelerate time to market (TTM) by
reducing the verification time if IEEE-754 floating point or
custom floating point arithmetic is required. The
components of this conversion system are:
• File name: An optional component where users can enter
floating point Verilog HDL file and folder where all files
will be stored. The default file and folder name will be
Fixed_Float_n if user leaves this textbox empty.
• Input number of bits: This is a required entry where the
total number of bits of a fixed point number is entered.
This field must be an integer. All other entries will create
an error.
• Input integer bits: This is an optional input where the
integer number of bits needs to be entered. If this field is
left blank, the program will assume the fixed point
number is an integer.
• Output exponent bits: This is a required entry where the
total number of exponent bits of a floating point number
is entered. This field must be an integer. All other entries
will create an error.
• Output mantissa bits: This is a required entry where the
total number of mantissa bits of a floating point number is
entered. This field must be an integer. All other entries
will create an error.
• Testvector number: This is an optional entry where the
number of testvectors must be entered. The current
system accepts testvectors between two and one million.
The default number 1000 will be used if this field is left
blank.
• Testbench file name: The user can use custom test values
that are stored in a text file. This file name and extension
must be entered and the file must be located in the same
folder where the fixed to float conversion program is

running. The current system only accepts one custom test
file. In addition, the user needs to identify the testvectors
as hexadecimal, decimal or binary numbers.
• IEEE-754: This field needs to be used if fixed to IEEE754 floating conversion is needed. The current system
supports half precision (16-bit), single precision (32-bit)
and double precision (64-bit) IEEE-754 standards. If this
field is checked, it will overwrite the custom level
numbers.
• Signed: This is an optional check entry where the default
is unsigned numbers.
• FPGA: If this design is intended for use in FPGA designs,
this field needs to be checked. The current tool is realized
for Altera- and Xilinx-based FPGAs.
• ASIC: If this design is intended to use for ASIC designs,
this field needs to be checked. If both FPGA and ASIC
fields are checked, the system will run LEDA [9]
scripting for verification. The user computer must be
equipped and licensed to run LEDA.
• MATLAB .m file: As an option, a testvector file can be
generated in .m file format.
• Generate button: This will execute the program and create
a floating point Verilog HDL file and error graphs based
on user inputs.
• Testbench button: This program only generates testbench
files for Modelsim and MATLAB. It does not generate a
floating point Verilog HDL file. It is intended to use if the
user already has a design under test (DUT) file.
The idea behind the fixed to floating point conversion
system is similar to the High Level Synthesis (HLS) [10]
design flow shown in Figure 3.

Figure 3. HLS [10] Design flow

Figure 4. The fixed to floating point design and verification flow

The design and verification flow of the proposed
designer system is shown in Figure 4. During generation of
the Verilog HDL file, number of the testvectors and
testbench file will be also generated and result files from
Modelsim will be transferred into MATLAB for error
analysis. If the results are correct and error in the acceptable
range, the synthesis flow will be the next level of operation.
Based on the user input parameters, the system will
compute the possible maximum and minimum values for
fixed point numbers. After computing the maximum and
minimum values based on the size and integer bit values,
the fixed to floating point conversion tool generates a
Verilog HDL file and testbench files using the input
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constraints. The Modelsim Tcl file generates a project file,
compiles the DUT and testbench and creates fixed point and
floating point data files that contain simulation results from
Modelsim. After completion of these files, the next step is
to run generated MATLAB .m files and compare fixed and
floating point numbers for error. During the generation of
the MATLAB .m file for comparison and verification
process, some of the built-in MATLAB functions such as
dec2bin, bin2dec, hex2dec, etc. are used. Most of these
built-in functions are used for unsigned numbers. If the user
input contains unsigned numbers, additional function files
will be generated during the verification process. Two of
these functions used for unsigned numbers are shown in
Figures 5 and 6 respectively.

Q

32

16

Data_in

I

16

16

16

32

32
2

I2

Q

44

Fixed to Float
Calib. Sum

6

10
6
10

1/(Ref. Sum)

7
20

6
10

8s

Calib. Factor

30

Rounding
6

10

POWER

Figure 5. MATLAB .m file for signed and unsigned binary to
decimal conversion

Figure 8 An example of RTWP calculation in LTE systems

Figure 6. MATLAB .m file for floating point to decimal
conversion

III. CASE STUDY
To understand the functionality of the fixed to floating
point conversion system, a real industry application,
Received Total Wideband Power (RTWP), is presented in
this section. RTWP is an important factor for uplink load
and interference and needs to be calculated and reported
effectively [11]. The calculation, calibration and reporting
RTWP and power meters are outside the scope of this paper
[11][12]. This paper focuses on the custom fixed-to-floating
conversion that is used in RTWP. The block diagram and
circuit description of RTWP are shown in Figure 7 and
Figure 8.

As seen in Figure 7 and Figure 8, when using 16-bit I/Q
signals, the total power is calculated as the average of I2+Q2
over every slot that is every 0.5 ms, and the sum value is
later stored as a floating point number. The fixed to floating
point conversion tool is used to design hardware for
converting a 44-bit fixed point number to a 16-bit floating
point for power report. The 44-bit fixed point number has a
range of [0,1) and floating point reporting needs to be in the
same range with minimal error. One of the most
complicated blocks in RTWP is fixed to floating point
conversion. The block needs to be validated after intensive
testing. This could take a long time and can increase the
design time as well as TTM. The proposed design can
generate the required Verilog HDL design file and varies it
using the testbench that is generated during the generation
of the design file. This design flow is similar to the HLS
design flow that is given in Figure 3. The tool verifies the
design during the design process and this will decrease the
design time significantly based on input parameters.
The fixed to floating point conversion tool input
parameters are shown in Figure 9. Based on these input
parameters, MATLAB generates 50 testvectors during the
Verilog HDL design file generation. Next, the testbench file
and a Tcl file are generated to test the design using
Modelsim for functional verification. The output files are
later transferred into MATLAB for error analysis. During
the verification flow that is explained in Figure 4, Modelsim
waveform is output for verification as well as data files for
MATLAB analysis as shown in Figure 10.

Figure 7. RTWP block diagram
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IV. CONCLUSION
A fixed to floating point conversion tool is presented in
this design. This design tool generates fixed to floating
point conversion hardware using the IEEE-754 standard
floating point and as well as custom floating point numbers.
An HLS approach is used to design and verify the HDL
code. The HDL code is verified using Modelsim and
MATLAB and synthesized using the ISE design tool. The
key objective of the proposed tool is to reduce the TTM and
increase productivity by verifying the hardware during the
design process. Future work will include support for all
IEEE-754 2008 standards and also a floating point to fixed
point conversion section for design flexibility. In addition,
designers can easily design mixed fixed and floating point
hardware without sacrificing TTM.

Figure 9 Fixed to Floating point generation for RTWP
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