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Abstract - In this papcr thc pcrformances of two 
methods in the implenientation of a sinewave with a 
16-bit fixed-point digital signal processor (DSP)-
T\ lS320C5x are evaluated and compared. The methods 
used are thc recurrence formula mcthod and the look-
up-table (LLT) method. By each method the sinewaves 
are generated by simulation and with the TMS320CSx 
Starter Kit (DSK) board. The performances of the 
methods are appreciated by means of the dynamic 
parameters of the sinewaves implemented: signal-to-
noise and distortion ratio (SINAD) and total harmonic 
distortion (THD). Thc accuracy of thc frcquency of thc 
sinewaves implemented is also determinate. 
Kcywords: impicmentation of the sinewave, digital 
signal processor, accurate estimate of the sinewave 
dynamic parameters. 

I. INTRODUCTION 

Moreover, the accuracy of the frequency of the 
sinewave implemented is determinate. 

II. THE METHODS USED FOR IMPLtMENTlNG 
THE SINEWAVES 

A discrete-time sinewave can be implemented by the 
following tw'o methods: 

A. The recurrence formula method 
We consider a continual-time sinewave x{t) 
characterized by amplitude A and frequency/, , . After 
the sampling with frequency / > 2 / „ ) the discrete-
time sinewave x\n] is obtained. ;c[a7J is given by 

x [ a i ] = s i n 
f ' 

I n ^ n i. 
f . 

(1) 

The sinewaves are the easiest to generate in practice at 
the frequencies with adequate accuracy. From these 
reasons the sinewaves are used in many applications, 
such as communication, instrumentation and control. 
The sinewaves can be implemented with analog or 
digital circuitry. Due to its advantages conceming thc 
accuracy, speed and the easiest in establishing the 
parameters the microprocessors and the digital signal 
processors (DSP) are mostly employed for 
implementing the digital sinewave generators [l]-[3], 
The objective of this paper is the determination and 
the comparison of the performances of two methods 
in the implementation of a sinewave with a 16-bit 
fixed-point DSP-TMS320C5x. The methods are ones 
of the most used in the implementation of a digital 
sinewave: the recurrence formula method [1], [4] and 
the look-up-table (LUT) method [3]. 
Using each method the sinewaves are generated by 
simulation and by means of the TMS320C5x Starter 
Kit (DSK) board. The accuracy of the sinewave 
implemented was determinate by its dynamic 
parameters: signal-to-noise and distortion ratio 
(SINAD) and total harmonic distortion (THD). 
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Based upon (1), after some smiple algebra, the 
following recurrence relationship is achieved 

x[n] = 2ax[n - l ] - x[n -l] ^ - 2 ,3 ,4 . . . . (2) 

where: a = cos 2n 
fn 

J\ ) 
4 0 ] = O (from (D); 

( f ^ 
41]= /^sinj 2n— j ( f rom( l ) ) . 

V f s J 

Thus, from (2) it follows that the discrete-time 
sinewave .t[/7J can be implemented by means of a 
recurrence formula. 

B. fhe look'up'table (LUT) method 
If A' samples of the x[n\ = 0. 1, 2, . A-1) are 
acquired, then the relationship between the 
frequencies a n d / is given by 

L N (3) 
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where J is the number of sinewave cycles (J is an 
integer) and O < 6 < 1. 
For 5 = O the sampling process is coherent with the 
sinewave and (3) represents the coherent sampling 
relationship between the frequencies / „ and f , . In this 
case, based upon ( l ) , x[n] is periodically with the 
period M i e. = x[n + .V]. So, -t[/7] is completely 
represented by its first N sampies = O, 1, 2 , . . . V - 1 ) . 
The LUT method consists in the following two steps: 
step 1: The first N sampies of x[n] (a? = O, 1, 2, . . . , 
A -1) are stored in a memory (table). 
siep 2: The sinewave is generated by stepping the 
table, wrapping around at the end of the table 
whenever n > N, i.e. the following sequence is 
obtained 

x[n modulo /V], n = O, 1,2,... (4) 

X [n modulo A/], n = 0.. 1 ,2 , . . . (5) 

The errors between x[n] and ^[Aîjare ver>' small if K 
is high (K > 4096 sampies). 

III. SIMULATION RESULTS 

By each method the sinewaves are simulated using the 
simulator sim5x.exe given by Texas Instruments [5]. 
The sampies of the sinewaves were obtained by 
means of programs written in C. 
The dynamic pertbrmances SINAD and THD of the 
sinewaves were determinate by the algorithm 
proposed in [6]. The frequencies of the sinewaves 
were estimated by the interpolated fast Fourier 
transform (interpolated FFT) algorithm [7]. The 
Blackman-Harris - 1 9 I d B window [8] was employed 
for estimating the dynamic performances and the 
frequencies of the sinev\'aves. 
Fig. 1 shov^s the performances of the sinewaves 
implemented by the recurrence formula method at 
some frequencies. The sampies of the sinewaves were 

generated with 15.625 icHz sampling frequency. The 
sampling frequency of the acquisition process was 
equal to 15.625 kHz. Were acquired iV = 1024 
sampies. 

where n modulo N is the remainder of the division n/N 
when this quotient is computed as an integer. 
For 6 O the sampling process is noncoherent with 
the sinewave. In this case for implementing the 
sinewave by LUT method an algorithm is proposed. 
This algorithm consists in the following steps: 
step 1: A memory with a capacit> K sampies is 
considered. The values I r f j f s (/: = O, 1, 2, . . . , /O are 
computed. The k value for which k f j f , is the nearest 
closely to an integer number is determinate. This 
value ^ = /Vf (M < /O and ^ = where 
round(^) is the most closely integer to b. 

step 2: The frequency = qf ̂  i M is computed. 

step 3: The first sampies of x\n\ = 

A7 = O, 1, M-1, are stored in the memory. 
step 4: The sinewave îf^j] is generated by stepping 
through the table, wrapping around at the end of the 
table whenever n > N, i.e. the following sequence is 
obtained 

Recurrerce formula melrod 

Recurrence formula metrod 

Frequ©n--y [kHzj 

(b) 

Recurence formula method 

Fig 1. The performances o f the sinewaves implememed by ihe 
recurrence formula method 

In Fig. 2 are presented the performances of the 
sinewaves generated by the LUT method with the 
algorithm proposed at the same frequencies as for the 
sinewaves implemented by the recurrence formula 
method. The sampies of the sinewaves w^re generated 
with 15.625 kHz sampling frequency. The memor>' 
capacity was /C = 7 K sampies. The sampling 
frequency of the acquisition process was equal to 
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15.625 kHz and the number of samples acquired vvas 
A = 1024. 
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IV. EXPERIMENTAL RESULTS 

The experimental results were carried out by means of 
Ihe TMS320C5X DSK board [9]. The TMS320C5X 
DSK is a low-cost, simple, sland-alone application 
board equipped with the TMS320C50 DSP. DSK 
contains an analog interface circuit (AIC)-TLC32040, 
which provides the necessar>' conversion betvveen the 
analogue and digital domain. For this purpose it 
incorporates a band-pass antialiasing input filter, a 14-
bit analog-to-digital converter (ADC), a serial port by 
which AIC communicate with TMS320C50, a 14-bit 
digital-to-analog converter (DAC) and a low-pass 
output reconstruction filter. DSK is connected to a PC 
via a RS232 interface. 
The acquisition sysiem was also a TiVIS320C5X 
board. The experimental setup is presented in Fig. 3. 

Sinewave generator 

PC#1 

RS232 - ^ ^ ^ 

DSK5X board #1 

Acquisition 

RS232 " . 7 e o 

PC #2 
DSK5X board #2 

1 1.5 2 
Frequercy [kHzJ 

(C) 

Fig. 2. The performances of tlie sinewaves implemented by the 
LUT method with the algorithm proposed. 

From Figs. 1 and 2 it follows that the performances of 
the sinewaves implemented by the LUT method with 
the algorithm proposed are much higher than the ones 
obtained by using the recurrence formula method. 
These results are achieved because the samples of the 
sinewaves are obtained in the case of using the 
recurrence formula method, in comparison with the 
ones obtained by using the LUT method, after some 
operations with fixed-point arithmetic, which are 
affected by errors. However, the recurrence formula 
method leads, also, to very accurate results. 

Fig 3. The experimental setup. 

The same algorithms as in simulation estimated the 
dynamic performances and the frequencies of the 
sinewaves. 
Fig. 4 shows the performances of the sinewaves 
implemented by the recurrence formula method at the 
same frequencies as in simulation. The samples of the 
sinewaves were generated with 15.625 kHz sampling 
frequency. There were used two sampling frequencies 
fs = 7.95 kHz a n d = 15.625 kHz and were acquired 

1024 samples. 
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Fig 4. The performances o f the sinewaves implemented by the 
recurrence formula method at two sampling frequency of the 

acquisition process: 
fs = 7 .95 kHz (star) and./, = 15.625 kHz (circle). 

Fig. 5 presents the performances of the sinewaves 
generated by the LUT method with the algorithm 
proposed at the same frequencies as in simulation. 
There were used, also, two sampling frequencies of 
the acquisition process f , = 7.95 kHz and 
/ = l5.625kH2 and were acquired 1024 samples. 

Fig. 5. The performances o f the sinewaves implemented by the 
LUT method at two sampling frequency o f the acquisition process: 

= 7.95 kHz (star) a n d = 15.625 kHz (circle). 

By comparison the performances SINAD and THD of 
the sinewaves implemented with TMS320C5X DSK 
board at the acquisition sampling frequency 

fs = 15.625 kHz with the ones obtained from 
simulated sinewaves it follows that the performances 
are severely degraded because of the poor 
performances of the low-pass output reconstruction 
filter of the AIC [9]. Due to the behavior of the AIC 
output filter the dynamic performances of the 
sinewaves implemented by both methods are very 
close. However, the dynamic performances of the 
sinewaves are, in many cases, superior to the ones 
obtained with the analog sinewave oscillators. 
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From Figs. 4(c) and 5(c) it follows that the sinewaves 
frequencies are more accurate at small frequencies 
when the LUT method with the proposed algorithm is 
employed than when the recurrence formula method is 
used. 
.Ajiother important conclusion drawn from Figs. 4 and 
5 is that the performances of the sinewaves are not 
affected by the value of the sampling frequency of the 
acquisition process. 

V. CONCLUSION 

This paper was focused on the evaluation and the 
comparison of the performances of the sinewaves 
implemented with a 16-bit flxed point DSP-
TMS320C5X by two methods. These methods were 
ones of the most used in the implementation of a 
digital sinewave: the recurrence formula method and 
the LUT method. In the case in which the acquisition 
sampling process is noncoherent with the sinewave 
for implementing the sinewave by LUT method an 
algorithm is proposed. 
The simulation results indicate that the performances 
of the sinewaves implemented by the LUT method 
with the algorithm proposed are much higher than the 
ones obtained by using the recurrence formula 
method. The experimental results were carried out by 
means of the TMS320C5X DSK board. 
Unfortunately, the dynamic performances of the 
sinewaves implemented by this board are severely 
degraded by comparison with the simulated ones 
because of the poor performances of the low-pass 
output filter of the AIC of the DSK board. However, 
the dynamic performances obtained are, in many 
cases, superior than the ones provides by the analog 
sinewave osciilators. From the experimental results, it 
follows that the sinewaves frequencies are more 
accurate, at smaller frequencies, when the LUT 
method with the proposed algorithm is used. 
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