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(57) ABSTRACT 

In the conventional diversity reception, information 
included in each non-selected signal does not contribute to 
an improvement in the reliability of communications, and 
transmitting poWer has been dissipated to satisfy required 
communication quality. Owing to the setting of encoding in 
respective base stations to injection, signals each including 
the same contents, Which are received by a mobile station, 
are used for increasing the reliability of communications 
Without depending on the number of the signals Which Were 
capable of being received by the mobile station, to thereby 
reduce transmitting poWer for satisfying required commu 
nication quality. 
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DIVERSITY WIRELESS COMMUNICATION 
METHOD AND ITS WIRELESS COMMUNICATION 

APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a mobile Wireless 
communication system. The present invention also relates 
particularly to a diversity Wireless transmitting/receiving 
system for transmitting data each including the same con 
tents from a plurality of transmitting stations and performing 
diversity reception of the data by a receiving station. 

[0002] In a mobile communication in Which communica 
tions are conducted betWeen base stations and a mobile 
station, a system has been adopted in Which the mobile 
station performs diversity reception of signals each includ 
ing the same contents from a plurality of the neighboring 
base stations. As one example of this type of diversity 
reception system, Japanese Patent Laid-open (Kokai) No. 
Hei 5-83181 discloses a system Wherein an error check is 
made to each of a plurality of received signals identical in 
contents and one signal determined to be free of an error is 
selected. 

SUMMARY OF THE INVENTION 

[0003] In the aforementioned conventional system, infor 
mation included in each signal non-selected as a result of the 
error check does not contribute to an improvement in the 
reliability of communications. As a result, transmitting 
poWer has been dissipated to satisfy required communica 
tion quality. 

[0004] In the present invention, such a con?guration that 
information included in all the signals to be selected can be 
effectively utiliZed, is adopted to reduce transmitting poWer 
for satisfying required communication quality. Described 
speci?cally, respective base stations respectively transmit 
those obtained by dividing a code Word in an error correcting 
code, and a mobile station combines fragments of the 
divided code Words and decodes the combined one, thereby 
bringing information to a high degree of reliability. The 
folloWing problems arise at this time. 

[0005] Upon ?rstly establishing the mobile communica 
tion, the existing locations of a mobile station are roughly 
divided into the tWo as folloWs: 

[0006] (1) When the mobile station exists in a location 
Where it can receive signals With suitable intensity 
from a plurality of base stations due to reasons such 
as the passage of the mobile station through a point 
located midWay betWeen the plurality of base sta 
tions. 

[0007] (2) When the mobile station exists in a location 
Where it is able to receive a signal with sufficient 
intensity from a given base station but unable to 
receive signals With suitable intensity from other 
base stations due to the reason that it is far distant 
therefrom, for example. 

[0008] Thus, the mobile station is not alWays able to 
receive signals identical in contents from a plurality of base 
stations corresponding to the ever-stable number of base 
stations. Namely, the fragments of the code Words are not 
alWays complete or available. Therefore, the mobile station 
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has to be able to decode desired information even from one 
received signal from one arbitrary base station, i.e., one 
arbitrary fragment of each code Word. 

[0009] The present invention has been completed to solve 
the foregoing problems. OWing to the setting of encoding in 
respective base stations to injection, signals each including 
the same contents, Which are received by a mobile station, 
are used for increasing the reliability of communications 
Without depending on the number of the signals Which Were 
capable of being received by the mobile station, thereby 
reducing transmitting poWer for satisfying required commu 
nication quality. Further, a Wireless apparatus according to 
the present invention comprises a plurality of Wireless 
transmitting stations each provided With a transmitting 
antenna, a transmitter capable of transmission through a 
pre-speci?ed radio channel, an encoder for performing 
encoding processing corresponding to the radio channel, and 
a data input interface for obtaining data to be transmitted 
from an external device; and a Wireless receiving station 
including a receiving antenna, a receiver capable of inde 
pendently receiving signals from a plurality of radio chan 
nels, a plurality of buffers for respectively storing received 
data therein according to the received radio channels, a 
selector A for reading the data from the plurality of buffers 
and sending the data to either one of a plurality of decoders 
and a data combiner according to the read buffers, the data 
combiner for combining data in predetermined order, a 
plurality of decoders for respectively executing predeter 
mined decoding processes, a selector B for selecting 
decoded data in interlock With the selector A and outputting 
the same therefrom, and a data output interface for supplying 
the received and decoded data to an external device. 

[0010] These and other objects and many of the attendant 
advantages of the invention Will be readily appreciated as 
the same becomes better understood by reference to the 
folloWing detailed description When considered in connec 
tion With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The present invention Will be described With ref 
erence to the accompanying draWings in Which: 

[0012] FIG. 1 is a diagram for describing one example of 
a diversity radio communication apparatus according to the 
present invention; 

[0013] FIG. 2 is a diagram for describing another example 
of a diversity radio communication apparatus according to 
the present invention; 

[0014] FIG. 3 is a diagram for describing a further 
example of a diversity radio communication apparatus 
according to the present invention; 

[0015] FIG. 4 is a diagram for describing a still further 
example of a diversity radio communication apparatus 
according to the present invention; 

[0016] FIG. 5 is a diagram shoWing one example of an 
effect of the present invention; 

[0017] FIG. 6 is a diagram for describing one condition 
for calculations upon shoWing one example of the effect of 
the present invention; and 

[0018] FIG. 7 is a diagram for describing one character 
istic in one example of the effect of the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] An embodiment to Which the present invention is 
applied, Will be explained With reference to FIG. 1. In the 
same drawing, reference numerals 01 and 02 indicate a 
Wireless transmitting station respectively, and reference 
numeral 21 indicates a Wireless receiving station. The Wire 
less transmitting stations 01 and 02 and the Wireless receiv 
ing station 21 correspond to base stations and a mobile 
station used in mobile communications respectively. In the 
Wireless transmitting station 01, a data input interface 014 
controls the input of data betWeen an external data generator 
and an encoder 013. The encoder 013 performs encoding on 
input data 016 to output a code Word 015. An encoding 
method of the encoder 013 is determined according to a 
radio channel 11 used by a transmitter 012. The details of the 
encoding method Will be described later. The transmitter 012 
performs conversion to a radio signal format, modulation, 
frequency conversion, ?lter processing and ampli?cation on 
the code Word 015 and thereafter transmits the processed 
code Word through an antenna 011. 

[0020] A transmitting process of the Wireless transmitting 
station 02 is substantially similar to the Wireless transmitting 
station 01. An encoding method of an encoder 023 is 
determined according to a radio channel 12 used by a 
transmitter 022. Both transmitting stations are different from 
each other in the radio channels 11 and 12 used by their 
transmitters 012 and 022 and the encoding methods of their 
encoders 013 and 023. Incidentally, the radio channels 11 
and 12 are not limited to those speci?ed by frequencies and 
include even those speci?ed by time slots or spread spec 
trum codes. 

[0021] In the Wireless receiving station 21, reference 
numeral 212 indicates a receiver and independently receives 
signals for the radio channels 11 and 12 through an antenna 
211. The receiver 212 performs ampli?cation, frequency 
conversion, ?lter processing, demodulation and conversion 
from a radio signal format to received data 2190 on the 
received signals on the radio channels 11 and 12. If the 
received radio channel is found to be 11, then the receiver 
212 temporarily stores the received data 2190 in a buffer 
2131. If the received radio channel is found to be 12, then 
the receiver 212 temporarily stores the received data 2190 in 
a buffer 2132. Next, the data temporarily stored in the 
buffers 2131 and 2132 are read and decoded by a decoding 
unit 216. HoW to decode the data here is determined 
according to receiving conditions at the radio channels 11 
and 12 and the encoding methods of the Wireless stations 01 
and 02. The details of a decoding method Will be described 
later. A data output interface 218 performs control for 
outputting output data 2194 decoded by the decoding unit 
216 to an external data sink. 

[0022] The operation of the decoding unit 216 Will be 
explained in detail. Since radio propagation environments in 
mobile communications change minute by minute, the 
receiving station is not alWays able to receive desired data 
from both the radio channels 11 and 12. When the data sent 
from the Wireless transmitting stations 01 and 02 are 
received only from either one of the radio channels, the 
received data is stored only in either the buffers 2131 or 
2132 according to the radio channel having received the 
corresponding data therethrough. A selector A 2151 checks 
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for the presence or absence of the received data in the buffers 
2131 and 2132. If it is found that the data has been stored in 
the buffer 2131 alone, then the selector A2151 reads it and 
inputs the received data to a decoder 2161. On the other 
hand, When it is found that the data has been stored in the 
buffer 2132 alone, the selector A2151 reads it and inputs the 
received data to a decoder 2162. 

[0023] The decoders 2161 and 2162 are decoders corre 
sponding to the encoding methods of the encoders 013 and 
023. Determination as to Which decoding method in the 
decoders should be applied, is made according to the encod 
ing methods of the encoders 013 and 023 in the Wireless 
transmitting stations 01 and 02. When the data from the 
Wireless transmitting stations 01 and 02 are received from 
both radio channels, the received data are respectively stored 
in both of the buffers 2131 and 2132 corresponding to the 
radio channels having received the corresponding data. The 
selector A 2151 checks for the presence or absence of the 
received data lying Within the buffers 2131 and 2132 and 
detects the storage of the data in both the buffers 2131 and 
2132. Further, the selector A 2151 reads the received data 
from the tWo buffers and inputs the same to a data combiner 
217. The data combiner 217 integrates and combines the 
plurality of received data obtained from both the buffers 
2131 and 2132, and thereafter a decoder 2160 decodes the 
combined data. HoW to integrate, combine and decode the 
data here is determined depending on the encoding methods 
of the encoders 013 and 023 in the Wireless transmitting 
stations 01 and 02. 

[0024] Summaries of the encoding methods of the encod 
ers 013 and 023 in the Wireless transmitting stations 01 and 
02 and the data combining/decoding methods of the data 
combiner 217 and decoders 2161, 2162 and 2160 in the 
Wireless receiving station 21 Will consecutively be 
explained. 
[0025] The encoding methods of the encoders 013 and 023 
Will ?rst be described. Each of the encoders 013 and 023 
performs a process equivalent to the fact that a code Word in 
the same error correcting code is generated from one input 
data sequence and divided into tWo, and a fragment of the 
predetermined one thereof is outputted. The encoder actu 
ally generates only a fragment of a code Word of the 
predetermined one from one input data sequence and outputs 
it therefrom. HoWever, since the Wireless receiving station 
21 does not alWays receive both signals transmitted from the 
Wireless transmitting stations 01 and 02, a limitation is 
imposed on the encoding method so that the data sequence 
can be decoded even from one fragment alone. Described 
speci?cally, mapping from the input data sequence to the 
fragment of the code Word is limited to injection. 

[0026] The decoding methods employed in the decoders 
2161 and 2162 in the Wireless receiving station 21 Will next 
be described. The decoders 2161 and 2162 respectively 
perform decoding processes corresponding to the encoding 
methods of the encoders 013 and 023. Particularly When 
maps in the encoders 013 and 023 are respectively isomor 
phism, the decoding processes of the decoders 2161 and 
2162 result in matrix multiplication. 

[0027] The data combining method of the data combiner 
217 Will continuously be described. The Wireless transmit 
ting stations 01 and 02 respectively generate a code Word in 
an error correcting code from one input data sequence and 
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divide the code Word into tWo. Further, they respectively 
transmit respective fragments of the divided code Words 
through the radio channels 11 and 12 different from each 
other therefrom. Therefore, When the fragments of the 
divided code Words are received by the Wireless receiving 
station 21, the Wireless receiving station 21 is able to specify 
either of the fragments thereof according to the received 
radio channel. When both the fragments of the divided code 
Words are received by the Wireless receiving station 21, the 
data combiner 217 performs an operation opposite to the 
dividing procedure de?ned in advance to thereby re-arrange 
the received ones in a manner similar to the code Words 
before division generated in the Wireless transmitting sta 
tions 01 and 02. 

[0028] The decoding method of the decoder 2160 Will next 
be explained. A decoding process corresponding to the 
method of encoding the code Words before division gener 
ated in the Wireless transmitting stations 01 and 02 is carried 
out by the decoder 2160. 

[0029] The details of encoding/decoding Will be disclosed 
herein. An example of an encoding/decoding method con 
structed based on algebraic-geometric codes is shoWn as a 
?rst embodiment. According to the theory of algebraic 
geometric codes introduced by V. D. Goppa (see eg Hideki 
Imai, Coding theory, Japan: IEICE, pp.182-188, 1990), the 
folloWing map (I) provides or gives q-ary (n, m-g) linear 
codes Wherein a code length is n and the number of 
information symbols is (m-g), assuming that F: a ?nite ?eld 
GF (q), X: an algebraic curve, Q: an F-rational point on X, 
P1, P2, . . . , PD: n distinct, F-rational points on X different 

from Q, G: a divisor (m-1)Q, Where mén, D: a divisor 
P1+P2+ . . . +Pn, L(G): the linear space of rational functions 
on X associated to G. HoWever, g indicates the genus of the 
algebraic curve X. 

‘Pi(G)f—>(f(P1)=f(P2)> - - - JQ’HDEF“ 

[0030] Since the linear space L (G) is of the same type as 
a linear space Fm_g, an arbitrary q value data sequence u 
having a length (m-g) can be associated With an element f 
of L (G) in a one-to-one relationship Without omission. 

[0031] In the present invention, m and n, Which satisfy 1 
(m—g)§n With respect to an integer 1 greater than or equal 
to a given 2 in the above-described codes, are selected. 
Further, n‘, Which satis?es n‘éHn/lH and n‘§(m—g) , is 
selected. HoWever, is the maximum positive number not 
exceeding X. 

[0032] NoW consider Where 1=2 and a sequence of input 
data 016 and 026 is de?ned as a q value data sequence u. In 
this condition, the encoder 013 in the Wireless transmitting 
station 01 effects encoding based on the folloWing map (D1 
on the same data sequence u to thereby obtain a code Word 
c1. 

‘P1-'L(G)f—>(f(P1)=f(P2)> - - - =f(Pn-))=C1EF“' 

[0033] Further, the encoder 023 in the Wireless transmit 
ting station 02 effects encoding based on the folloWing map 
(I)2 on the same data sequence u to thereby obtain a code 
Word c2. 

provide q-ary (n‘, m-g) linear codes C1 and C2 in Which a 
code length is n‘ and the number of information symbols is 
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(m-g). Each of the designed distance about the present 
codes according to V. D. Goppa, i.e., dc1=dc2=n‘—m+1. 

[0035] Decoding of the decoders 2161 and 2162 in the 
Wireless receiving station 21 is carried out by applying the 
conventional decoding method (see e.g., T. Hoholdt & R. 
Pellikaan, “On the Decoding of Algebraic Geometry 
Codes”, IEEE Transactions on Information Theory, Volume 
41, Number 6, pp.1589-1614) of algebraic-geometric codes 
With respect to the maps (D1 and (D2. 

[0036] The data combiner 217 of the Wireless receiving 
station 21 combines received data sequences r1=(r11, 
r12, . . . , r111.) to r2=(r21, r22, . . . , r211.) read from the buffers 
2131 and 2132 into one and inputs the combined received 
data sequence (r1r2)=(r11, r12, . . . , rlnv, r21, r22, . . . , r211‘) to 
the decoder 2160. In practice, the combined received data 
sequence (r1r2) results in a sequence obtained by addition of 
some error sequence on a communication channel to a code 

Word of a q-ary (2n‘, m-g) linear code C12 given by map 
(I312: L(G)f—>(f(P1), f(P2), . . . , f(P2n,)) 6 F2”. Since the 
designed distance dC12 about the present code according to 
V. D. Goppa becomes dc12=2n‘—m+1, the linear code C12 
has much stronger error correcting capability as compared 
With the linear codes C1 and C2. In other Words, When the 
data sent from the Wireless transmitting stations 01 and 02 
are received from both the radio channels, the data can be 
decoded as a code Word provided With much stronger error 
correcting capability as compared With When received only 
from either the transmitting stations. Incidentally, the decod 
ing of the decoder 2160 is performed by applying the 
conventional decoding method (see e.g., T. Hoholdt & R. 
Pellikaan, “On the Decoding of Algebraic Geometry 
Codes”, IEEE Transactions on Information Theory, Volume 
41, Number 6, pp.1589-1614) of algebraic-geometric codes 
With respect to the map (I312. 

[0037] In the ?rst embodiment, the code rate of the linear 
codes C1 and C2 may be set to 1 With n‘=m—g and g=0. Since 
the maps (D1 and (I)2 are of isomorphism, the minimum 
distance for each of the linear codes C1 and C2 becomes 1 
and hence no error correcting capability exists. HoWever, the 
decoding process executed by each of the decoders 2161 and 
2162 can be simpli?ed to matrix multiplication of n‘><n‘ over 
GF(q). On the other hand, the minimum distance of the 
linear code C12 results in n‘—1 and can hence be handled as 
codes equivalent to Reed-Solomon codes given at the code 
rate 1/2. 

[0038] An example of an encoding/decoding method con 
structed based on convolutional codes Will next be explained 
as a second embodiment. A method of representing convo 
lutional codes is ?rst prepared (see e.g., Hideki Imai, Coding 
theory, Japan: IEICE, pp. 182-188, 1990). A delimited data 
sequence is de?ned as momlm2 . . . , and an encoded 

sequence is de?ned as W0W1W2 . . . HoWever, a data block mt 

and a code block Wt (Where t=0, 1, 2, . . . ) are respectively 
sequences over GF (q) having lengths of k and n, and 
expressed as folloWs: 

mr=(m1vm2v - - - Jul“), Wr=(W1v W2‘, - - - yWm) 

[0039] Further, the data sequence and encoded sequence 
are respectively expressed in the folloWing plynomial rep 
resentation With D as a delay operator: 
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[0040] If Mi(D) and WJ-(D) are respectively represented as 

M;(D)=m;U+m;1D+m;2D2+ . . . ,(Where i=1,2, . . . ,k) 

[0042] then M(D) and W(D) are expressed as follows: 

M(D)=(M1(D),M2(D)> - - - Mk(D)) 

W(D)=(W1(D)>W2(D)> - - - >WH(D)) 

[0043] Assuming noW that G(D) is de?ned as a transfer 
function matrix of the convolutional codes, the encoded 

sequence W(D) can be Written as W(D)=M(D)G(D). Here, 
G(D) is represented as folloWs: 

[011(0) 012(0) 61.40)‘! (Equation 1) 
{621(0) 622(0) 62(0)] 

G(D)=i : : : i I . . . I 

[051(0) 052(0) Gknwn 

[0044] An element Gil-(D) of G(D) Will be described in the 
folloWing manner as a polynomial for D of the degree v(ij) 
With elements giJ-O, gijl, . . . , gil-(vdm over GF(q) as coeffi 

cients. 

[0045] Gil-(D) is represented as folloWs: 

Gij(D)=gijD+gij1D+ - - '+gij(v(ij))Dv(iJ-) 

[0046] Where gi]-(V(ij))#0. 

[0047] In the present invention, k and n, Which satisfy 
lkén With respect to an integer 1 greater than or equal to 2 
in the convolutional codes represented in the above-de 
scribed manner, are selected. Further, n‘, Which satis?es 
n‘éHn/IH and n‘ik, is selected. HoWever, is the maxi 
mum positive number not exceeding x. 

[0048] NoW consider Where 1=2. In this condition, the 
encoder 013 of the Wireless transmitting station 01 effects 
encoding based on the folloWing transfer function matrix 
G1(D) on an input data sequence mom1 . . . mN_1 to thereby 

obtain a code Word c1. 

[611(0) G12(D) Gin/(0)] (Equation 2) 

GI(D):] G21(D) G22(D) Chi/(11)] 
| E E E | 
i i 

[0049] Where C1=W1OW11 . . .W1N_1, W1t (t=0, 1, . . . , N-l) 
indicates a sequence over GF(q) having a length n, and 

W1t=(W11t, W12t, . . . , W111.) 

[0050] Further, the encoder 023 of the Wireless transmit 
ting station 02 effects encoding based on the folloWing 
transfer function matrix G2(D) on the same data sequence 
mom1 . . . mN_1 to thereby obtain a code Word c2. 

[0051] Where C2=W2OW21 . . .W2N_1, W2t (t=0, 1, . . . , N-l) 
indicates a sequence over GF(q) having a length n, and 

[0052] The transfer function matrixes G1(D) and G2(D) 
respectively provide convolutional codes C1 and C2 each 
given at the code rate k/n‘. 

[0053] The decoding of the decoders 2161 and 2162 of the 
Wireless receiving station 21 is performed by applying the 
conventional decoding method (e.g., the Viterbi decoding 
algorithms) of convolutional codes With respect to encoding 
based on the transfer function matrixes G1(D) and G2(D). 

[0054] The data combiner 217 of the Wireless receiving 
station 21 combines received data sequences r1=r1Or11 . . . 

r1N_1 to r2=r2Or21 . . . r2N_1 read from the buffers 2131 and 
2132 into one and inputs the combined received data 
sequence 

(r1r2)=(r10r2Ur11r21 . . 

[0055] to the decoder 2160. In practice, the combined 
received data sequence (rlrz) results in a sequence obtained 
by addition of some error sequence on a communication 
channel to a code Word generated by the folloWing transfer 
function matrix G12(D). 

- rlNilrzNil) 

[G11(D) G12(D) G1(2n/)(D) ] (Equation 4) 

12 _EG21(D) G22(D) G2(2n’)(D)E 
G (D) _i 5 5 . 5 i 

' | 

[651(0) 652(0) Gk(2n,)(D)] 

[0056] The transfer function matrix G12(D) provides a 
convolutional code C12 given at the code rate k/(2n‘). Thus 
the convolutional code C12 includes much stronger error 
correcting capability as compared With the convolutional 
codes C1 and C2. In other Words, When the data sent from the 
Wireless transmitting stations 01 and 02 are received from 
both the radio channels, the data can be decoded as a code 
Word provided With much stronger error correcting capabil 
ity as compared With When received only from either one of 
the transmitting stations. The decoding of the decoder 2160 
is performed by applying the conventional decoding method 
(e.g., the Viterbi decoding algorithms) of convolutional 
codes With respect to the transfer function matrix G12(D). 

[0057] If convolutional codes are generated over GF(2) 
With, for example, n‘=1 and k=1 and the transfer function 
matrixes G1(D)=[1+D2+D3+D4+D8] and G2(D)=[1+D+D2+ 
D3+D5+D7+D8] in the second embodiment, then they cor 
respond to encoding by a linear-feedforWard shift register 
and error correcting capability thereof is equal to nothing. 
HoWever, since the reverse encoding processes by linear 
feedforWard shift register may be executed as the decoding 
processes of the decoders 2161 and 2162 respectively, the 
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decoders 2161 and 2162 can be simpli?ed in structure. On 
the other hand, the transfer function matrix G12(D) results in 
G12(D)=[G1(D) G2(D)]=[1+D2+D3+D“+D8 1+D+D2+D3+ 
D5+D7+D8] and provides binary convolutional codes in 
Which the code rate is 1/zand the minimum free distance is 12. 
In the second embodiment, data about the end mNW 
v+2 . . . mN_1 of the input data sequence mom1 . . . mN_1 may 

be all set to Zero as one method of terminating the Viterbi 
decoding algorithms. Here, V indicates the constraint length 
of the convolutional code C12. 

[0058] Applications according to the present invention 
Will next be described. In the foregoing embodiments, if 
either the radio channels 11 or 12 is satisfactory in a received 
state even When the data sent from the Wireless transmitting 
stations 01 and 02 are received from both the radio channels, 
then desired data can be obtained only from the received 
data of the satisfactory one. This means that desired output 
data can be obtained by much simpler processes of the 
decoders 2161 and 2162 Without decoder 2160. As a method 
of checking the states of reception of the radio channels 11 
and 12, may be mentioned (1) a method using a received 
signal strength value and (2) an error detection-based 
method. 

[0059] One embodiment based on “(1) the method using 
the received signal strength value” Will ?rst be described as 
the ?rst application according to the present invention With 
reference to FIG. 2. If the present embodiment shoWn in the 
same draWing is compared With FIG. 1 illustrative of one 
example of the diversity Wireless communication apparatus, 
then the differences reside in a receiver 212‘ of a Wireless 
receiving station 21‘, buffers 2131‘ and 2132‘ and a selector 
A 2151‘ in a decoding unit 216‘. The receiver 212‘ outputs 
even received signal strength value obtained upon their 
reception at the respective radio channels in connection With 
the output of data received through the respective radio 
channels. The buffers 2131‘ and 2132‘ respectively store 
therein the received signal strength value at their reception 
at the radio channels 11 and 12. The selectorA2151‘ checks 
for the presence or absence of received data in buffers 2131 
and 2132. If it is found that the data has been stored in the 
buffer 2131 alone, then the selector A 2151‘ reads it and 
inputs the received data to a decoder 2161. If it is found that 
the data has been stored in the buffer 2132 alone in reverse, 
then the selectorA2151‘ reads it and inputs the received data 
to a decoder 2162. Further, When the selectorA2151‘ checks 
for the presence or absence of the received data in the buffers 
2131 and 2132 and detects the storage of the data in both the 
buffers 2131 and 2132, the selector A 2151‘ reads the 
received signal strength value from the buffer 2131‘ and 
compares it With a predetermined reference value. If the 
received signal strength value is found to exceed the refer 
ence value from the above comparison, then the selector A 
2151‘ reads the received data from the buffer 2131 and inputs 
it to the decoder 2161. On the other hand, When the received 
signal strength value is found not to exceed the reference 
value, the selector A2151‘ reads the received signal strength 
value from the buffer 2132‘ and compares it With a prede 
termined reference value. If the received signal strength 
value is found to exceed the reference value from the above 
comparison, then the selectorA2151‘ reads the received data 
from the buffer 2132 and inputs it to the decoder 2162. When 
any of the received signal strength value read from the 
buffers 2131‘ and 2132‘ is found not to exceed the reference 
value from the result of the comparison, the selectorA2151‘ 
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reads the received data from both the buffers 2131 and 2132 
respectively and input them to a data combiner 217. 

[0060] Thus, the adoption of the con?guration shoWn in 
FIG. 2 alloWs a decision as to the states of the radio channels 
11 and 12 at their reception. When the received state of 
either the radio channels 11 or 12 is found to be satisfactory 
Where the data sent from the Wireless transmitting stations 
01 and 02 are received from both the radio channels, only the 
received data from one thereof in Which the received state is 
found to be satisfactory, can be applied to the corresponding 
decoder. 

[0061] One embodiment based on “(2) the error detection 
based method” Will next be described as the second appli 
cation according to the present invention With reference to 
FIG. 3. If the present embodiment shoWn in the same 
draWing is compared With FIG. 1 illustrative of one example 
of the diversity Wireless communication apparatus accord 
ing to the present invention, then the differences reside in 
encoders 013“ and 023“ of Wireless transmitter or transmit 
ting stations 01“ and 02“, a selector A2151“ in a decoding 
unit 216‘ of a Wireless receiving station 21“, and detectors 
2141 and 2142. First of all, the encoders 013“ and 023“ 
respectively generate only a predetermined code Word frag 
ment for an error correcting code from one data sequence as 
in the case of the encoders 013 and 023. Further, the 
encoders 013“ and 023“ respectively output ones obtained 
by calculating an error detecting check bit and applying it. 
HoWever, When such an encoding method that the generated 
arbitrary code Word fragment itself has suitable error detect 
ing capability is adopted in the process of generating only 
the predetermined code Word fragment for the error correct 
ing code from one data sequence, the process for calculating 
the error detecting check bit and applying it may be omitted. 
It is of importance that the encoding done by the encoders 
013“ and 023“ is associated With injection but not With 
surjection. The detectors 2141 and 2142 in the receiver 21“ 
respectively check for the presence or absence of received 
data stored in buffers 2131 and 2132. When the received data 
exist in the buffers 2131 and 2132, the detectors 2141 and 
2142 respectively read the received data therefrom and 
calculate their syndrome in association With their encoding 
of the encoders 013“ and 023“ and output the presence or 
absence of error detection to the selector A 2151“. The 
selector A 2151“ checks for the presence or absence of 
received data in the buffers 2131 and 2132. If the data is 
stored in the buffer 2131 alone, then the selector A 2151“ 
reads it and inputs the received data to a decoder 2161. If the 
data is found to have been stored in the buffer 2132 alone in 
reverse, then the selector A 2151“ reads it and inputs the 
received data to a decoder 2162. When the selector A2151“ 
checks for the presence or absence of the received data in the 
buffers 2131 and 2132 and consequently detects the storage 
of the data in both the buffers 2131 and 2132, the selector A 
2151“ refers to the result of error detection from the detector 
2141. If the error detection is found to be nil, then the 
selector A 2151“ reads the received data from the buffer 
2131 and inputs it to the decoder 2161. On the other hand, 
When the error detection is found to have been made, the 
selector A 2151“ next refers to the result of error detection 
from the detector 2142. If the error detection is found to be 
nil, then the selector A 2151“ reads the received data from 
the buffer 2132 and inputs it to the decoder 2162. If it is 
found that an error has been detected from both of the 
detectors 2141 and 2142, then the selector A2151“ reads the 
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received data from both the buffers 2131 and 2132 respec 
tively and inputs the same to a data combiner 217. 

[0062] Thus, the adoption of the con?guration shown in 
FIG. 3 allows a decision as to the states of the radio channels 
11 and 12 at their reception. When the received state of 
either the radio channels 11 or 12 is found to be satisfactory 
Where the data sent from the Wireless transmitting stations 
01 and 02 are received from both the radio channels, only the 
received data from one thereof in Which the received state is 
found to be satisfactory, can be applied to the corresponding 
decoder. 

[0063] While all the above-described embodiments have 
shoWn the case in Which the tWo Wireless transmitting 
stations respectively transmit the data to the Wireless receiv 
ing station through one radio channel, the number of the 
Wireless transmitting stations is not limited to tWo in the 
present invention. An embodiment in Which three Wireless 
transmitting stations respectively transmit data to their cor 
responding Wireless receiving station through one radio 
channel, is shoWn in FIG. 4 as the third application accord 
ing to the present invention. In the same draWing, reference 
numerals 01 through 03 indicate Wireless transmitting sta 
tions respectively, and reference numeral 21‘" indicates a 
Wireless receiving station. 

[0064] In the Wireless transmitting station 01, the data 
input interface 014 controls the input of data betWeen an 
external data generator and the encoder 013. The encoder 
013 performs encoding on the input data 016 to output a 
code Word 015. An encoding method of the encoder 013 is 
determined according to the radio channel 11 used by the 
transmitter 012 but the details thereof Will be described later. 
The transmitter 012 performs conversion to a radio signal 
format, modulation, frequency conversion, ?lter processing 
and ampli?cation on the code Word 015 and thereafter 
transmits the processed code Word through the antenna 011. 
In the Wireless transmitting station 02, a data input interface 
024 controls the input of data betWeen an external data 
generator and the encoder 023. The encoder 023 performs 
encoding on input data 026 to output a code Word 025. An 
encoding method of the encoder 023 is determined accord 
ing to the radio channel 12 used by the transmitter 022 but 
the details thereof Will be described later. The transmitter 
022 performs conversion to a radio signal format, modula 
tion, frequency conversion, ?lter processing and ampli?ca 
tion on the code Word 025 and thereafter transmits the 
processed code Word through an antenna 021. In a Wireless 
transmitting station 03, a data input interface 034 controls 
the input of data betWeen an external data generator and an 
encoder 033. The encoder 033 performs encoding on input 
data 036 to output a code Word 035. An encoding method of 
the encoder 033 is determined according to a radio channel 
13 used by a transmitter 032 but the details thereof Will be 
described later. The transmitter 032 performs conversion to 
a radio signal format, modulation, frequency conversion, 
?lter processing and ampli?cation on the code Word 035 and 
thereafter transmits the processed code Word through an 
antenna 031. The Wireless transmitting stations 01 through 
03 are different from one another in the radio channels 11 
through 13 used by their corresponding transmitters 012, 
022 and 032 and the encoding methods employed in their 
corresponding encoders 013, 023 and 033. Here, the radio 
channels 11 through 13 are not necessarily limited to those 
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speci?ed by frequencies and also include those speci?ed by 
time slots or spread spectrum codes. 

[0065] In the Wireless receiving station 21‘", reference 
numeral 212 indicates a receiver and has the function of 
independently receiving signals for the radio channels 11 
through 13 through the antenna 211. The receiver 212 
performs ampli?cation, frequency conversion, ?lter process 
ing, demodulation and conversion from a radio signal format 
to received data 2190 on the received signals on the radio 
channels 11 through 13. If the received radio channel is 
found to be 11, then the receiver 212 temporarily stores the 
received data 2190 in the buffer 2131. If the received radio 
channel is found to be 12, then the receiver 212 temporarily 
stores the received data 2190 in the buffer 2132. If the 
received radio channel is found to be 13, then the receiver 
212 temporarily stores the received data 2190 in a buffer 
2133. Next, the received data temporarily stored in the 
buffers 2131 through 2133 are read and decoded by a 
decoding unit 216‘". HoW to decode the data here is deter 
mined according to receiving conditions at the radio chan 
nels 11 through 13 and the encoding methods of the Wireless 
stations 01 through 03 but the details thereof Will be 
described later. The data output interface 218 performs 
control for outputting output data decoded by the decoding 
unit 216‘" to an external data sink. 

[0066] The operation of the decoding unit 216‘" Will next 
be explained in detail. Since radio propagation environments 
in mobile communications change moment by moment, the 
receiving station is not alWays able to receive desired data 
from all the radio channels 11 through 13. When the data 
sent from the Wireless transmitting stations 01 through 03 
are received only from either one of the radio channels, the 
received data is stored in either one of the buffers 2131 
through 2133 according to the radio channel having received 
the corresponding data therethrough. A selector A 2151 
checks for the presence or absence of the received data in the 
buffers 2131 through 2133. If it is found that the data has 
been stored in the buffer 2131 alone, then the selector A2151 
reads it and inputs the received data to the decoder 2161. On 
the other hand, When it is found that the data has been stored 
in the buffer 2132 alone, the selector A 2151 reads it and 
inputs the received data to the decoder 2162. Alternatively, 
if it is found that the data has been stored in the buffer 2133 
alone, then the selector A 2151 reads it and inputs the 
received data to a decoder 2163. The decoders 2161 through 
2163 are respectively decoders corresponding to the encod 
ing methods of the encoders 013, 023 and 033. A decision as 
to Which decoding method in the decoders should be 
applied, is made according to the encoding methods 
employed in the Wiring stations 01 through 03 but the details 
thereof Will be explained later. When the data from the 
Wireless transmitting stations 01 through 03 are received 
from a plurality of radio channels, the received data are 
respectively stored in the buffers 2131 through 2133 corre 
sponding to the radio channels having received the corre 
sponding data. The selector A 2151 checks for the presence 
or absence of the received data lying Within the buffers 2131 
through 2133 and detects the storage of the data in the 
plurality of buffers 2131 through 2133. Further, the selector 
A2151 reads the received data from the plurality of buffers 
respectively and inputs the same to the data combiner 217‘". 
The data combiner 217‘" integrates and combines the plu 
rality of received data obtained from the buffers 2131 
through 2133 and outputs combined received data 2192 and 
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integrated information 2193 indicative of Which received 
data is integrated. A decoder 2160‘" decodes the combined 
received data 2192, based on the integrated information 
2193 from the data combiner 217‘". HoW to integrate, 
combine and decode the data here is determined depending 
on the encoding methods employed in the Wiring stations 01 
through 03 and a decision as to Which radio channel have 
receives data, but the details thereof Will be described later. 

[0067] Summaries of the encoding methods of the encod 
ers 013, 023 and 033 in the Wireless transmitting stations 01 
through 03 and the data combining/decoding methods of the 
data combiner 217‘" and decoders 2161 through 2163 and 
2160‘" in the Wireless receiving station 21 Will consecutively 
be explained. Examples of actual encoding/decoding meth 
ods Will be described later. The encoding methods of the 
encoders 013, 023 and 033 Will ?rst be described. Each of 
the encoders 013, 023 and 033 performs a process equivalent 
to the fact that a code Word in an error correcting code is 
generated from one input data sequence and divided into 
three, and one of predetermined three fragments is output 
ted. Described speci?cally, the encoders 013, 023 and 033 
generate only a predetermined code Word fragment from one 
input data sequence and outputs it therefrom. HoWever, 
since the Wireless receiving station does not alWays receive 
three signals transmitted from the Wireless transmitting 
stations 01 through 03, a limitation is imposed on the 
encoding method so that the data sequence can be decoded 
even from one fragment alone. Described speci?cally, map 
ping from the data sequence to the fragment of the code 
Word is limited to injection. The decoding methods 
employed in the decoders 2161 through 2163 Will next be 
described. The decoders 2161 through 2163 respectively 
perform decoding processes corresponding to the encoding 
methods of the encoders 013, 023 and 033. Particularly 
When maps in the encoders 013, 023 and 033 are respec 
tively isomorphism, the decoding processes of the decoders 
2161 through 2163 result in matrix multiplication. The data 
combining method of the data combiner 217 Will continu 
ously be described. The Wireless transmitting stations 01 
through 03 respectively generate a code Word in an error 
correcting code from one input data sequence and divide the 
code Word into three. Further, they respectively transmit 
respective fragments of the divided code Words through the 
radio channels 11 through 13 different from each other 
therefrom. Therefore, When the fragments of the divided 
code Words are received by the Wireless receiving station 
21‘", the Wireless receiving station 21‘" is able to specify 
either of the fragments thereof according to the received 
radio channel. When the three fragments of the divided code 
Words are all received by the Wireless receiving station 21‘", 
the data combiner 217‘" performs an operation opposite to 
the dividing procedure de?ned in advance to thereby re 
arrange sort the received ones in a manner similar to the 
code Words before division generated in the Wireless trans 
mitting stations 01 through 03. When the Wireless receiving 
station 21‘" receives tWo of the fragments of the divided 
code Words, the tWo received data are re-arranged by a 
predetermined procedure according to the received data. A 
decoding method of the 2160‘" Will be explained. When all 
the fragments of the code Words are available, the decoder 
2160‘" performs a decoding process corresponding to the 
method of encoding the code Words before division gener 
ated in the Wireless transmitting stations 01 through 03. 
When the tWo of the fragments of the code Words are 
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available, the decoder 2160‘" performs a decoding process 
corresponding to an encoding method obtained by modify 
ing the method of encoding each pre-division code Word 
before division. Here, the encoding method obtained by 
modifying the method of encoding each code Word before 
division is equivalent speci?cally to puncturing of the code. 
Since such puncturing of the code shoWs the case in Which 
the tWo of the three fragments of the code Words are 
available, three possible processes, i.e., 3C2=3 exist. Thus, 
three possible decoding processes to be executed by the 
decoder 2160‘" at the time that the tWo of the fragments of 
the code Words are available, exist. Further, the number of 
the decoding processes exists four as a Whole When the 
decoding process at the time that all the fragments of the 
code Words are available, is included. Which decoding 
process should be effected on the combined received data 
2192 by the decoder 2160‘", is based on the integrated 
information 2193 of the data combiner 217‘". 

[0068] An example of the actual encoding/decoding 
method Will be explained. In the ?rst embodiment, for 
example, 1=3 and the encoder 013 of the Wireless transmit 
ting station 01 effects encoding based on the folloWing map 
(D1 on an input data sequence u to thereby obtain a code Word 
c1. 

[0069] Further, the encoder 023 of the Wireless transmit 
ting station 02 effects encoding based on the folloWing map 
(D2 on the same data sequence u to thereby obtain a code 
Word c2. 

[0070] Furthermore, the encoder 033 of the Wireless trans 
mitting station 03 effects encoding based on the folloWing 
map (D3 on the same data sequence u to thereby obtain a code 
Word c3. 

[0071] The above-described maps (D1 through (D3 respec 
tively provide q-ary (n‘, m-g) linear codes C1 through C3 in 
Which a code length is given as n‘ and the number of 
information symbols is given as (m-g). Each of the designed 
distance about the present codes according to V. D. Goppa, 
i.e., dc1=dc2=dc3=n‘—m+1. 

[0072] Decoding of the decoders 2161 through 2163 in the 
Wireless receiving station 21‘" is carried out by applying the 
conventional decoding method (see e.g., T. Hoholdt & R. 
Pellikaan, “On the Decoding of Algebraic Geometry 
Codes”, IEEE Transactions on Information Theory, Volume 
41, Number 6, pp. 1589-1614) of algebraic-geometric codes 
With respect to the maps (D1 through (D3. 

[0073] The data combiner 217‘" of the Wireless receiving 
station 21‘" combines received data sequences r1=(r11, 
r12, . . . , rlnv), r2=(r21, r22, . . . , r211‘), and r3=(r31, r32, . . . , 
r311‘) read from the buffers 2131 through 2133 into one. As to 
hoW to combine them, hoWever, the folloWing four of (1) 
through (4) exist according to the conditions of reception. 

[0074] (1) When r1, r2 and r3 are available: 

[0075] Asequence (r1r2r3)=(r11, r12, . . . , rlnv, r21, r22, . . . , 
r21“, r31, r32, . . . , r311‘) is generated and inputted to the 
decoder 2160‘". 
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[0076] (2) When r1 and r2 are available: 

[0077] Asequence (r1r2)=(r11, r12, . . . , rlnv, r21, r22, . . . , 
r211‘) is generated and inputted to the decoder 2160‘". 

[0078] (3) When r2 and r3 are available: 

[0079] Asequence (r2r3)=(r21, r22, . . . , r211, r31, r32, . . . , 
r311‘) is generated and inputted to the decoder 2160‘". 

[0080] (4) When r1 and r3 are available: 

[0081] Asequence (r1r3)=(r11, r12, . . . , rlnv, r31, r32, . . . , 
r311‘) is generated and inputted to the decoder 2160‘". 

[0082] The sequence (r1r2r3) results in a sequence 
obtained by addition of some error sequence on each com 
munication channel to a code Word of a q-ary (3n‘, m-g) 
linear code C123 given by the folloWing map. 

(D123-'L(G)f_) (f(P1)=f(P2)> - - - =f(P3n'))EF3nI 

[0083] The sequence (r1r2) results in a sequence obtained 
by addition of some error sequence on each communication 
channel to a code Word of a q-ary (2n‘, m-g) linear code C12 
given by the folloWing map. 

(D12-'L(G)f_) (f(P1)=f(P2)> - - - 1f(P2n'))EF2nI 

[0084] The sequence (r2r3) results in a sequence obtained 
by addition of some error sequence on each communication 
channel to a code Word of a q-ary (2n‘, m-g) linear code C23 
given by the folloWing map. 

(DZ3'IL(G)f_)(f(Pn'+1)=f(Pn'+2)> - - - 1f(P3n'))EF2nI 

[0085] The sequence (r1r3) results in a sequence obtained 
by addition of some error sequence on each communication 
channel to a code Word of a q-ary (2n‘, m-g) linear code C13 
given by the folloWing map. 

[0086] Since designed distances about the linear codes 
C12, C23 and C13 according to V. D. Goppa become dc12= 
dc23=dc13=2n‘—m+1, the linear codes C12, C23 and C13 
include much stronger error correcting capability as com 
pared With the linear codes C1 through C3. In other Words, 
When the data sent from the Wireless transmitting stations 01 
through 03 are received from the tWo radio channels, the 
data can be decoded as a code Word provided With much 
stronger error correcting capability as compared With When 
received only from either one of the transmitting stations. 
Further, since the designed distance of the linear code C123 
according to V. D. Goppa becomes dc123=3n‘—m+1, the 
linear code C123 includes much stronger error correcting 
capability as compared With the linear codes C12, C23 and 
C13. In other Words, When the data sent from the Wireless 
transmitting stations 01 through 03 are received from all the 
radio channels, the data can be decoded as a code Word 
provided With much stronger error correcting capability as 
compared With When received only from the tWo transmit 
ting stations at the most. NoW, the linear codes C12, C23 and 
C13 correspond to punctured codes obtained by puncturing a 
parity check part by an n‘ symbol from the linear code C123. 
Incidentally, the decoding of the decoder 2160‘" is per 
formed by applying the conventional decoding method (see 
e.g., T. Hoholdt & R. Pellikaan, “On the Decoding of 
Algebraic Geometry Codes”, IEEE Transactions on Infor 
mation Theory, Volume 41, Number 6, pp. 1589-1614) of 
algebraic-geometric codes With respect to the respective 
maps (D12, (D23, (I)13 and (D123. 
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[0087] An example of another encoding/decoding method 
Will next be explained. In the second embodiment, 1=3, for 
example. Further, the encoder 013 of the Wireless transmit 
ting station 01 effects encoding based on the folloWing 
transfer function matrix G1(D) on an input data sequence 
mom1 . . . mN_1 to thereby obtain a code Word c1. 

IGMD) G12(D) G1n/(D)li (Equation 5) 
1 mm» 622(0) Gznmmi 

G (D) :i : : : i 

[0088] Where C1=W1OW11 . . . W1N_1, and W1t (t=0, 
1, . . . , N-1) indicates a sequence over GF(q) having 

a length, i.e., W1t=(W11t, W12t, . . . , W1 

[0089] Further, the encoder 023 of the Wireless transmit 
ting station 02 effects encoding based on the folloWing 
transfer function matrix G2(D) on the same data sequence 

[0090] Where C2=W2OW21 . . . W2N_1, and W2t (t=0, 
1, . . . , N-1) indicates a sequence over GF(q) having 

a length n, i.e. , W2t=(W2(nv+1)t, W201“), . . . , W2(2nv)t). 

[0091] Further, the encoder 033 of the Wireless transmit 
ting station 03 effects encoding based on the folloWing 
transfer function matrix G3(D) on the same data sequence 

1, . . . , N-1) indicates a sequence over GF(q) having 
' 3 3 

a 3length n, i.e., W t=(W (2mm, W (2mm, . . . , 

W (31m) 
[0093] The transfer function matrixes G1(D) through 
G3(D) respectively provide convolutional codes C1 through 
C3 each given at an code rate k/n‘. 

[0094] The decoding of the decoders 2161 through 2163 
of the Wireless receiving station 21‘" is performed by apply 
ing the conventional decoding method (e.g., the Viterbi 
decoding algorithms) of convolutional codes With respect to 
encoding based on the transfer function matrixes G1(D) 
through G3(D). 
[0095] The data combiner 217‘" of the Wireless receiving 
station 21‘" combines received data sequences r1=r10, r11 . . . 
1 2_ 2 2 2 3_ 3 3 3 

r N_1,r -r Or 1...r N_1,andr -r Or 1...r N_1readfrom 
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the buffers 2131 through 2133 into one. As to hoW to 
combine them, however, the following four of (1) through 
(4) exist according to the conditions of reception. 

[0096] (1) When r1, r2 and r3 are available: 

[0097] A sequence (r1r2r3)=(r1O r20 r30 r11 r21 r31 . . . 
r1N_1r2N_1r3N_1) is generated and inputted to the decoder 
2160‘". 

[0098] (2) When r1 and r2 are available: 

[0099] A sequence (r1r2)=(r1Or2Or11r21. . . r1N_1r2N_1) is 
generated and inputted to the decoder 2160‘". 

Gram) : 

[0100] (3) When r2 and r3 are available: 

[0101] A sequence (r2r3)=(r2Or3Or21r31 . . . r2N_1r3N_1) is 
generated and inputted to the decoder 2160‘". 

[0102] (4) When r1 and r3 are available: 

[0103] Asequence (r1r3)=(r1O r30 r11 r31 . . . r1N_1 r3N_1) is 
generated and inputted to the decoder 2160‘". 

[0104] The sequence (r1r2r3) results in a sequence 
obtained by addition of some error sequence on each com 

munication channel to a code Word generated by the fol 
loWing transfer function matrix G123(D). 

iFG11(D) G12(D) Gl(3n/)(D)1i (Equation 8) 

| : : ' | 

i i 
[651(0) 652(0) GUM/rm] 

[0105] The sequence (r1r2) results in a sequence obtained 
by addition of some error sequence on each communication 

channel to a code Word generated by the folloWing transfer 
function matrix G12(D). 

[0106] The sequence (r2r3) results in a sequence obtained 
by addition of some error sequence on each communication 

channel to a code Word generated by the folloWing transfer 
function matrix G23(D). 

| 

i . . . 
| 

[651(0) 652(0) 

[0107] The sequence (r1r3) results in a sequence obtained 
by addition of some error sequence on each communication 

channel to a code Word generated by the folloWing transfer 
function matrix G13(D). 

[0108] The transfer function matrixes G12(D), G23(D) and 
G13(D) respectively provide convolutional codes C12, C23 
and C13 each given at an code rate k/(2n‘). Thus the convo 
lutional codes C12, C23 and C13 respectively include much 
stronger error correcting capability as compared With the 
convolutional codes C1 through C3. In other Words, When the 
data sent from the Wireless transmitting stations 01 through 
03 are received from the tWo radio channels, the data can be 
decoded as a code Word provided With much stronger error 
correcting capability as compared With When received only 
from either one of the transmitting stations. Further, the 
transfer function matrix G123(D) provides a convolutional 
code C123 given at a code rate k/(3n‘). Thus, the convolution 
code C123 provides much stronger error correcting capability 
as compared With the convolutional codes C1 through C3 and 
C12, C23 and C13. In other Words, When the data sent from 
the Wireless transmitting stations 01 through 03 are received 
from all the radio channels, the data can be decoded as a 
code Word provided With much stronger error correcting 
capability as compared With When received only from the 
tWo transmitting stations at most. 

[0109] Incidentally, the decoding of the decoder 2160‘" is 
performed by applying the conventional decoding method 
(e.g., the Viterbi decoding algorithms) of convolutional 
codes With respect to respective encoding based on the 
transfer function matrixes G12(D), G23(D), G13(D) and 
(}123(]))' 
[0110] While the third application according to the present 
invention has shoWn the case in Which the three Wireless 
transmitting stations respectively transmit the data to the 
Wireless receiving station through one radio channel, appli 
cation to the case in Which m Wireless transmitting stations 
normally respectively transmit data to a Wireless receiving 
station through one radio channel, is easy. A summary 
thereof in this case Will be described. First, m radio channels 
are set, and m Wireless transmitting stations respectively 
generate a code Word in the same error correcting code from 
one input data sequence and divide it into In Further, the m 
Wireless transmitting stations respectively transmit one of 
predetermined m fragments to a Wireless receiving station 
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through one of predetermined m radio channels. The Wire 
less receiving station is provided With m buffers correspond 
ing to the respective radio channels. Decoding is performed 
by decoders having decoding processing methods corre 
sponding to the number of combinations of the resultant 
code Word fragments, according to the conditions of recep 
tion. If 1=m in the ?rst and second embodiments, it is then 
easily imagined that such an encoding/decoding method 
Would be obtained as an actual encoding/decoding method. 
Incidentally, the ?rst and second applications according to 
the present invention can be easily applied even to the third 
application according to the present invention or the case in 
Which the general m Wireless transmitting stations exist. 

[0111] FIG. 5 shoWs one eXample of an effect of the 
present invention, Which corresponds to the results obtained 
by supposing the folloWing conditions (1) through (3) and 
calculating bit error rates of received data of the Wireless 
receiving station 21 to transmitting poWer of the Wireless 
transmitting stations 01 and 02. 

[0112] (1) Condition for the positions of Wireless stations: 
The Wireless transmitting stations 01 and 02 are installed 
With an interval of 1200 m interposed therebetWeen and 
respectively transmit data to the Wireless receiving station 
21 through their corresponding radio communication chan 
nels 11 and 12. NoW consider Where the Wireless receiving 
station 21 receives data from the Wireless transmitting 
stations 01 and 02 While it is moving along a line segment 
With the Wireless transmitting station 01 and the Wireless 
transmitting station 02 as both ends betWeen a point X1 
spaced 100 m aWay from the Wireless transmitting station 01 
and a point X2 spaced 1100 m aWay therefrom (see FIG. 6). 
Here, the eXisting positions of the Wireless receiving station 
21 over the line segments X1 and X2 Will be placed under 
uniform distribution. 

[0113] (2) Condition for propagation environments: The 
condition is placed under a stationary ?at fading environ 
ment. Receiving poWer Will be attenuated in proportion to 
the square of the distance from each transmitting station to 
the point spaced 100 m aWay therefrom and attenuated in 
proportion to the fourth poWer of the distance at above it. 

[0114] (3) Condition for radio communication system: A 
radio frequency is set to a 2.4 GHZ band and a bandWidth is 
set to 26 MHZ. In the transmitters 012 and 022 in the 
Wireless transmitting stations 01 and 02, a modulation 
system Will be de?ned as QPSK and a symbol rate Will be 
de?ned as 26000000+31 symbols/second. In the receiver 
212 of the Wireless receiving station 21, a demodulation 
system Will be de?ned as differential detection, and diversity 
for pure-selection combining tWo diversity channels Will be 
applied after the detection. Further, the noise factor of the 
receiver and the temperature thereof are regarded as 7 dB 
and 300K respectively. Incidentally, the gains of the trans 
mitting antennas 011 and 021 and receiving antenna 211 Will 
be de?ned as 2.14 dBi respectively. 

[0115] Referring to FIG. 5, “the conventional system” is 
a system for selecting either one of data of 600 bits respec 
tively received from the radio communication channels 11 
and 12, based on an error check made by CRC or the like. 
Incidentally, the probability of undetected error at the error 
check is supposed to be 0 for simpli?cation. 

[0116] A “system 1 according to the present invention” is 
one eXample in Which the ?rst embodiment according to the 
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present invention is applied. Described speci?cally, the 
genus g= 0 and F=GF(28). Further, the encoders 013 and 023 
are con?gured so that the linear codes C1 and C2 become 
(75, 75) codes and the linear code C12 becomes (150, 75) 
codes. The decoding unit 216 performs an error check on the 
received data sent from the Wireless transmitting stations 01 
and 02 as in the case of the second application according to 
the present invention. When an error is detected from both, 
the tWo data are combined into one and the decoder 2160 
performs a bounded distance decoding process on the mini 
mum distance 76. Incidentally, the probability of undetected 
error at the error check is supposed to be 0 for simplicity. 

[0117] A “system 2 according to the present invention” is 
one eXample in Which the second embodiment according to 
the present invention is applied. Described speci?cally, the 
encoders 013 and 023 are respectively con?gured so as to 
provide convolutional codes C1 and C2 each having a code 
length of 600 bits over GF(2) With the transfer function 
matrixes G1(D)=[1+D2+D3+D4+D8] and G2(D)=[1+D+D2+ 
D3+D5+D7+D8]. Further, the transfer 2 function matriX 
G12(D) is equivalent to G12(D)=[G1(D) G (D)]=[1+D2+D3+ 
D“+D8 1+D+D2+D3+D5+D7+D8]. Aconvolutional code C12 
provides the code rate of 1/zand a minimum free distance of 
12. The decoding unit 216 performs an error check on the 
received data sent from the Wireless transmitting stations 01 
and 02 as in the case of the second application according to 
the present invention. When errors are detected from the 
both stations 01 and 02, the both data are combined into one 
and the decoder 2160 performs a process for the Viterbi 
decoding algorithms. Incidentally, the probability of unde 
tected error at the error check is supposed to be 0 for 
simplicity. In the “system 2 according to the present inven 
tion” 8 bits corresponding to the ?nal input at encoding is 
regarded as 0 as one technique of terminating the Viterbi 
decoding algorithms. 

[0118] According to FIG. 5, it is understood that When the 
bit error rate is 10_6, for eXample, the “system 1 according 
to the present invention” and “system 2 according to the 
present invention” can respectively reduce transmitting 
poWer by 3 to 4 dB as compared With the “conventional 
system”. 

[0119] On the other hand, FIG. 7 shoWs a result obtained 
When the position of the Wireless receiving station 21 is 
limited to a middle point betWeen the Wireless transmitting 
stations 01 and 02, i.e., a point at a distance of 600 m under 
the conditions (1) through (3) referred to above. According 
to the same draWing, it is understood that the “system 1 
according to the present invention” and “system 2 according 
to the present invention” respectively bring about an advan 
tageous effect in that When the bit error rate is 10_6, for 
eXample, transmitting poWer can be reduced by 6.5 to 8 dB 
as compared With the “conventional system”. 

[0120] Thus, in the diversity Wireless transmitting/receiv 
ing system for transmitting data having the same contents 
from a plurality of Wireless transmitting stations and per 
forming diversity reception of the data having the same 
contents, When the respective transmitting stations respec 
tively perform encoding on the data having the same con 
tents in advance according to respective radio channels 
through Which the respective transmitting stations transmit 
the data, the respective encoding are carried out so that one 
of fragments of code Words in error correcting codes is 
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generated and fragments of code Words corresponding to the 
plurality of radio channels form one code Word in an error 
correcting code. Further, the respective maps are set to 
injection. On the other hand, the Wireless receiving station 
stores the received data therein according to the received 
radio channel and applies decoding processes different 
according to the number of the received data. When data can 
be received only from the nearest Wireless transmitting 
station due to reasons such as the existence of the Wireless 
receiving station in the neighborhood of one Wireless trans 
mitting station, such received data normally has a high 
degree of reliability. Therefore, desired data can be obtained 
by decoding the data sent from the nearest Wireless trans 
mitting station. Even When data can be received from a 
plurality of Wireless transmitting stations due to reasons 
such as the existence of a Wireless receiving station in a 
point located midWay betWeen the plurality of Wireless 
transmitting stations, these received data having suitable 
reliability can be decoded as strong error correcting codes if 
they are utiliZed in combination according to a predeter 
mined procedure. Therefore, if compared With such a con 
ventional system as to select one from the received data 
obtained in plural form, then the possibility that desired data 
Will be obtained, is brought to a leap in improvement. As a 
result, transmitting poWer of each Wireless transmitting 
station for satisfying required communication quality can be 
reduced. 

[0121] It is further understood by those skilled in the art 
that the foregoing description is a preferred embodiment of 
the disclosed device and that various changes and modi? 
cations may be made in the invention Without departing 
from the spirit and scope thereof. 

What is claimed is: 
1. A diversity Wireless communication method for trans 

mitting data having the same contents from a plurality of 
Wireless transmitting stations through radio channels differ 
ent from each other and performing diversity reception of 
the data having the same contents in a Wireless receiving 
station, comprising the steps of: 

alloWing said each of the plurality of Wireless transmitting 
stations to effect encoding to be injective and speci?ed 
by a transmitting radio channel on the data having the 
same contents; 

causing each of the plurality of Wireless transmitting 
stations to transmit encoded data to the Wireless receiv 
ing station; 

alloWing the Wireless receiving station to temporarily 
store the received data obtained through the radio 
channels every radio channel; 

When a single received data to be temporarily stored is 
obtained through a radio channel alone, causing the 
Wireless receiving station to decode the single received 
data by a decoding method corresponding to encoding 
speci?ed by a radio channel through Which the single 
received data passed; 

When plural received data to be temporarily stored are 
obtained through plural radio channels, alloWing said 
Wireless receiving station to decode the plural received 
data as a sequence in Which an error patter is added to 
a code Word in a error correcting code, after the plural 
received data are combined in predetermined order 
according to the radio channels. 

Jun. 7, 2001 

2. A diversity Wireless communication method according 
to claim 1, Wherein individual encoding to be speci?ed by 
each radio channel is encoding based on algebraic-geometric 
codes, and a divisor used for generation of the code Word 
upon the encoding based on the algebraic-geometric codes is 
different from one another every radio channel. 

3. A diversity Wireless communication method according 
to claim 2, Wherein a genus of an algebraic curve for 
de?ning the generation of the code Word upon the individual 
encoding based on the algebraic-geometric codes is assumed 
to be Zero. 

4. A diversity Wireless communication method according 
to claim 1, Wherein individual encoding to be speci?ed by 
each radio channel is encoding based on convolutional 
codes, and a transfer function matrix used for the generation 
of the code Word upon the individual encoding based on the 
convolutional codes is different from one another every 
radio channel. 

5. A diversity Wireless communication method according 
to claim 4, Wherein individual encoding to be speci?ed by 
each radio channel is encoding by linear-feedforWard shift 
register, and the encoding by linear-feedforWard shift reg 
ister is different from one another every radio channel, and 
the Wireless receiving station temporarily stores therein each 
of the received data obtained from the plurality of Wireless 
transmitting stations respectively, combines the received 
data in predetermined order according to the radio channels 
for receiving the received data temporarily stored therein, 
and thereafter performs an error correction on combined 
data according to the Viterbi decoding algorithms. 

6. A diversity Wireless communication method according 
to claim 1, Wherein the Wireless receiving station tempo 
rarily stores therein each of the received data obtained 
through the radio channels and received signal strength 
value thereof every radio channel, and selects, particularly 
When some of the received signal strength value of the 
received data temporarily stored therein exceeds a predeter 
mined threshold, one received data corresponding to the 
received signal strength value having exceeded the prede 
termined threshold, and decodes the one received data by a 
decoding method corresponding to encoding to be speci?ed 
by a radio channel through Which the one received data has 
passed. 

7. A diversity Wireless communication method according 
to claims 1, Wherein individual encoding to be speci?ed by 
each radio channel is not surjection but injection, a method 
of performing the individual encoding to be speci?ed by 
each radio channel is knoWn to the Wireless receiving 
station, and the Wireless receiving station temporarily stores 
therein each of the received data obtained through the radio 
channels every radio channel, and thereafter calculates a 
syndrome for each of received data, and particularly When 
some of the received data free of error detection exist, the 
Wireless receiving station selects one received data from 
some of the received data and decodes the same by a 
decoding method corresponding to encoding to be speci?ed 
by a radio channel through Which the one received data has 
passed. 

8. A Wireless communication apparatus comprising: 

a plurality of Wireless transmitting stations each provided 
With a transmitting antenna, a transmitter capable of 
transmission through a radio channel Which is pre 
speci?ed, an encoder for performing encoding process 
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ing corresponding to the radio channel, and a data input 
interface for obtaining data to be transmitted from an 
external device; and 

a Wireless receiving station including: 

a receiving antenna; 

a receiver capable of independently receiving signals 
from a plurality of radio channels; 

a plurality of buffers for storing received data respectively 
therein according to the plurality of radio channels for 
receiving the received data; 

a selector A for reading the received data from the 
plurality of buffers and sending the received data to 
either one of a plurality of decoders and a data corn 
biner according to the buffers subjected to the reading; 

the data cornbiner for combining the received data in 
predeterrnined order; 

the plurality of decoders for respectively executing pre 
determined decoding processes; 

a selector B for selecting decoded data in interlock With 
the selector A and outputting the same therefrom; and 

a data output interface for supplying the received and 
decoded data to an external device. 
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9. A Wireless communication apparatus according to 
claim 8, further comprising a Wireless receiving station 
provided With a receiver for outputting received signal 
strength value obtained upon reception of the received data, 
a plurality of buffers for storing the received signal strength 
value respectively, and a selector A having a function of 
reading the received signal strength value from the plurality 
of buffers, comparing the same With a predetermined thresh 
old, selecting one received data corresponding to the 
received signal strength value exceeding the predetermined 
threshold, and sending the one received data to a predeter 
rnined decoder. 

10. A Wireless communication apparatus according to 
claim 8, further comprising a Wireless receiving station 
provided With a plurality of detectors for respectively read 
ing the received data from the plurality of buffers and 
performing syndrorne calculation corresponding to the buff 
ers subjected to the reading, and a selector A having a 

function of selecting one received data Which brings a result 
of the syndrome calculation to Zero and sending the one 

received data to a predetermined decoder. 


