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(57) L'mvention est un circuit convertisseur de valeurs de (57)Disclosed 1s a phase angle data-trigonometric
fonction trigonometrique d'angle de phase utilis€ dans le function value converter circuit for computing a
calcul de la valeur d'une fonction trigonomeétrique d'un trigonometric function value corresponding to an angle
angle ¢gal a 360/N degres ou N est un nombre entier. Le that an angle of 360 degrees 1s divided 1nto n equal parts,
circuit de Il'mvention comporte un dispositif de where n 1s an iteger, which has: means for converting
conversion de l'entier N en un angle exprime dans le the mteger n mnto angle data represented by binary
systeme binaire; une memoire servant a stocker et a system; a smme value data memory which stores sine
reproduire les simnus d'angle allant de zéro degre a 90 values corresponding to the angle data from zero degree
degres; une meémoire servant a stocker et a reproduire les to 90 degrees and outputs sine values corresponding to
cosmnus d'angle allant de z¢ro degre a 90 degres, un the angle data to be mput thereto; a cosine value data
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selecteur dans lequel sont mtroduits les sinus et les
cosinus stockeés dans leurs meémorires respectives qui
choisit les smus ou les cosmnus selon l'angle et les
reproduit; et un dispositif servant a ajouter, selon l'angle,
un signe positif ou négatif au sinus ou au cosinus produit
par le s¢lecteur.
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memory which stores cosine values corresponding to the
angle data from zero degree to 90 degrees and outputs
cosine values corresponding to the angle data to be mput
thereto; a selector to which the sine values output from
the sine value data memory and the cosine values output
from the cosine value memory are mput and which
selects the sine values or the cosine values according to
the angle data and outputs them; and means for adding a
polarity sign to the sine values or cosine values output
from the selector according to the angle data.
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ABSTRACT OF THE DISCLOSURE

Disclosed is a phase angle data-trigonometric function value
converter circuit for computing a trigonometric function value
corresponding to an angle that an angle of 360 degrees 1s divided
into n equal parts, where n is an integer, which has: means for
converting the integer n into angle data represented by bilnary

system; a sine value data memory which stores sine values

corresponding to the angle data from zero degree to 90 degrees
and outputs sine values corresponding to the angle data to be
input thereto; a cosine value data memory which stores cosine
values corresponding to the angle data from zero degree to 90
degrees and outputs cosine values corresponding to the angle data
to be input thereto; a selector to which the sine values output
from the sine value data memory and the cosine values output from
the cosine value memory are input and which selects the sine
values or the cosine values according to the angle data and
outputs them; and means for adding a polarity sign to the sine

values or cosine values output from the selector according to the

angle data.
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PHASE ANGLE DATA-TRIGONOMETRIC FUNCTION VALUE CONVERTER CIRCUIT

AND COMPOSITE DIVERSITY RECEIVER

This invention relates to a computing circuit for computing
a trigonometric-function value from an angle datum to be input,
and more particularly to, a phase angle data-trigonometric
function value converter circult for converting phase difference
data 1nto trigonometric-function values which is used in a radio
communication device which employs a composite diversity
reception system in which radio-wave signals modulated by

quadrature phase shift keying (QPSK) are received by a plurality

of antennas and composed. Also, this 1invention relates to a
composite diversity receiver which employs such a phase angle

data-trigonometric function value converter circuit.

In conventional radio communication devices which employ a
composite diversity reception system in which radio-wave signals
modulated by a quadrature phase shift keying(QPSK) manner are
received by a plurality of antennas and composed, means for
converting phase difference angle data 1into trigonometric

function values 1is used to compute the phase difference data of

received radio waves by converting from a polar coordinates

system to a rectangular coordinates system.
Conventionally, to compute a trigonometric function value
from angle data, a method of computing the trigonometric function

value by CPU is used for unpredictable 1inputs. On the other

hand, for predictable inputs a conversion manner that calculation
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results are registered in a ROM table etc. 1is used and a
calculation result written therein 1s accessed and output

according to an input address related to an angle data.

FIG.1 shows an example of such a conversion manner, where
sine values are stored corresponding to angles 1n a slne-wave
table and cosine values are stored corresponding to angles in a
cosine-wave table. When an angle data is input, a sine value and

a cosine value are output corresponding to an address related to

the angle data.

Japanese patent application laid-open No. 7-307724(1995)
discloses a diversity device which employs a like conversion
manner which, when composite diversity 1s conducted, calculates
a trigonometric function value from a value previously stored 1n

ROM after a phase difference of 1nput wave 1s calculated.

However, it is not desirable that the method of computing
the trigonometric function value by CPU be used for predictable
inputs, since the manufacturing cost of the device is increased
and the scale of the circuit is enlarged. On the other hand, the
conversion manner with a storage medium like ROM is sultable for
providing a low-cost device and a smaller circuit. However, a
large storage medium is reguired when the angle data to be input

is fractionalized to improve the precision. For example, when

it is fractionalized to one degree, a storage capaclty of 360

words 1s necessary.

Accordingly, it 1s an object of the invention to provide a
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phase angle data-trigonometric function value converter circuit
which can be produced at a lower manufacturing cost and with a
small-scale circuit composition.

It is a further object of the invention to provide a
composite diversity receiver which can be produced at a lower
manufacturing cost and with a small-scale circuit composition.

According to the invention, a phase angle data-trigonometric
function value converter circuit for computing a trigonometric
function value corresponding to an angle that an angle of 360
degrees is divided into n equal parts, where n is an 1integer,
comprises:

means for converting the integer n 1intoc angle data
represented by blnary system;

a sine value data memory which stores sine values
corresponding to the angle data from zero degree to 90 degrees
and outputs sine values corresponding to the angle data to be
input thereto;

a cosine value data memory which stores cosine values
corresponding to the angle data from zero degree to 90 degrees
and outputs cosine values corresponding to the angle data to be
input thereto;

a selector to which the sine values output from the sine
value data memory and the cosine values output from the cosine
value memory are input and which selects the sine values or the
cosine values according to the angle data and outputs them; and

means for adding a polarity sign to the sine values or
cosine values output from the selector according to the angle

data.
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According to another aspect of the invention, a phase angle
data-trigonometric function value converter circuilt for computing
a trigonometric function value corresponding to an angle that an
angle of 360'degrees is divided into n equal parts, where n 1s
an integer, comprises:

means for converting the 1integer n 1into angle data
represented by blnary system;

a sine value data memory which stores sine values
corresponding to the angle data from zero degree to 90 degrees
and outputs sine values corresponding to low-order bits which are
input as a remainder other than high-order two bits of the angle
data to the sine value data memory;

a cosine value data memory which stores cosine values
corresponding to the angle data from zero degree to 90 degrees
and outputs cosine values corresponding to low-order bits which
are input as a remainder other than high-order two bits of the
angle data to the cosine value data memory;

a selector to which the sine values output from the sine
value data memory and the cosine values output from the cosilne
value memory are input and which selects the sine values or the
cosine values according to a second bit from a most significant
bit of the angle data and outputs them;

a quadrant judgement means which outputs quadrant

information according to high-order two bits of the angle data
which is input thereto; and

means for adding a polarity sign to the sine values output
from the selector according to the most significant bit or adding

a polarity sign to the cosine values output from the selector
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according to the quadrant information output from the quadrant

judgement means.

The invention will be explained 1in more detail 1in

conjunction with the appended drawings, wherein:

FIG. 1 1is a Dblock diagram showing the conventional

conversion-table system;

FIG. 2 is a block diagram showing a phase angle data-

trigonometric function value converter circuit according to a

preferred embodiment of the invention;

FIG. 3 is a table for explaining relationships among
angle data divided into 16 equal parts, sine values and cosine

values; and

FIG.4 is a table for explaining relationships between sine

values and cosine values in case of angle data divided into n

equal parts.

A phase angle data-trigonometric function value converter

circuit according to preferred embodiment of the invention will

be explained in FIG. 2.

In FIG.2, 'IN' is an input terminal for low-order bit of
phase angle data, 1 is a sine value data memory, 3 is a selector,
4 is a quadrant judgement circuit, 5 1s a sign—-adding
circuit(sine), and 6 is a sign-adding circuit(cosine).  The

quadrant judgement circuit 4 and the sign-adding circuit(sine)
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5 are individually provided with a terminal where the MSB (most
significant bit) of phase angle data is 1nput. The selector 3
and the quadrant judgement circuit 4 are 1individually provided
with a terminal where MSB-1(second bit from MSB) of phase angle
data. The sign-adding circuit(cosine) 6 1is provided with a
terminal where an output of the quadrant judgement circult 4 1s
input. Sine value data and cosine value data are output from
'OUT1' and 'OUT2', respectively.

This invention is based on an angle of 360 degrees (2m)
being divided into n equal parts and an angle data belng
represented by a bit pattern where n is represented by binary
system. For example, a case of dividing into 16 equal parts will
be explained below.

Angle data divided into 16 equal parts are represented by
4-bit binary numbers '0000' to "1111°'. The angle data
represents an angle of 2nmn/16, where n=0 to 1>5. For example,
‘when an angle data is '0100(=4)', the corresponding angle 1s
2x4xn/l1é6=n/2.

FIG.3 shows the angle data divided into 16 equal parts and
the corresponding sine values and cosine values. Now, 1f the
sine values and cosine values corresponding to the angle data
with angles of 0° or more and less than 90°(m/2) are named a sine
value table and a cosine value table, respectively, the followlng
characteristics are found in FIG.3.

The first characteristic is that, paying attention to the
repetition of low-order two bits of the angle data, 1if signs are

neglected, the absolute values of the sine values are equal to

the sine value table at angles from 0° to 90°(mn/2), the cosine
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value table at angles from 90° to 180°(n), the sine value table

at angles from 180° to 270°(3n/2) and the cosine value table at

angles from 270° to 360°. Similarly, the absolute values of the
cosine values are equal to the cosine value table at angles from
0° to 90° (r1/2), the sine value table at angles from 50° to 180°
(1), the cosine value table at angles from 180° to 270° (31/2)

and the sine value table at angles from 270° to 360°.

The second characteristic is that, paying attention to the
high-order two bits(MSB and MSB-1(second bit from MSB)) of the
angle data, '00' corresponds to the first quadrant, '01" to the
second quadrant, '10' to the third quadrant and '11' to the
fourth quadrant.

The two characteristics are maintained even when the number
of divided equal parts(the number of bits) is increased. Namely,
even when the number of divided equal parts(the number cf bits
as to angle data) is increased, the high-order two bilts always
give a certain quadrant and, with the variation in the low-order
two bits, the absolute value of the sine value are alternately
equal to the sine value table, cosine value table, sine value
table and cosine value table at intervals of 90° and the absolute
value of the cosine value are alternately egual to the cosine

value table, sine value table, cosine value table and sine value

table at intervals of 90°. When the number of bits in the angle

data is increased, the contents of the sine wvalue table and

g—

cosine value table are fractionalized with the number of divided

equal parts.

These characteristics are summarily shown in FIG.3. The
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invention utilizes the two characteristics.

Next, the operation of the phase angle data-trigonometric
function value converter circuit in the preferred embodiment of
the invention will be explained with reference to FIGS. 2 to 4.

A sine value data memory 1 and a cosine value data memory
2 in FIG.2 store the sine value data and the cosine value data,
respectively, at angles of 0° or more and less than 90°
corresponding to the number of bits as to angle data which
depends on the number of divided equal arts. Namely, in the case
of 16 divided equal parts, there are four individual angle data
to be stored.

Based on the first characteristic, the sine value table and
the cosine value table alternate between the.sine value and the
cosine value depending on the variation of MSB-1(second bit from
MSB) .

Accordingly, when the data of MSB-1 is '0', a sine value
output selector of the selector 3 outputs the values of the sine
value table which are stored in the sine value data memory 1 and
a cosine value output selector of the selector 3 outputs the
values of the cosine value table which are stored in the cosilne
value data memory 2. Also, when the data of MSB-1 1s '1°, & sine
value output selector of the selector 3 outputs the values or the

cosine value table which are stored in the cosine value data

the sine value data memory 1.

The low-order bits other than the high-order two bits of the

angle data are input to the sine value data memory 1 and the
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cosine value data memory 2 from the input terminal '"IN', and then
the corresponding sine value data and cosine value data are
output to the sine value output selector and the cosine value
output selector of the selector 3 therefrom.

A sign to be added to the absolute values output from the
selector 3 is '+' when MSB is '0' and is '-' when MSB 1s '1' 1in
case of sine value. Therefore, MSB is input to the sign-adding
circuit(sine) 5, where the sign is varied depending on the value
of MSB. 1In case of cosine value, the sign 1s '+' for the first
and fourth gquadrants and is '-' for the second and third
quadrants. Therefore, MSB and MSB-1 are input to the quadrant
judgement circuit 4, and then quadrant information is output from
the quadrant judgement <circuit 4 to the sign-addilng
circuit(cosine) 6 to vary the sign to be added to the cosine
value.

As explained above, in the phase angle data-trigonometric
function value converter circuit 1in the embodiment o©f the
invention, an angle of 360° is divided into n equal parts and n
is represented by binary-system angle data. Then, the absoclute
values of the sine value data and cosine value data at angles
from 0° to 90° corresponding to the angle data are individually
stored in the memories. Using the remainder bits other than the
high-order two bits of the angle data represented by the blnary
system, the sine value data and cosine value data corresponding
to the angle data are output. Further, using the high-order two
bits of MSB and MSB-1, the sine value data or the cosine value

data 1is selected and the sign +/- 1s added. Thus, the

composition of the phase angle data-trigonometric function value
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converter circuit in the embodiment is simplified.

On the other hand, this cilrcuit can be adapted to a
composite diversity device with a quadrature phase shift
keying (QPSK) manner. Thereby, a composite diversity device with

a simpler circuit composition can be realized.

A composite diversity device in a preferred embodiment of
the invention will be explalned below.

The composite diversity device comprises, to each antenna
system, an IF signal limiter which de.tects a received signal
strength as well as amplitude-limiting an intermediate frequency
of radio wave received by an antenna, an 1nstantaneous phase
detector which conducts the sampling of signals output from the
limiter at bit- timing, a phase difference data generator which
calculates a phase difference between neighboring two bits, and
a polar coordinates/rectangular coordinates converter which
converts a polar coordinates data which 1s represented by an
angle 6 of the phase difference data and the received signal
strength A to be detected by the IF signal limiter into a
rectangular coordinates data represented by (A-cosf, A-sinb).
In this device, a rectangular coordinates system data to radio
wave received by each antenna system 1is output and then the
outputs of antenna systems are composed by a phase vector
composer. Then, the output of the composer is reconverted 1into

a polar coordinates data by a rectangular coordinates/polar

coordinates converter, and decoding thereof is conducted by a
data decoder to output a decoded data. Further, a timing

reproducer reproduces a bit rate clock and a symbol rate clock

synchronizing with the received signal.
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In this composite diversity device, the polar
coordinates/rectangular coordinates converter, which converts a
polar coordinates data which is represented by an angle 6 of the
phase difference data and the received signal strength A to be

5 detected by the IF signal limiter into a rectangular coordinates
data represented by (A-cosf, A-sinf), may comprise the phase
angle data-trigonometric function value converter circuit 1in the
above embodiment of the invention. Thereby, the circuit
composition of the composite diversity device can be simplified.

10 Meanwhile, the use of a phase angle data-trigonometric
function value converter circuit of the invention is not limited

to composite diversity devices.

Although the invention has been described wilith respect to

15 specific embodiment for complete and clear disclosure, the
appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art which

fairly fall within the basic teaching here as set forth.

20
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY

OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A phase angle data-trigonometric function value
converter circuilt for computing a trigonometric function wvalue
corresponding to an angle that an angle of 360 degrees igs divided
1into n equal parts, where n is an integer, comprising:

means for converting said integer n into angle data
represented by binary system;

a since value data memory which stores sine values
corresponding to said angle data from zero degree to 90 degrees
and outputs since values corresponding to said angle data to be
input thereto;

a cosine value data memory which stores cosine values
corresponding to said angle data from zero degree to 90 degrees
and outputs cosine values corresponding to said angle data to be
input thereto;

a selector to which said sine values output from said
sine value data memory and said cosine values output from said
cosine value memory are input and which selects said sine values
or sald cosine values according to said angle data and outputs
them; and

means for adding a polarity sign to said sine values

or cosine values output from said selector according to said

angle data.

2. A phase angle data-trigonometric function wvalue

converter circulit for computing a trigonometric function wvalue
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corresponding to an angle that an angle of 360 degrees is divided
into n equal parts, where n is an integer, comprising:

means for converting said integer n into angle data
represented by bilnary system;

a sine value data memory which stores sine values
corresponding to said angle data from zero degree to 90 degrees
and outputs sine values corresponding to low-order bits which are
input as a remainder other than high-order two bits of said angle
data to sailid sine value data memory;

a cosine value data memory which stores cosine values

corresponding to said angle data from zero degree to 90 degrees

and outputs cosine values corresponding to low-order bits which
are 1nput as a remainder other than high-order two bits of said
angle data to said cosine value data memory;

a selector to which said sine values output from said
sine value data memory and said cosine values output from said
cosline value memory are input and which selects said sine values
or sald cosine values according to a second bit from a most
significant bit of said angle data and outputs them;

a quadrant Judgement means which outputs gquadrant
information according to high-order two bits of said angle data

which 1s 1nput thereto; and

means for adding a polarity sign to said sine values

output from said selector according to sald most significant bit

or adding a polarity sign to sald cosine values output from said

selector according to salid quadrant i1nformation output from said

quadrant judgement means.
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