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ABSTRACT

A QPSK demodulator that can be made smaller in size and
lower in cost by restricting a storage capacity needed for a
TAN! ROM to a minimum. Values of I and Q channel base band
signals obtained by converting and quantizing a received
signal is approximated to a nearest one of values on (2° + 1)
segment lines represented by Q=(n/2"°)I, where n=0, 1, ...,
283, with a phase accuracy of positive N bits. Data
corresponding to the approximated segment line is previously
stored in a'TANd'ROM as phase arithmetic data. An address
decoder converts each base band signal into an address. An
arithmetic circuit obtains phase data, for obtaining a QPSK
demodulated signal, by performing a predetermined arithmetic
operation, which is commensurate with the size of I and Q
channel base band signals, on phase arithmetic data stored 1in

the TAN-! ROM in association with the converted address.
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TITLE OF THE INVENTION

QPSK DEMODULATOR FOR

OBTAINING PHASE BY ARITHMETIC OPERATION

BACKGROUND OF THE INVENTION

1. Field of the Invention:

This 1nvention relates to a QPSK (Quadrature Phase Shift
Keying) demodulator, and more particularly to a QPSK
demodulator for obtaining a phase by an arithmetic operation
based on a received signal.

2. Description of the Related Art:

In conventional communication systems such as mobile
communication, satellite communication and mobile-satellite
communication, it has been common practice to use a
demodulator utilizing a QPSK demodulating method. This QPSK
demodulating method is exemplified by a method comprising the
steps of orthogonal-converting a received signal into an in-
phase component (I channel) and a quadrature component (Q
channel), then converting the converted quadrature component
signal into phase data and finally performing demodulation by

a maximum likelihood estimation method.

FIG. 5 of the accompanying drawings is a block diagram of

a conventional QPSK demodulator utilizing the above-mentioned

QPSK demodulating method. This conventional QPSK demodulator

comprises a quadrature converter 4 for orthogonal-converting a

signal, which is received from an input terminal 2, into an
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.innphase component (I channel) and a quadrature component (Q
channel), an analog-to-digital converter 6 for sampling and
quantizing the converted quadrature component sighal, an
address decoder 8 for converting combinations of I and Q
channels into addresses, a TAN' ROM 10 in which TAN-!(Q/I)
values are previously stored in association with every
combination of I and Q channel base band signals, and a
maximum likelihood estimation circuit 12 for QPSK demodulating
the phase of the converted-in-phase signal by a maximum
likelihood estimation method to output a signal from an output
terminal 14.

In operation, a received signal from the input terminal 2
is converted into an address for the-TAN'1 ROM 10 by the
address decoder 8 after being converted into I and Q channel
base band signals as it goes through the quadrature converter

4 and the analog-to-digital converter 6. The TAN™! ROM 10

previously stores a TAN*(Q/I) value 1in association with every
combination of I and Q channel base band signals I, Q. The
conﬁentional QPSK demodulator therefore converts the phase of
data corresponding to the converted address by fetching phase
data from the TAN' ROM 10. The maximum likelihood estimation
circuit 12 is for performing QPSK demodulation by maximum
likelihood estimation based on the input phase data. The thus
QPSK demodulated signals are outputted from the output

terminal 14.

However, in order to perform phase conversion according
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to the conventional art, it is necessary to store in the TAN-!
ROM a TAN(Q/I) value in association with every combination of
valués of I and Q channel base band signals, which means that
1t would be difficult to make the demodulator smaller in size

and lower 1n cost. Assuming that the I and Q channel base

band signals have a plus/minus 8 bit accuracy (-128 to 127),
phase has a positive 8 bit accuracy (0 to 255), and each
TAN'(Q/I) value is represented by 1 byte, it requires a TAN-!
ROM having a storage capacity of at minimum 65536 (=2%x2%) bytes

for all of 2° possible values of I and Q base band signals.

SUMMARY OF THE INVENTION

It 1s therefore an object of this invention to provide a

QPSK demodulator which can be made smaller in size and lower
in cost by restricting the storage capacity needed for a TAN-!

ROM to a minimum.

To accomplish the above object, according to a first
aspect of the invention, there is provided a QPSK demodulator
for obtaining phase data based on phase arithmetic data,
comprising: means for orthogonal-converting a received signal
into an in-phase component (hereinafter called "I channel")
and a quadrature component (hereinafter called "Q channel") in
quadrature and then converting phases of the I and Q channels
into phase data; and means for demodulating the phase data;
whereby values of base band signals of the I and Q channels
are approximated to values on line segments in IfQ channel

quadrature coordinates, and phase data is obtained based on

3
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phase arithmetic data corresponding to the approximated line
segments.

According to a second aspect of the invention, in the
first-named arrangement, if the phase is in a positive N bit
accuracy, the values of the I and Q channel base band signals
are approximated to nearest values on (2¥?®+ 1) of the line
segments represented by Q = (n/2"°)I1I, n=0, 1, 2, ..., 2V3.

Specifically, the conventional demodulator requires
position data corresponding to the value of every dot in the
I-Q channel quadrature coordinates. Whereas in this
invention, by approximating the value of a dot to the nearest
one of values on (2"’ + 1) segment lines represented by the
above-mentioned equation and storing only position arithmetic
data corresponding to the approximated segment lines, it is
possible to considerably reduce data to be previously stored
for obtaining the phase data.

Assuming that the phase is in a positive (N=) 8 bit
accuracy, the conventional demodulator requires all data to be
previously stored in association with 65536 dots, while the
demodulator of this inventidh requires only data to be
previously stored for 33 (2°° + 1) segment lines.

According to a third aspect of the invention, there is a
QPSK demodulator for orthogonal-converting a received signal
into an in-phase component (hereinafter called "I channel")
and a quadrature component (hereinafter called "Q channel"),

then converting phases of the I and Q channels into phase data



2180908

and performing demodulation based on the phase data, the QPSK
demodulator comprising: address converting means for
converting addresses of base band signals of the I and Q
channels into new addresses; storage means for storing phase
arithmetic data corresponding to the respective new
addresses; and an arithmetic circuit for obtaining the phase
data by performing predetermined arithmetic, which is
commensurate with the size of each of the I and Q channel base
band signals, on the phase arithmetic data specified by the
new addresses.

According to a fourth aspect of the invention, in the
third-named arrangement, the'arithﬁetic circuit obtains the
phase data (hereafter also represented by P) by using any

selected from the following arithmetic equations:

P = phase arithmetic data; I=0, Q=0, |I|=]|Q]
P = 7/2 - phase arithmetic data; I>0, Q0=0, |[I|<|Q]

P = /2 + phase arithmetic data; I<0, 0>0, |I|<]|Q]

P = r - phase arithmetic data; I=<0, Q>0, |I|=]|0Q|

P = 7 + phase arithmetic data; I<0, Q=<0, |I]|=]|Ql

P = 37/2 - phase arithmetic data; I<0, Q=<0, |I|<|Q]
P = 37/2 + phase arithmetic data; I=0, Q<0, |I|<|Q]
P = 27 - phase arithmetic data; I=0, Q<0, |I|=|0Q|

on the phase arithmetic data according to the sign of each of
the I and Q channel base band signal values I, Q and the

magnitude of an absolute value |I|, |Q| of the I and Q channel

base band signals.
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According to a fifth aspect of the invention, in the
third-named arrangement, 1f the phase is in a positive N bit
accuracy, the address converting means obtains an absolute
value ratio by dividing a smaller one of absolute values of
the I and Q channel base band signals by a larger one,

multiplies the ratio by 2"°, and rounds to an integer.

The demodulator of the third- through fifth-named
inventions operates based on the principle that the base band
signal values I, Q are approximated to values on segment lines
in I-Q channel quadrature coordinates. Since the storage
means can store only the phase arithmetic data corresponding
to these segment lines, it is possible to reduce the storage
capacity considerably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a QPSK demodulator according
to one embodiment of this invention;

FIG. 2 is a diagram of I-Q quadrature coordinates
representing I and Q channel base band signal values with a
phase accuracy of plus 8 bits, illustrating the principle of
this embodiment;

FIG. 3 1s a flowchart of a demodulating procedure of the
demodulator of the embodiment;

FIG. 4 is a diagram showing associating phase arithmetic
data with addresses in a TAN™' ROM with a phase accuracy of

plus 8 bits; and

FIG. 5 1s a block diagram of a conventional QPSK
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demodulator.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of this invention will now be
described with reference to the accompanying drawings.

FIG. 1 is a block diagram of a QPSK demodulator according
to one embodiment of this invention. Like reference numerals
designate parts or elements similar to those of the
conventional demodulator of FIG. 5. In the QPSK demodulator,
a quadrature converter 4 for orthogonal-converting a signal,
which is received from an input terminal 2, into an in-phase
component (I channel) and a quadrature component (Q channel),
an analog-to-digital converter 6 for sampling and Quantizing
the converted-in-quadrature signal, and a maximum likelihood
estimation circuit 12 for QPSK demodulating phase data of the
phase-converted signal to output a signal from an output
signal 14; these parts or elements may be identical with those
of the conventional demodulator. As a characteristic feature
of this invention, the QPSK demodulator of this embodiment
further comprises an address decoder 18 for converting
addresses of I and Q channel base band signals, a TAN! ROM 20
containing phase arithmetic data in association with the
respective addresses converted by the address decoder 18, and
an arithmetic circuit 22 for obtaining phase data by
performing predetermined arithmetic, which is commensurate

with the size of I and Q channel base band signals, on the

phase arithmetic data stored in the TAN' ROM 20 in association
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with the addressed converted by the address decoder 18.

The principle of this embodiment will now be described,
assuming that I and Q channel base band signals have a
plus/minus 8 bit accuracy (-128 to 127), phase has a positive
8 bit accuracy (0 to 255), and each data is represented by 1
byte.

FIG. 2 1s a diagram of I-Q quadrature coordinates
representing I and Q channel base band signal values with a
phase accuracy of positive 8 bits. Since each base band
signal has a plus/minus 8 bit accuracy, its value may be
~128<I<127 or -128<Q<127. 1In the conventional demodulator,
since it requires phase data corresponding to all dots, i.e.

65536 (=2°x2°), that formed the I and Q values for phase data

of every combination, the TAN™' ROM must have a storage
capacity of at least 65536 bytes.

This embodiment is characterized by the fact that a wvalue
of I and Q channel base band signals is approximated to the
nearest value on predetermined segment lines on the I-Q

channel quadrature coordinates. Namely, the ROM stores only

data associated with segment lines, rather than associating
phase data with respective dots. Each segment line is created
within a range of 0 to 45° about the original point. With a
phase accuracy of plus N bits, (2"?+ 1) segment lines, which
are represented by Q0=(n/2%°)I where n=0, 1, 2, ..., 2¥? are

described with the original point as a start point. In the

case of a positive 8 bit accuracy of FIG. 4, Q=nI/32 number of
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segment lines (n=0, 1, 2, ..., 32), i.e. 33, are described.
Accordingly the value (I, Q) of each base band signal on I-Q
coordinates is approximated to the nearest value on any of the
segment lines.

However, values of base band signals scattered in all
directions about the original point have to be represented by
values on the segment lines contained within a range of 0 to
45" (27 of 360° ) as mentioned above. This procedure is
performed in address decoder 18 which obtains an absolute
value ratio by dividing a smaller one of the I and Q channel
base band signal values |I|, |Q| by a larger one, multiplies
the ratio by 2"° and rounds to an integer. The value of this
integer is an address.

Thus, since each of the dot values on the I-Q coordinates
are approximated to a value of any of 33 segment lines, it is
necessary to previously store in the TAN™' ROM 20 only data
associated with the individual segment lines. The data
associating with the segment lines contained within the range
of 0 to 45° is phase arithmetic data.

In this embodiment, firstly the phase arithmetic data

associated with the addresses obtained by the address decoder

18 is obtained, and then, based on the phase arithmetic data,

phase data to be represented in a range of 360° are obtained

from real base band signal values I, Q. The arithmetic
circult 22 obtains phase data (P) according to the sign of

each of the I and Q channel base band signal values I, Q and

9
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the magnitude of an absolute value |I|, |Q| of the I and Q
channel base band signals, using any of eight arithmetic
equations described below. Each equation is associated with
each of divided regions different in phase one from another by
45° , with the original point of I-Q coordinates as a start
point.

With a positive 8 bit accuracy, the conventional
demodulator requires a TAN™' ROM storage capacity of 65536
bytes, while the demodulator of this embodiment requires only
33 bytes, which is about 1/2000 compared to the conventional
one.

Assuming that the phase is in a positive 9 bit accuracy,
since 65 (2°° + 1) segment lines are needed, the necessary
storage capacity of the TAN“'ROM 20 is 65 bytes, which is
about 1/4000 compared with 262144 (=2°x2°) bytes needed for the
storage capacity of the conventional demodulator. Also, with
an alternative phase accuracy, 1t is possible to reduce the
storage capacity of the TAN' ROM 20 considerably. Namely,
since it is possible to make the TAN' ROM 20 small in size,

downsizing of the entire demodulator can be realized.

The operation of the demodulator according to this

embodiment will now be described using the flowchart of FIG.
3.

A received signal fetched to the input terminal 2 is
converted into I and Q channel base band signals as it passes

through the quadrature converter 4 and the analog-to-digital

10
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converter 6 (step 101). The address decoder 18 converts the
address of I and Q channel base band signals (step 102) in the
following manner. An absolute value ratio is obtained by
dividing a smaller oné of the I and Q channel base band signal
values |I|, |Q| by a larger one. With a phase accuracy of
positive N bits, the ratio is multiplied by 2"’ and rounded to
an integer. The address decoder 18 converts the address of
the I and Q channel base band signals. If both the base band
signal values I, Q are 0, the address is converted to 0.
Then, the arithmetic circuit 22 obtains phase arithmetic
data based on the address from the address decoder 18 (step

103). FIG. 4 1is a list of phase arithmetic data associated

with addresses of the TAN™' ROM 20 with a phase accuracy of

positive (N=) 8 bits. The address decoder 18 convert the base
band signals into values of 0 through 32 with the phase in a
positive 8 bit accuracy. Since the phase arithmetic data
corresponding to the respective addresses are previously set
in the TAN' ROM 20, the arithmetic circuit 22 fetches from the

TAN' ROM 20, the phase arithmetic data associated with the
addresses received from the address decoder 18.

The arithmetic circuit 22 calculates a phase by
performing a predetermined arithmetic operation, which is
commensurate with the size of I and Q channel base band
signals, on the phase arithmetic data obtained in the
foregoing procedure (step 104). In this specification, the

term "magnitude" means the sign of each of I and Q channel

11
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base band signals as well as the magnitude of an absolute
value of each base band signal. The arithmetic circuit 22 can
obtain the phase using any selected from the following

predetermined arithmetic equations based on this magnitude.

P = phase arithmetic data; I=0, Q0=0, |I|=|Q]

n/2 - phase arithmetic data; I>0, Q=0, |I|<|Q|

P
P = n/2 + phase arithmetic data; I=<0, 0>0, |I|<|Q|
P = m - phase arithmetic data; I=<0, Q>0, |[I|[=]Q]

P = = + phase arithmetic data; I<0, Q=<0, |I|=|Q]|

P = 3n/2 - phase arithmetic data; I<0, Q=<0, [I|<]|Q]
P = 37/2 + phase arithmetic data; I=0, Q<O0, | I|<]|Q]|
P = 2n - phase arithmetic data; 120, Q<0, |I|=]|Q|

The maximum likelihood estimation circuit 12 performs QPSK
demodulation by a maximum likelihood estimating method based
on the phase data obtained by the arithmetic circuit 22 (step
105). The thus obtained QPSK demodulated signal is outputted
from the output terminal 14.

As mentioned in the foregoing description, in this
embodiment, the value of the I and Q channel base band signals
is approximated to a value on a predetermined segment line on
the I-Q channel quadrature coordinates, and phase data is
calculated based on the phase arithmetic data associated with
the individual segment data. Accordingly, since (2%° + 1)
bytes corresponding to the number of segment lines suffice for
the storage capacity of the TAN™' ROM 20, it is possible to

reduce the storage capacity considerably so that the

12
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demodulator can be downsized with minimum cost.

13
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What is claimed 1is:

1. A QPSK demodulator comprising:

(a) means for orthogonal-converting a received signal
into in-phase base band data (hereinafter called “T channel”)
and quadrature base band data (hereinafter called “Q
channel”) ;

(b) means for quantizing said I and Q base band data into
respective I and Q digitized data;

(c) means for approximating demodulated phase data of

arithmetic calculation on said I and Q base band data and said
I and Q digitized data.

2. A QPSK demodulator according to claim 1, wherein
sald means for approximating comprises means for approximating
demodulated phase data of said I and Q base band data to
nearest values on (2%* + 1) of said predetermined phase line
segments in I-Q channel quadrature coordinates represented by
Q = (n/2¥3*)I, n =10, 1, ..., 2¥3 for said base band I and O
data having a positive N bit accuracy, by an arithmetic
calculation on said I and Q base band data and said I and O
digitized data.

3. A QPSK demodulator for orthogonal-converting a
received signal into an in-phase component (hereinafter called
"I channel”) and a quadrature component (hereinafter called “Q

channel”), then quantizing said I and Q components of said

14
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received signal into respective I and Q digitized data and
performing demodulation based on said digitized data, said

QPSK demodulator comprising:

(a) address decoding means for receiving said I and Q
digitized data and converting said I and O digitized data into
new storage addresses representing predetermined phase line
segments;

(b) storage means for receiving said new storage
addresses and outputting phase arithmetic data corresponding
to said predetermined phase line segments; and

(¢) arithmetic circuit means for receilving said I and O
base band data and said phase arithmetic data and outputting
approximated demodulated phase data by performing a
predetermined arithmetic operation, which is commensurate with
the size of each of said I and Q base band data and said phase
arithmetic data.

4 A QPSK demodulator according to claim 3, wherein
sald arithmetic circuit means comprises arithmetic circuit
means for receiving said I and Q base band data and said phase
arithmetic data and outputting approximated demodulated phase
data (hereafter also represented by P) by performing a
predetermined arithmetic operation on said I and Q base band

data and said phase arithmetic data as follows:

P = phase arithmetic data, for I>0, Q>0, |[I|2]Q

=
!

P = n/2 - phase arithmetic data, for I>0, Q20, |I|<|Q|;

4o,
Il

.
7

n/2 + phase arithmetic data, for I<0, Q>0, |I|<|Q

15
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P = o - phase arithmetic data, for I<0, Q>0, 1I]>|Q];

® = I + phase arithmetic data, for I<0, Q<0, |[I|2|Q];

4e
|

3n/2 - phase arithmetic data, for I<0, Q<0, |I|<]|Q

-
1

P = 3n/2 + phase arithmetic data, for I»>0, 0Q<0, |I|<|Q] and
P = 2n - phase arithmetic data, for I20, Q<0, |I|2]Q|;
where |I| and |Q| represent the magnitude of an absolute value
of said I and Q channel base band signals.
5. A QPSK demodulator according to claim 3, wherein
sald address decbding means comprises address decoding means
for receiving said I and Q digitized data and converting said

I and Q digitized data into new storage addresses representing

predetermined phase line segments, by obtaining an absolute

value ratio by dividing a smaller one of said base band I and
Q signals by a larger one, multiplying said ratio by 2%¥3 and
rounding to an integer, for said base band data having a
positive N bit accuracy.

6 . A QPSK demodulator comprising:

(a) quadrature converting means for converting signals
received from an input terminal into an in-phase component
(hereinafter called “I channel”) and a quadrature component
(hereinafter called “Q channel”) ;

(b) analogue-to-digital converting means for sampling and
digitizing said converted quadrature I and Q signals;

(c) address converting means for converting addresses of
sald digitized I and Q signals into new addresses representing

digital values on predetermined line segments in I-Q channel

16
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quadrature coordinates;

(d) storage means for storing phase arithmetic data
corresponding to said respective new addresses;

(e) arithmetic circult means for receiving said I and O
base band data and said phase arithmetic data and outputting
approximated demodulated phase data by performing a
predetermined arithmetic operation, which is comensurate with
the size of each of said I and Q base band data and said phase
arithmetic data; and

(f) a maximum likelihood estimation circuit for QPSK
demodulating saild approximated demodulated phase data of said
received signal, which 1s converted in phase, by a maximum
likelihood estimation method.

7 . A QPSK demodulator according to claim 6, wherein
salid arithmetic circuit means comprises arithmetic circuit
means for receiving salid I and Q base band data and said phase
arithmetic data and outputting approximated demodulated phase
data (hereafter also represented by P) by performing a
predetermined arithmetic operation on said I and Q base band

data and said phase arithmetic data as follows:

P = phase arithmetic data, for I>0, Q20, |I|2|Q|;

P = n/2 - phase arithmetic data, for I>0, Q20, |I|<|Q|;
P = n1/2 + phase arithmetic data, for I<0, 0>0, LIPJQ\;
P = n - phase arithmetic data, for I<0, Q>0, |I|2|Q};

P = n + phase arithmetic data, for I<0, Q<0, |I|2|Q|;

P = 3n/2 - phase arithmetic data, for I<0, Q<0, |I|<|Q}|;

17
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P = 3n/2 + phase arithmetic data, for I20, Q<0, |I|<|Q| and

P = 2n - phase arithmetic data, for I>0, Q<0, |I|z|Q];
where |I| and |Q| represent the magnitude of an absolute value
of said I and Q channel base band signals.

8 . A QPSK demodulator according to claim 6, wherein
said address decoding means comprises address decoding means
for receiving saild I and Q digitized data and converting said
I and Q digitized data 1nto new storage addresses representing
predetermined phase line segments, by obtalning an absolute
value ratio by dividing a smaller one of absolute values of
said base band I and Q signals by a larger one, multiplying
said ratio by 2%3 and rounding to an integer, for said base

band data having a positive N bit accuracy.
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