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respond with those of the second message. A first match is detected between
the number of all char- BACKGROUND OF THE INVENTION
acters contained in the first message and the num- ber of all characters
contained in the second mes- The present invention relates to a method for
5   sage. A second match is detected between each of distinguishing between
successively arrived mes-   the error-free characters of the first message
and sages. The present invention is particularly suited  each of
positionally corresponding error-free char- for use with a selective
calling radio display pager.  acters of the second message. Comparison is
then The state of the art with regard to correction of  made between each
of the error-free and error- errors in a received message is described
inter alia  10  containing characters of the first message and in the
specification of European Patent Application  each of positionally
corresponding characters of EP-A 0,193,188, published in September 3, 1986
the second message and the result (match or mis- as a radio paging device
having circuitry for rewrit-  match) of each comparison is counted. Thus,
com- ing a stored message with error-free characters.   parisons are made
between error-containing char- Radio paging signals of the same message are
15  acters of the two messages. When the count of the repeatedly
transmitted to increase the probability of  results reaches a predetermined
percentage of the reception. In the prior art specification, characters
number of all characters in each message, the first of each message are
checked for error and error-   and second messages are interpreted as
contain- free characters are stored in a first memory and   ing the same
information. In this way, successively )ose characters of successively
received message   20  arrived messages can be identified with a high are
stored in a second memory for comparison       degree of accuracy. with the
characters in the first. A control circuit    The message distinguishing
method is advan- makes the comparison by detecting a match be-
tageously incorporated in a selective calling radio tween all characters in
the first memory with those  display pager. The pager comprises means for
in the second memory and replaces the characters  25  receiving the first
and second messages and a in the second memory with those in the first mem-
memory for storing the messages into positionally ory. If the number of
characters in a later message  corresponding storage locations. A
controller de- differs from the number of those in a previous    tects a
first match between the number of all message, the later message is
apparently not a     characters contained in the first message and the
retranmission of the previous one and must be   30  number of those
contained in the second message stored into the memory as a different
message.     and proceeds to detect a second match between One disadvantage
of the prior art is that the control  each of the error-free characters of
the first mes- circuit performs the character-by-character com-  sage and
each of positionally corresponding error- parison even though such an
apparently different  free characters of the second message and further
message is received. Since the BCH code format  35  proceeds to compare
between each of the error- employed in the paging system treats a group of
free and error-containing characters of the first successive characters as
containing errors even if  message and each of positionally corresponding
only one of them is in error. The prior art approach  characters of the
second message. The controller sregards such error-free characters, and
hence   counts the result of comparison and determines if two messages
which are the same are likely to be   40  the count reaches the
predetermined percentage, interpreted as being distinct from each other.
and if so, it interprets that the later one of the messages is a
retransmission of the previous one. SUMMARY OF THE INVENTION
The controller includes error correction means which replaces
error-containing characters of one It is therefore an object of the present
invention   45  of the messages with positionally corresponding to provide
a method for distinguishing successively  error-free characters of the
other and provides a received messages with high efficiency and accu-
display of the character-replaced message. racy. In an embodiment to be
described, a method is   BRIEF DESCRIPTION OF THE DRAWINGS provided for
distinguishing between successively  so arrived first and second messages
each containing     The present invention will be described in fur- a
series of characters. The method comprises re-   ther detail with reference
to the accompanying ceiving successively arrived messages and detect-
drawings, in which: ing an error in each character of each message to
Fig. 1 is a block diagram of a selective calling identify it as an
error-containing character or error-  55    radio pager of the invention;
free character. The first and second messages are    Fig. 2 is an
illustration of the format of data stored into respective storage locations
so that the  employed in the present invention; characters of the first
message positionally cor- 2    



3                 EP 0 280 405 B1                     4 Figs. 3A and 3B are
flow diagrams of pro-        preted as being identical to each other, and
dis- grammed instructions performed by the control-   plays the corrected
message. ler of Fig. 1;                                       Referring to
Figs. 3A and. 3B, flow diagrams Fig. 4 is an illustration of examples
useful for    describing the error correcting operation of the describing
the operation of the present inven-   5   controller 4 of the present
invention are illustrated. tion; and
In Fig. 3A, the program starts with operations block Fig. 5 is an
illustration of the program of the flow  101 which directs the counting of
characters stored diagrams written by the C computer language.     in the
areas A and B to obtain [err] and [err] respec- tively, representing the
counts. Exit then is to de- DETAILED DESCRIPTION
10  cision block 102 which tests to see if [err] = [err]. If the answer is
negative, control interprets that the In Fig. 1, a selective calling radio
display pager  later message is different from the previous one is shown as
comprising a front end 2 which am-      and exits the program, and if the
answer is affir- plifies and demodulates a paging signal detected
mative, control proceeds to operations block 103 by antenna 1 and shapes
the waveform of the   15  which compares between error-free characters of
demodulated signal into a form sharply distinguish-  the two messages. Exit
then is to decision block able by a decoder 3. Decoder 3 checks the
identifi-  104 which determines whether there is a mismatch ers contained
in the paging signal with the pager's  between any pair of the error-free
characters of the own address stored in a memory. If a match is      two
messages. If the answer Is affirmative, control detected, the decoder 3
applies a message signal  20  interprets that the later message is a
different one that follows the identifier to a controller 4, which  and
exits the program, and if the answer is nega- supplies a tone signal to a
loudspeaker 5 to alert  tive, it advances to operations block 105 to com-
the pager's owner. The alarm is turned off when     pare between all
characters of the two messages manually operated switch 6 is operated. The
mes-   and detect mismatches [err]. Control exits to decision sage signal
is stored into a random access mem-   25  block 106 which multiplies NA by
a predetermined ory 7 for comparison with a subsequently received  fraction
[err], say 0.1 and compares it with [err]. If[err] is message signal. A
liquid crystal display 8 is con-  equal to or smaller than [err]  the later
message Is nected to the controller 4 to display the message   interpreted
as being a retransmission of the pre- stored in the memory 7.
vious message and if not, it is interpreted as being As shown in Fig. 2,
the paging signal is trans-  30   a different one. If the answer is
affirmative in block mitted in the format devised by the British Post
106, exit is to operations block 107, Fig. 3B, which Office Code
Standardization Advisory Group (POC-    directs the replacing of the
error-containing char- SAG) and adopted by CCIR as Radiopaging Code
acters of the later message with corresponding No. 1. A message signal is
shown as a series of     error-free characters of the previous message. If
characters "ABCDE fghi" respectively stored in  35  the corresponding
characters of the previous mes- memory locations X1 through X10. Each of
the        sage is in error, no replacement is made. Alter- characters is
composed of 7 bits according to the   natively, the error-containing
characters of the pre- ISO (International Standardization Organization) 646
vious message may be replaced with correspond- code. The message signal is
divided at 20-bit inter-  ing error-free characters of the later message,
as vals into blocks each of which is combined with  40  shown in operations
block 108. check bits and a parity bit to form a BCH (31, 21)     The
operation of the program will be visualized code which is capable of
correcting one error bit   with reference to Fig. 4. If the previous
message is and of detecting a maximum of four bits in each     as shown at
B1 and the later message is shown at code. If, for example, the character
"A" is detected  A having errors indicated by underlines, the latter by
decoder 3 as having two error bits, the first  45   will be treated by
decision block 102 as not being three characters "ABC" are treated as
containing    a retransmission of the previous message B1. If the errors
and the decoder 3 supplies an error flag to  previous message has one error
as shown at B2, a the controller 4 along with the characters.
mismatch is detected by decision block 104 be- Random access memory 7 has
at least two         tween the 12th characters which are not detected
message storage areas A and B for storing the   50  as being in error and
therefore the message A is message of a later arrival and the same message
treated as not being the same as the previous one. of a previous arrival,
respectively. In a manner   If the earlier message has two errors as shown
at described hereinbelow, controller 4 performs char-  B3 and no mismatches
exist between error-free acter-by-character comparison between the suc-
characters, control executes operations block 105 cessively arrived
messages to distinguish between   55  and detects three mismatches between
the 3rd, 7th them  and replace error-containing characters of    and 15th
characters. Since[err]=26, [err] is greater one of the messages with
error-free characters of   than [err]. Thus, the later message A is inter-
the other message if these messages are inter-      preted as being
different from the previous one. If 3    



5                 EP 0 280 405 B1                     6 the previous
message has one error as shown at         decoded message comprising
error-free char- B4 and no mismatches exist between error-free
acters and error-containing characters; mem- characters, control proceeds
to block 105 as in the    ory means (7) connected to said decoder ample
above, but detects two mismatches in the        means (3) for storing a
first decoded message 7th and 13th characters. Since NE is smaller than   5
in a first memory and a second decoded mes- 0.1 NA, the message A is
treated as being a retrans-   sage in a second memory; first comparing
mission of the previous message B4, and control        means (4, 101, 102)
for comparing the number proceeds to block 107 where the 6th, 7th, 8th,
13th,  of the characters in the first memory with the 14th, 15th, 20th,
21st and 22nd characters of mes-    number of characters in the second
memory sage A are replaced with corresponding error-free   10  and for
making a first decision if there is a characters of message B4 as shown at
A' with the       match between said numbers; second compar- 13th character
of message A being left unchanged      ing means (4, 103, 104) for
comparing error- since the 13th character of message B4 contains
free characters in the first memory with an error ("%"). Alternatively, the
11th and 12th       positionally corresponding error-free characters
characters of message B4 may be replaced with  is     in the second memory
and for making a sec- error-free characters of message A as shown at B4'
ond decision if there is a match between all with the 13th character of
message B4 being left      error-free characters of both memories; third
unchanged.                                             comparing means
(105, 106) for comparing all Fig. 5 is an illustration of a computer
program    characters in the first memory with positionally written by the
C programming language for execut-  20  corresponding characters in the
second mem- ing the flow diagrams of Figs. 3A and 3B. Part (A)    ory to
detect mismatches and for making a of Fig. 5 shows a sequence in which it
determines     third decision that both of the messages in the whether the
later message is a retransmission of      first and second memories are
identical to the earlier one or not, and part (B) shows a se-       each
other if the number (NE) of the detected quence in which error-containing
characters are  25    mismatches is equal to or smaller than a pre-
replaced. In Fig. 5, the following arguments are       scribed percentage
value ([err]) of the number used:
of characters in each of the memories; and message-A:   matrix containing
the characters       replacement means (4, 107) for replacing the of
message A                           error containing characters in one of
the first err-det-A:   matrix containing an error-de-  30     and second
memories of memory means (7) tecting flag of message A              with
corresponding characters in the other (err-det[err]] = 1  indicates that
memory when the first, second and third de- the n-th character of message A
cisions are made by the first, second and third is in error, and
err-det-A[n] = 0      comparing means (4, 101, 102) (4, 103, 104) indicates
that no error is detect-  35  (105, 106). ed in that character. Na:
Number of characters contained     2. A selective calling radio display
pager as in messages A                          claimed in claim 1, wherein
said coded signal message-B:   matrix containing characters of        has
the format of BCH (Bose-Chandhuri-Hoc- message B                     40
quenghem) error correcting codes. err-det-B:   matrix containing an
error-de- tecting flag of message A          Patentanspruche Nb:
Number of characters contained in message B                       1.
Personenrufempflnger mit Anzeige fOr wahl- 45      weisen Funkruf mit einer
Empfangseinrichtung Claims
(2) zum  Emptangen eines codierten Signals eines Fehler korrigierenden
Formats, das eine 1. A selective calling radio display pager includ-
Adresse und eine entsprechende Nachricht mit ing receiver means (2) for
receiving a coded       einer Reihe von Zeichen aufweist, einer Deco-
signal of error correcting format having an ad-  50 diereinrichtung (3) zum
Erkennen eines Feh- dress and a corresponding message contain-         lers
in jedem Zeichen der empfangenen Nach- ing a series of characters; decoder
means (3)      richt, die eine Einrichtung zum Identifizieren for detecting
an error in each of said char-       einer Gruppe von aufeinanderfolgenden
Zei- acters of said received message, including         chen als Fehler
enthaltende Zeichen, selbst means for identifying a group of successive
55   wenn nur ein Zeichen der Gruppe als fohlerhaft characters as
error-containing characters even     erkannj wird, und zum Erzeugen einer
deco- if only one of the characters of the group is      dierten; Nachricht
mit fehlerfreien Zeichen und detected as being in error, and for producing
a    fehlerhaften Zeichen aufweist, eaner Speicher- 4    



5                 EP 0 280 405 B1                    6                *   C
L  M   S   * the previous message has one error as shown at        decoded
message comprising error-free char- B4 and no mismatches exist between
error-free         acters and error-containing characters; mem- characters,
control proceeds to block 105 as in the   ory means (7) connected to said
decoder sample above, but detects two mismatches in the      means (3) for
storing a first decoded message 7th and 13th characters. Since NE is
smaller than   5  in a first memory and a second decoded mes- 0.1[err], the
message A is treated as being a retrans-   sage in a second memory; first
comparing mission of the previous message B4, and control       means (4,
101, 102) for comparing the number proceeds to block 107 where the 6th,
7th, 8th, 13th,  of the characters in the first memory with the 14th, 15th,
20th, 21st and 22nd characters of mes-    number of characters in the
second memory sage A are replaced with corresponding error-free  10  and
for making a first decision if there is a characters of message B4 as shown
at A' with the       match between said numbers; second compar- 13th
character of message A being left unchanged      ing means (4, 103, 104)
for comparing error- since the 13th character of message B4 contains
free characters in the first memory with an error ("%"). Alternatively, the
11th and 12th       positionally corresponding error-free characters
characters of message B4 may be replaced with  15     in the second memory
and for making a sec- error-free characters of message A as shown at B4'
ond decision if there is a match between all with the 13th character of
message B4 being left      error-free characters of both memories; third
unchanged.                                            comparing means (105,
106) for comparing all Fig. 5 is an illustration of a computer program
characters in the first memory with positionally ritten by the C
programming language for execut-  20  corresponding characters in the
second mem- ing the flow diagrams of Figs. 3A and 3B. Part (A)     ory to
detect mismatches and for making a of Fig. 5 shows a sequence in which it
determines     third decision that both of the messages in the whether the
later message is a retransmission of      first and second memories are
identical to the earlier one or not, and part (B) shows a se-       each
other if the number ([err]) of the detected quence in which
error-containing characters are  25    mismatches is equal to or smaller
than a pre- replaced. In Fig. 5, the following arguments are       scribed
percentage value [err] of the number used:
of characters in each of the memories; and message-A:   matrix containing
the characters       replacement means (4, 107) for replacing the of
message A                           error containing characters in one of
the first err-det-A:   matrix containing an error-de-  30     and second
memories of memory means (7) tecting flag of message A              with
corresponding characters in the other (err-det-A[n] =1  indicates that
memory when the first, second and third de- the n-th character of message A
cisions are made by the first, second and third is in error, and
err-det-A[n] = 0      comparing means (4, 101, 102) (4, 103, 104) indicates
that no error is detect-  35  (105, 106). ed in that character. Na:
Number of characters contained      2. A selective calling radio display
pager as in message A                           claimed in claim 1, wherein
said coded signal message-B:   matrix containing characters of        has
the format of BCH (Bose-Chandhuri-Hoc- message B                     40
quenghem) error correcting codes. err-det-B:   matrix containing an
error-de- tecting flag of message A          Patentanspruche Nb:
Number of characters contained in message B                       1.
Personenrufempfanger mit Anzeige ftr wahl- 45      weisen Funkruf mit einer
Empfangseinrichtung Claims
(2) zum  Empfangen eines codierten Signals eines Fehler korrigierenden
Formats, das eine 1. A selective calling radio display pager includ-
Adresse und eine entsprechende Nachricht mit ing receiver means (2) for
receiving a coded       einer Reihe von Zeichen aufweist, einer Deco-
signal of error correcting format having an ad-  50  diereinrichtung (3)
zum Erkennen eines Feh- dress and a corresponding message contain-
lers in jedem Zeichen der empfangenen Nach- ing a series of characters;
decoder means (3)      richt, die eine Einrichtung zum  Identifizieren for
detecting an error in each of said char-       einer Gruppe von
aufeinanderfolgenden Zei- acters of said received message, including
chen als Fehler enthaltende Zeichen, selbst means for identifying a group
of successive   55   wenn nur ein Zeichen der Gruppe als fehlerhaft
characters as error-containing characters even     erkannt wird, und zum
Erzeugen einer deco- if only one of the characters of the group is
dierten Nachricht mit fehlerfreien Zeichen und detected as being in error,
and for producing a    fohlerhaften Zeichen aufweist, einer Speicher- 4    
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S   * einrichtung (7), die mit der Decodiereinrichtung  du group. est
d6tect4 comme 6tant en erreur, (3) zum Speichern elner ersten decodierten
et pour produire un message decod1 compre- Nachricht In einem ersten
Speicher und einer      nant des caracthres d~pourvus d'erreurs et zweiten
decodierten Nachricht in einem zwei-  des caractbres, contenant des erreurs
; un ten Speicher verbunden ist, einer ersten Ver-   5  moyen de memoire
(7) connectd audit moyen gleicheinrichtung (4, 101, 102) zum Verglei-
de d~codeur (3) pour memoriser un premier chen der Zahl der Zeichen in dem
ersten Spei-     message d~codd dans une premibre m~moire cher mit der Zshl
der Zeichen in dem zweiten      et un second message ddcodd dans une so-
Speicher und zum Treffen einer ersten Ent-        condo mdmoire ; un
premier moyen de com- scheidung, wenn sine Obereinstimmung zwi-  10
paraison (4, 101, 102) pour comparer le nom- schen den Zahien vorliegt,
elner zweiten Ver-     bre de caractbres dans la premibre memoire
gleicheinrichtung (4, 103, 104) zum Verglel-      au nombre de caractbres
dans la seconde chen fehlerfreier Zeichen in dem ersten Spei-     merhoire
et pour prendre une premibre d~ci- cher mit beztglich der Position
entsprechen-      sion s'il existe une concordance entre besdits den
fehlerfreien Zeichen in dem zweiten Spel-  15  nombres ; un second moyen de
comparaison cher und zum Treffen einer zweiten Entschei-      (4, 103, 104)
pour comparer les caracthres dung, wenn eine Obereinstimmung zwischen
d6pourvus d'erreurs dans la premibre m6moire allen fehlerfreien Zeichen der
belden Speicher    aux caracteres ddpourvus d'erreurs classds de vorliegt,
einer dritten Vergleicheinrichtung (105,  manibre correspondante dans la
seconde m6- 106) zum Vergleichen aller Zeichen in dem   20    moire et pour
prendre une seconde d6cision ersten Speicher mit bez~glich der Position
ent-   s'il existe une concordance entre tous les ca- sprechenden Zeichen
In dem zweiten Speicher       ractbres d6pourvus d'erreurs des deux mdmoi-
zum  Erkennen von Diskrepanzen und zum            res ; un troisibme moyen
de comparaison Treffen einer dritten Entscheidung, dal beide     (105, 106)
pour comparer tous lee caracthres Nachrichten in dem ersten und dem zweiten
25    dans la premibre m~moire avec lee caracteres Speicher miteinander
identisch sind, wenn die     places de maniere correspondante dans la se-
Zahl (NE) der erkannten Diskrepanzen gleich       conde m6moire afln de
d6tecter les desac- oder kleiner ist als ein bestlmmter prozentualer  cords
et pour prendre une troisibme ddcision Wert (NAe) der Zahl der Zeichen in
jedem der      quo les messages dans les premibre et secon- Speicher, und
einer Austauscheinrichtung (4,  30  de memoires sont Identiques l'un &
i'autre sl le 107) zum  Ersetzen der Fehler enthaitenden        nombre (NE)
des ddsaccords ddtectds eat egal Zeichen in dem ersten oder dem zweiten
Spei-      a ou inf~riour a un pourcentage prescrit (NAe) cher der
Speichereinrichtung (7) mit entspre-     du nombre des caractbres dans
chacune des chenden Zeichen In dem anderen Speicher,          m~moires ; et
un moyen de remplacement (4, wenn die erste, zweite und dritte Entscheidung
35  107) pour remplacer les caractbres contenant durch die erste, zweite
und dritte Vergleichein-  des erreurs dans une m6molre des premibre
richtung (4, 101, 102) (4, 103, 104) (105, 106)   et seconde mdmoires du
moyen de. m~moire getroffen ist. *                                  (7)
avec des caracteres correspondants dans I'autre m~moire lorsque les
premibre, seconde 2. Personenrufempfanger mit Anzeige ftr wahl-  40     et
trolsibme d~cisions sont prises par lea pre- weisen Funkruf nach Anspruch
1, wobel das         mier, second et troisibme moyens de compa- codierte
Signal das Format des BCH (Bose-         raison (4, 101,102) (4, 103, 104)
(105,106). Chandhuri-Hocquenghem) Fehlerkorrekturco- des hat.
2. Rdcepteur radio d'appel s~lectif A affichage 45      selon la
revendicatfon 1, dans lequel ledit si- Revendicatlons
gnal cod6 pr6sente le format des codes de correction d'erreur BCH (Bose -
Chandhuri - 1. Rdcepteur radio d'appel s9lectif a affichage
Hocquenghem). comportant un moyen de r~cepteur (2) pour recovoir un signal
code d'un format de correc-  50 tion d'erreur ayant une adresse et un
message correspondants contenant une serie de carac- tires ; un moyen de
d~codeur (3) pour d~tec- ter une erreur dans chacun desdits caractbres
dudit message recu, comportant un moyen   55 pour identifier un group. de
caractbres suc- cessifs en tant que caractbres contenant des erreurs meme
si seulement un des caractbres 5    


