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Abstract:

This project is concerned with the design of a 32-bit digital sine and coisne
function generator for modern application specific computer using the combined scheme
algorithm. A trigonometric-wave generator circuit is provided to generate data
representative of a wave of trigonometric functions by using two ROMs (which stores one
half of the sine function period of only a selected phase region between 0 and x) and some
adders. Moreover, in order to regenerate a cosine wave, sine designation data are used to
cooperate with the high-order bits of the input phase data. Thus, the circuit is capable of
generating sine-wave data or cosine-wave data correctly with high precision And by
constructing a divider circuit we can generate other trigonometric functions with the help
of these sine and cosine wave data values and by applying CORDIC (Co-ordinate
Rotation digital Computer) algorithm. CORDIC is an iterative algorithm for the
calculation of the trigonometric functions using only adder and shift operations.

This project presents architecture for designing a flexible and scalable digital

trigonometric function wave generator.

An FPGA-Based architecture is presented and the design has been
implemented on a Xilinx ISE9.1i using VHDL. Synthesis and simulation results are
shown and discussed.



hapter 1: |1 ion:

As the project is concerned with the design of a 32-bit sine and cosine function
wave generator for modern application specific computer using the combined scheme
algorithm. Let us first introduce what is a combined scheme. A combined scheme is a
superposition of some specific schemes viz. sine function calculation scheme, lookup table
based generator scheme and oscillation scheme with single and multiple frequencies.

Now, let us LEARN what these schemes are -

In sine function calculation scheme we use the different approximation algorithms hike
Taylor scheme, CORDIC algorithm, interpolation algorithm, cte. to determine the sine and cosine
function values.

The idea in lookup table-based gencrator is to build a table of M samples of the sine
function, which form a single sine wave penod (S = Sin(2mi /M)).

Oscillation scheme with single frequency is an algorithm, which generates the
sine waves using some fundamental properties of transcendental functions. It is usually
implemented as the solving of some difference equation as
pli) = 2cos(b)yli-1) - yli-2), i=0,1,...cceevenvee

Such a scheme generates the sine wave by the initial conditions
W-1)= -sin(h); ¥W(-2)= -sin(2b).
or the cosine wave by the conditions
W-1)= cos(h); W-2)= cos(2b);
with the frequency f= l:r,i‘5 Jl2m) Hz,

Oscillation scheme with multiple frequency 1s an algorithm based on  well-known
trigonometric formulas: Sin{A+B) = SinACosB + CosASmnB; and Cos(A+B) = CosACosB -
SinASinB;

where SinA,CosA are samples of the generated waves and B is the angle to which the neighboring
samples differ (it represents the given frequency).

Each and all the above mentioned schemes can generate sine and cosine function wave
values individually. But the values of the sine and cosine function gencrated by cach of them are
not precise and accurate. Thus, we super impose all the above mentioned schemes to get more
precise and accurate trigonometric function values.
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Chapter 1.1: General Discussion on the applied Algorithm:

(1) Sine Function Calculation:

Sine function calculation is the usual way to generate sine waves in PC and other
program controlled computers, Here we use the different approximation algorithms like
Taylor scheme, CORDIC algorithm. interpolation algorithm, ete. For example, sine and
cosine functions at the interval |x|<1 can be estimated as

] 5
sin(mx/2) = 57063x -64323x + 07271x .
2 A
cos(x/2) =9994 —22279% +22399% .  ..oevereriniines (1)

with the error, which is less than (16%.

The disadvantage of this method consists in the large complexity of calculations (in the example
above — up to 6 multiplications and 2 additions for the sine function). Besides, here the functions
are defined for the angles less than 7/2. and additional calculations are needed for deriving the
functions in another ranges. The advantage is a wide range of the generated frequencies.

(2) Look Up Table based Generator:

I'he idea in lookup table-based generator is to build a table of M samples of the sine
function. which form a single sine wave period. That means that at the address 7 the value
§ = sin(2mi/M) is stored. The wave generation means reading the samples. addressing them
by the incremented address counter. The increment &= 1.2....Mi2 of such a counter is
proportional to the resulting sine wave frequency f = &f /M. where /is the sampling

frequency. The precisions of both the outputted sine wave and its [requency installing
depend on the table volume M and the data width of the cocllicients 5.

(3) Oscillation Scheme:

Oscillation scheme with single frequency is an algorithm, which generates the sine
waves using some fundamental properties of transcendental functions. It is usually
implemented as the solving of some difference equation. For example, the following
difference equation

(i) = 2cos(h)(i-1) - y(i-2): where | I T P DT e S e (2}

models the second order recursive digital filter at the border of amplification and
excitation modes. Such a scheme generates the sine wave by the initial conditions

~

W-1)= sin(b); M(-2)= -siM2B)s  cevvarvirmmririsinsnss rermnt e AT (3)
or the cosine wave by the conditions

Ww=1)= cos(h); w(-2)= cos(2bh).
with the frequency f hf;,f’l[ﬂnj Hz. Theoretically equation (2) represents the stable sine wave
generator, i.e. it operates without damping or saturation of oscillations, if the multiplier of y{(i-2) (il
any) is equal precisely to a 1. But the sine and cosine coefficients must be truncated by the
machine representation in such a way, that the sine of a zero angle to be equal to a zero.
i.e. (0)=2cos(b)(-sin(h)) - (-sin(2Zh)) = 0. .oooreiinnnn RO (4)
The disadvantages of this generator are: -small scope of the frequency regulating. which is limited
by the data bit width and relation (4). - wave magnitude is different for the different frequencies.
and some displacement is present (see the table below); - for a set of frequencies the set of
coefficients must be calculated and/or stored: - very high (=0.13/ ) and very low (<0.001/ )

o - 1

frequencies could not be generated without extreme errors.

S P W DY W W iy v BN
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Chapter 1.1: General Discussion on the applied Algorithm:

Oscillation scheme with multiple frequencies is based on the well-known trigonometric
formulas: sin(x+y) = siny cosy + cosxy siny:
cos(x+y) = cOSK COSY — SINK SINY. .oirevrievienen (5)

Here siny, cosy are samples of the generated waves, and y is the angle to which the
neighboring samples are differ, i.e. it represents the given frequency. The disadvantage of this
sheme consists in its unstability due to the uElprr.‘cisu representation and caleulation of the sine and
cosine samples. That means that sin ¥+ cos x #1 !-;in'.rl cos v #1 due to the truncation errors in
equation(2) . This feature can be minimized by addition of some nonlinearities 1o this scheme
which will decrease the increased signal magnitude.

(4) Combined Scheme:

In the combined schemes the superposition of the mentioned above schemes is used. For
example. consider the generator which frequency must be tuned precisely. Then such
generator can be built as two generators, one of them generates sine and cosine waves
with the high frequency and another one does them with the low frequency. The resulting
signal is derived by the mixing the signals of both of them using the above equations (3).
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Chapter 2.1: Circuit Diagram:

Chapter 2.: Circuit Model:
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Chapter 2.2 Description of the circuit:

In the above circuit we took one 32-bit input data (I'), four adders (SMP.SMS.
SMC and SM1), three registers (RgP, RgS and RgC) to store data and two ROMs (ROM
S1 and ROM S2). The adder SMP with the register RgP implements the phase
accumulator with the inerement £, ROM ROMSI. ROMS2 store one hall of the sine
function period, ROMS1 is addressed by 5 most significant bits of RgP except highest
one. Therefore. the whole sine wave period consists of 32 samples. The adder SMS inverts
the sine code to generate the negative waves of the resulting sine signal, Ttis implemented
when the 15" bit of RgP is a 1. In another situation this adder throughputs the data
without exchanges.

The adder SM1 adds a 1 to 2 MSBs of the code RgP. and therefore, it shilis the
phase value to 90° By this method the address is derived which provides the cosine
function fetching from the sine table. The adder SMC and ROMS2 generate the cosine
function. Sine and cosine samples are buffered in the registers RS and RgC respectively.

The sine and cosine values stored in registers RgS and RgC are then divided in a
divider circuit to obtain the tangent and cotangent values.

11
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Chapter 2.3: Divider Algorithm:
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Chapter 2.4:Flow chart of the Divider:
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Algorithm for division:

+ Set Count to 0 and put 0 in A register.

= Start loop for n times

« Shift A & Q left one binary position

* Subtract M from a, placing the answer back in A

= if the sign of A <0, set Q0 to 0 and add M back to A (restore A);
* otherwise. set gl to |

* Check for count. when count = n-1 then stop the loop.
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Chapter 3: Advantages and Disadvantages:

Advantages:

1> Cost effective.

2> Low power consumption.

3> Low size.

4> High speed operation.

5> Simple and easy to implement.
6> It is a computer integrated.

7= Relatively less truncation error,

Disadvantages:
1> Unstable due to n*nprt:w,L nprcsmtatmn and calculation of sine and cosine
mmplm (that means sin“x + cos™x /= 1)
2= It is has complex operation.
> Prone to damage due to high power.

14



Chapter 4 : Application:

Trigonometric functions have a wide range ol uses including computing
unknown lengths and angles in triangles for instance. in navigation. engineering.
and physics for frequency conversion, discrete Fourier transform, in modems,
software defined radios. radars, mobile phones. radio receivers. ete.

The sine and cosine functions are also commonly used to model periodic
function phenomena such as sound and light waves. the position and velocity of
harmonic oscillators, sunlight intensity and day length. and average temperature
variations through the year.

15




Chapter 5: Result:
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Fig 1: Simulation result in Decimal form.
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Fig 2: Simulation result in Hexa-decimal form.
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Chapter 6: Conclusion:

In this project we discussed various schemes ol generating trigonometric
function wave such as sine function calculation. lookup table-based generators. oscillation
scheme with single frequency and multiple frequencies and combined scheme. the
disadvantages associated with them and proposed a new model 10 overcome those
disadvantages by simply super imposing all the schemes and take the output from the
mixture following the condition given by the relation of the trigonometric formula given
by equation(5)

{i.c. sin(A+8)=sinA cosB + cosA sinB: and cos(A+8) = cosA cosB —sinA sinB).

Thus, a high precision and cost effective trigonometric function wave generator can be
constructed by using combined scheme algorithm,

17
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Chapter 7: Future course ol work:

We will design a divider circuit to find other trigonometric lunction values
(tangent, cotangent. secant and cosceant) using CORDIC algorithm. We would further
upgrade the generator from 32-bit and 1o 64- bit to get more precision and accuracy in the

resull

18
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Chapter 8: Appendix:

8.1.Timing Report :

Design Name
Device, Speed
{(Speed File
Version)

Date Created

Created By

Copyright

SIN GEN

XCR3256X1., -7 (6.0)

Tue Nov 12 15:09:32 2013

Timing Report Generator: version

1.30

Copyright (¢) 1995-2007 Xilinx.
Inc. All rights reserved.

Summary

Notes and Warnings

Note: This design contains no timing constraints.

Note: A default set of constraints using a delay of 0.000ns will be used

for analysis.

Min. Cloek Period

Max. Clock Frequency (ISYSTEM)

Limited by Cyele Time for elk

Clock to Setup (1CYC)

Setup to Clock at the Pad (t517)

Clock Pad to Output Pad Delay (1C0O)

Timing Constraints

Constraint Name
TS1000
AUTO TS _F2F
AUTO TS P2P
AUTO TS P2F
AUTO_TS_F2P

Requirement

(ns)
0.0
0.0
0.0
0.0
0.0

Performance Summary

142.800 ns.
7.003 MHz.

142 800 ns,
141,100 ns.

4.500 ns.
[:,::}F Paths
RN {
142.8 814
4.5 64
142.1 529
3.5 64

Paths
Failing
§]
814
64
529
64

19
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Constraint: TS1000

Description: PERIOD:PERIOD _clk:0.000 nS

Ui ament Delay (ns)  Slack (ns)

Path (o)

Constraint: AUTO_TS _F2F

Deseription: MAXDELAY:FROM:FFS(*): TO:FFS(#):0.000 nS

Path R““;:;’““"' Delay (ns)  Slack (ns)
p_0_0.Qtop 0 _30.D 0.000 142.800  -142.800
p 0 0.0top 031D 0,000 142.800  -142.800
p 0 1.0top 0 30.D 0.000 142,800  -142.800

Constraint: AUTO TS P2P

Deseription: MAXDELAY:FROM:PADS(*): TO:PADS(*):0.000 nS

Requi
equirement Delay (ns)  Slack (ns)

Path (03)
clk to cos_o<0> 0.000 4.500 -4.500
clk to cos o<10> 0.000 4.500 -4.500
clk to cos_o<l1> 0.000 4.500 -4.500

Constraint: AUTO_TS_P2F

Description: MAXDELAY:FROM:PADS(*): TO:FFS(#):0.000 nS

Path “‘"q”["'f’j"'“"t Delay (ns)  Slack (ns)
f<0> 10 p_0_30.D 0.000 142.100  -142.100
f<0>top 0 31D 0.000 142.100  -142.100
f<I>top 0_30.D 0.000 142100 -142.100

20




Constraint: AUTO TS F2P

Desceription: MAXDELAY: FROM:FFS(#): TO:PADS(*):0.000 nS

Requirement Delay (ns)  Slack (ns)

Path (ns)
cos o<0>.0) to cos o=(> (1000 3.500 -3.500
cos_o0<10>.0 to cos_o<10> 0.000 3.500 -3.500
cos 0<11=0tocos o<ll> (1000 3.500 -3.500

Number of constraints not met: 4

Data Sheet Report:Maximum External Clock Speeds
Clock fEXT (MHz) Reason

Clk 7003 i.iliiuncd by Cyele Time for

Chapter 9:  Synthesis Report:

TABLE OF CONTENTS:
1) Svnthesis Options Summary
2) HDL Compilation
3) Design Hierarchy Analysis
4) HDL Analysis
5) HDL Synthesis
5.1) HDL Synthesis Report
6) Advanced HDL Synthesis
6.1) Advanced HDL Synthesis Report
7) Low Level Synthesis
8) Partition Report

9) Final Report
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1>Synthesis Options Summary

source Parameters
Input File Name :"SIN GEN.prj"
Input Format : mixed

lgnore Synthesis Constraint File : NO

‘P-'

/)

larget Parameters

i

Output File Name : "SIN_GEN"
"I’ Output Format : NGC
i Target Device : CoolRunner XPLA3 CPLDs

U

Source Options

4

Top Module Name . SIN_GEN

2_4

Automatic FSM Extraction ¥YES

il

FSM Encoding Algorithm T Auto

Safe Implementation : No

CASE Implementation Style  : Full-Parallel

Mux LExtraction *YES

! ['. ]

Resource Sharing : YES

larget Options

i

:
:~I, Add 10 Buffers : Y128
I;TrI’ MACRO Preserve - YES
;:F’, XOR Preserve :YES
-
sy Lquivalent register Removal : YES
....L’
"i General Options

=T G ,

4 Optimization Goal : Speed
L J r’
o | Uptimization Effort ]

ry
o9 Library Search Order  : SIN GEN.Iso
ed Keep Hierarchy ‘' YES
o

22




RTL Qutput iYes
Hierarchy Separator ol

Bus Delimiter ten

Case Specifier : maintain
Verilog 2001 :YES

Other Options

Clock Enable : YES
WYShAYE P NOD
2>HDL Compilation:

Compiling vhdl file "C:/Xilinx91i/btec1/sin_gen.vhd" in Library work,
Entity <sin_gen= compiled,

WARNING:HDLParsers:1406 - "C:/Xilinx91i/btecl/sin_gen.vhd" Line 46. Mo sensitivity list and no
wait in the process

Entity <sin_gen> {Architecture <heh>) compiled.
3> Design Hierarchy Analysis :

Analyzing hierarchy for entity <SIN_GEN= in library <work> (architecture <behs).

4= HDL Analysis:

Analyzing Entity <5IN_GEN= in library <work> (Architecture <beh=).

WARNING:Xst: 790 - "C:/Xilinx91i/btec1/sin_gen.vhd" line 64: Index value(s) does not match array
range, simulation mismatch.

WARNING:Xst:790 - "C:/Xilinx91i/bteci/sin_gen.vhd" line 66: Index value(s) does not match array
range, simulation mismatch,

Entity <SIN_GEN> analyzed. Unit <5IN_GEN> generated.

5> HDL Synthesis :

Performing bidirectional port resolution..,

Synthesizing Unit <SIN_GEN=,

Related source file is "C:/Xilinx91i/btec1/sin_gen.vhd".

WARNING: Xst:646 - Signal <i> is assigned but never used.

23




WARNING:Xst - Property "use _dsp48" is not applicable for this technology.
WARNING: Xst - Property "use _dsp48" is not applicable for this technology.
Found 16x16-hit ROM for signal <Smux0000> created at line 64.
Found 16x16-bit ROM for signal <$mux0001> created at line 66.
Found 32-bit register for signal <sin_ o>,
Found 32-bit register for signal <cos o>,
Found 32-bit adder for signal <cos_o0Saddsub0000> created at line 81,
Found 32-bit up accumulator for signal <p>,
Found 32-bit adder for signal <sin_o$addsub0000> created at line 76.
IFound 2-bit adder for signal <12,
Summary:
inferred 2 ROM(s),
inferred 1 Accumulator(s).
inferred 3 Adder/Subtractor(s).
Unit <SIN_GEN= synthesized.
WARNING:Xst - Property "use_dsp48" is not applicable for this technology,
5.1> HDL Synthesis Report:
Macro Statistics

# ROMs

ld

)

16x16-bit ROM
# Adders/Subtractors i3

2-bit adder « ]
32-bit adder 3
# Accumulators &
32-bit up accumulator 23

# Registers 12

32-bit register :2

24




6> Advanced HDL Synthesis:
6.1>Advanced HDL Synthesis Report:

Macro Statistics

# ROMs 12
16x16-bit ROM )
# Adders/Subtractors 45
2-bit adder |
32-bit adder 22

# Accumulators b
32-bit up accumulator 1

i Registers ;04
Flip-Flops ;04

7=Low Level Synthesis

INFO:Xs1:2261 - The FF/Latch <cos_o_15= in Unit <SIN_GEN= is equivalent to the
following 16 FFs/Latches, which will be removed : <cos o 16> <cos o 17> <cos o 18>
<cos_o0_19> <cos_o_20> <cos 0 _21> <cos o 22> <¢os 0 23> <cos 0 24> <cos o 25>
<cos_0 26> <cos o 27> <cos 0 28> <cos 0 29> <cos o 30> <cos o 31>

INFO:Xst:2261 - The FF/Latch <sin_o 15> in Unit <SIN_GEN> is equivalent to the
following 16 FFs/Latches, which will be removed : <sin o 16> <sin 0 17> <sin o 18>
<sin_0 19> <sin_o_20> <sin_o 21> <sin_o_22> <sin o 23> <sin 0 24> <sin o 25>
<sin_o 26> <sin_o_ 27> <sin_o_ 28> <sin_o 29> <sin 0 30> <sin o 3>

Optimizing unit <SIN_GEN=>
&> Partition Report:
Partition Implementation Status
No Partitions were found in this design.
9> Final Report
Final Results:

RTL Top Level Output File Name  : SIN GEN.ngr

25




rr

f
&

s

U

Qutput Format
Optimization Goal
Keep Hierarchy
Farget Technology
Macro Preserve
XOR Preserve
Clock Enable
WyYSIwyg
Design Statistics
7 10)s
Cell Usage
# BELS

AND2

#  AND3

AND4
INV

#  OR2
OR3

#  XOR2

# FlipFlops/Latches
#  FDC

# 10 BufTers

#  IBUF

OBUF

lop Level Output File Name : SIN GEN

s NGC
: Speed
: YES
: CoolRunner XPLA3 CPLDs
SYES
: YES
: XYES

NO

)

lad

: 208

141

: 16
;97

: 64

r b4
1
;34

(4

CPU:5.99/6.32 5| Flapsed : 6.00/6.00 s

Fotal memory usage is 178268 kilobytes, Number of w

[

arnings ;
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