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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 Is divided Iinto n equal parts, where nis an integer, which has: means for
converting the integer n into angle data represented by binary 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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ABSTRACT OF THE DISCLOSURE

Disclosed is a phase angle data-trigonometric fun'ction 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 integer, which has: means for
converting the integer n into angle data represented by binary
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 correspondlng to the angle data toc Dbe
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

BACKGROUND OF THE INVENTION

This application 1is a division of Canadian Pate.nt

Appiication Serial Number 2}210,603 filed on July 16, 1997.
The claims of the parent application are diredted to a phase
angle data-trigonometric function value converter circuit.
However, in order to assist the reader to readily understand
the overall invention including all features which are
inextricab;y bound up 1in one and the same inventive concept,
the teac'hings of those features and the broad objects relating

thereto are all retained in the present description.

ihis invention relates to a computing circuit for computing
a trigonometric-function value from an angle datum to be input,
and moré particularly to, a phase angle data-trigonometric
function value cdn{rerter circult for converting pﬁase differencﬁe
data into trigonometric—-function values which is used in a radio
communication device which employs a composite divefsity
reception system in which radio-wave signals modulated Dby
quadrature phase shift keying (QPSK) are received by a plurality
of antennas and composed. Also, this invention relates to a
'compo.site diversity receiver which employs such a phase angle

data-trigonometric function value converter circuit.
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In conventional radio communication devices which employ a
composite diversity reception system in whicf:h. radlio-wave signals
20 ‘ 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 into trigonometric
function values is used to compute the phase difference data of
received radio waves by converting from a polar coordinates

25 system to a rectangular coordinates system.
Conventionally, to compute a trigonometric function wvalue
from angle data, a method of computing the trigonometric function
value by CPU is used for unpredictable inputs. 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.1l shows an example of such a conversion manner, where
sine values are stored corresponding to angles in a sine-wave
table and cosine vélues 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 in

ROM after a phase difference of input wave is calculated.

However, 1t 1s 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 lncreased
and the scale of the circuit is enlarged. On the other hand, the
conversion manner with a storage medium like ROM is suitable 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 capacity of 360

words 1s necessary.

Accordingly, it is an object of the invention to provide a
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phase angle data—trigonometric function value converter circuit
‘which Can be prod‘uced ét a2 lower manufacturing cost and with a
small-scale circuit composition. '

It 1s a further object of the invention to provide a
composite diversi.ty receiver which can be ‘produced at a. lower
manufacturing cost and with ‘a small-scale circuit composition.

The parent application No. 2,210,603 describes and cléims

a phase angle data-trigonometric function wvalue 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 integer, comprises:

means for converting the int'eger n intoc angle data
represented by binary system;

a sine ,va]_-ue ..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 whilich stores cosine values
corresponding to the angl’e data from zero degree to 90 degrees
and outputs cosine values corresponding to thé angle data to_b'e
input thereto;

a2 selector to which the sine values output from the sine
value data memory and ths cdsine values output from the cosine
value memory are input and which selects the sine values or the
cosine values according tc 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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Another aspect of the invention of Serial No. 2,210,603
provides a phase angle data-trigonometric function value
bonverter'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 integer, comprises:

means for converting the integer n into angle data

represented by binary systemn;

a sine wvalue data memory which .stores sine valuses
corresponding to the angle data from zero degree to 90 degrees
apd output's sine values corfesponding to low-order bits which are
input.és a remainder other than high-order two bits of theangie
data to the sine value data memoryf.

a cosine value data memory which stores cosine values
corresponding to the anglevdata 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 wvalues output from the cosiné
value memory are input and which selects the sine values or tﬁe
cosine values according to a second bit from a most significant
bit of'theangledata and outputs them;

& = guadrant  judgement means which outputs quadrant
information according to high-order two bits of the angle data
which is input thereto; and

means rfor adding a polarity sign to the sine values output

Irom 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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accerding to the quadrant information output from the quadrant
judgement means.
According to the present invention, there is provided a
composite diversity receiver comprising:

an IF signal' limiter for detecting a received. input
strength and amplitude-limiting an intermediate frequency of
a radio weve received by an antenna;

an instantaneous phase detector for conducting a sampling
of signals-outputvfrom the limiter at bitwtiﬁing:

a phase.difference.data generator for calculating a phase
differehce between neighbouring two bits; and -

a polar. coordinates/rectangular coordinates converter
which converts a polar coordihates data represented by an angle
© of the phase difference data and' the received signa_l strength
A detected by. the IF signal limiter into reetanguler
coordinates,data represehted by (A-:cos0, A?sine), .

wherein.tﬂuajpolar.coordinates/rectangular coordinator
converter comprises a phase angle-trigonometric function value

converter circuit as defined in Serial No. 2,210,603.

The: invention will Dbe explained in more detail in
conjunction with the appendeddrawings,wherein:"

FIG. 1 is .a Dblock diagram shoﬁing 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;

TR T
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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 wvalue 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 1s a quadrant Jjudgement circuit, ‘5 1is a sign-adding

circuit(sine), and 6 1s a sign-adding circuit(cosine). The

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

This invention 1s based on an angle of 360 degrees (2m)
being divided into n equal parts and an angle .data being
represented by a bit pattern whe:te n is represented by binary
system. For example, a case of dividing into 16 equal parts will
be éxplained 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 2nn/16, where n=0 to 15. For example,
‘when an angle data is '0100(=4)', the corresponding angle 1s
2x4xn/l6=n/2.

FIG.3 shows the angle data divided into 16 equal parts and
the corresponding sine values and cosine values. Now, if the
sine values and cosine values corresponding to the angle data
with angles of 0° or more and less than 90°(n/2) are named a sine
value table and a cosine value table, respectively, the following
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, if signs are
neglected, the absolute values of the sine.values are egual to

the sine value table at angles from 0° to 90°(m/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°(3w/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° (m/2), the sine value table at angles from 90° to 180°

(1), the cosine value table at angles from 180° to 270° (3m/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 gquadrant, '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) 1is increased. Namely,
even when the number of divided equal parts(the number of bits
as to angle data) 1s increased, the high-order two bits 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 equal to the cosine

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

rable at intervals of 90°. When the number of bits in the angle
data 1is increased, the contents of the sine value table and

cosine value table are fractionalized with the number of divided

equal parts.

These characteristics are summarily shown 1in FIG.3. The
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invéntion 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 oz 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 1n the cosine
value data memory 2. Also, when the data of MSB-l is '1', a sine
value output selector of the selector 3 outputs the values of the
cosine value table which are stored 1in the cosine value data
memory 2 and a cosine value output selector of the selector 3
outputs the values of the sine value table which are stored 1in
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 is 'l' in
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. In case of cosine value, the sign is '+' for the first
and fourth quadrants 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-adding
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 in the embodiment of the
invention, an angle of 360° is divided into n equal parts and n
is represented by binary-system angle data. Then, the absolute
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 binary
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 is selected and the sign +/- 1s added. Thus, the

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

On the other hand, this circuit can be adapted to a
composite diversity device with a quadrature phase shift
keying(QPﬂS.K) 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 explained 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 intermedlate frequency
of radio wave received by an antenna, an inst%nteneous 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 is represented by an
angle 6 of the phase difference data and the received signal
strength A to be detected by the IF signal limiter 1nto a
rectangular coordinates data represented by (A-cosB, A-sinf).
In this device, a rectangular coordinates system data to radio
wave received by each antenna system 1s output and then the

outputs of antenna systems are composed by a phase vector

composer. Then, the output of the composer 1s reconverted into

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 © 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-sinf), mavy comprise the phase
angle data-trigonometric function value converter circult in the
above embodiment of the invention. Thereby, the circuit
composition of the composite diversity device can be simplified.

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 with respect to
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.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN - EXCLUSIVE

PROPERTY OR PRIVILEGE 1S CLAIMED ARE DEFINED AS FOLLOWS:

1. A composite diversity receiver comprising:

an IF signal limiter for detecting a received input
strength and amplitude~-limiting an intermediate fregquency of
a radio wave recelived by an antenna;

an instantaneous phase detector for conducting a
sampling of signals output from the limiter at bit-timing;

a phase difference data generator for calculating.a
phase difference between neighbouring two bits; and

a polar coordinates/rectangulaf coordinates converter
which converts a polar coordinates data represented by an
ahgle'@ of the phase difference data and the receivéd signal
stréngth A detécted by the IF signal limiter into rectangular
coordinates data represented by (A:-cos©, A-sinf),

wherein the polar coordinates/rectangular coordinator
converter comprises 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 egqual parts, where n 1s an integer,
comprising:

means for'converting'said integer-n into angle data
repreSented by binary system;

a sine value data memory Which stores sine values
corresponding to sald angle data from 2zero degree to 90

degrees and outputs sine values corresponding to said angle
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data to be input thereto;

a cosine value data memory which stores cosine values
corresponding to sald angle data from 2zero 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 saild cosine values output from said

cosine value memory are input and which selects said sine
values or said cosine values according to said angle data and
oﬁtputs them; and

means for adding a polarity sign to said sine wvalues
or cosine values output from said selector according to said

angle data.

2. A composite diversity receiver comprising:

an IF signal limiter for detecting a receilved input
strength and amplitude-limiting an intermediate fréquency of
a radio wave received by an antenna;

an 1nstantaneous phase detector for cdnducting a
sampling of signals output from the limiter at bit-timing;

a phase difference data generator for calculating a
phase difference between neighbouring two bits; and

a polar coordinates/rectangular coordinat.es converter
which converts a polar coordinates data represented by an
angle 6 of the phase difference data and the received signal
strength A detected by the IF signal limiter into rectangular

coordlinates data repreSented by (A:rcosB, A:-s1ind),
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wherein the polar coordinates/rectangular coordinator
converter comprises a phase angle dat-a-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 1is an integer,
comprising:

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

a sine value data memory which stores sine wvalues
corresponding to salid angle data from 2zero degree to 90
degrees and outputs sine values correSponding to low-order
bitswhich.are.input.as a:remaihder other than high-order two
bits of said angle data to said 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 input as a remainder other than high-order two
bits of said angle data ﬁo sald coslne value data memory ;

a selector to which said sine values output from said
sine value data memory and salid cosine values output from said
cosine value memory are input and which selects said sine
values or said 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 dquadrant
information according to high-ofder two bits of said angle
data whichjis input thereto; and

means for adding a polarity sign to said sine values
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output from said selector according to said most significant
bit or adding a polarity sign to said cosine values output
from said selector according to said quadrant information

output from said quadrant judgement means.
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