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timng circuit of FIG 8. FIG 12 is a-block di agram of one correl ator
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conventional circuitry for detecting the presence of a tone signal which
enpl oys the rectangul ar observation wi ndow or interval of FIG 2 to
appropriately sanple received tone signals. The main |obe response at
frequency [err] is normalized at 0 EB. 0|1t34810derved that by enploying the
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specifically, the response exhibited by the first side |obe at a frequency
of [err] i% -13.26 dB with respect to the main | obe response at a frequency
[err] Thus, due to the relatively high response exhibited at the first side
| obe (F-1) a decoder enploying the rectangular wi ndow of FIG 2 nay tend to
yield false indications that a desired signal exhibiting a frequency of
[err] is peresent when, in reality, a signal exhibiting a frequency of [err]
is present. The so side | obe response fornmed by the side | obes at
frequencies of [err] and [err] is also shown in FIG 6A FIG 6B
illustrates the inproved side | obe response achi eved by the decoder
apparatus mf the present invention which enploys the nodified substantially
rectangul ar observation interval of FIG 5 to wi ndow the sanpl es taken of
the received tone signal by sanpling circuit 30. The rmain | obe response is
centered about a frequency of 1,000 Hz [err] and exhibits a relative peak
amplitude,of O dB. First and second side | obes 55 are shown at frequencies
of [err] and [err] respectively. It is observed that in the response
chagacteristics shown in FIG 6B, the peak anplitude of the first side |obe
atfrequency [err] is -17.05 dB. In conparison, the peak anplitude of the
first sidgslobe [err] for the response of FIG 6A is -13.26 dB for the

rect angul ar observation wi ndow. Thus, it is seen that the decoder apparatus
of the present invention achieves an inprovenent of 3.79 dB in first side

| obe response suppression as conpared to techni ques enpl oying the 60

rect angul observation window of FIG 2. The following Table 1 is a
listing of the increases in dB s in the suppression of the first side |obe
as a function of the tine position of bite 70 (bite tine position) wthin
the T1 observation interval and as a function of the tinme duration of the
bite (bitgsduration). Bite duration and bite tinme position are expressed as
fractional” portions of the Tl observation interval which is normalized to
exhibit an overall duration of 65 unit time 1. Various bite tine positions
are listed at the top of each columm of dB suppression inprovenment 4 . EP
0134810 Bl val ues. Various values of bite duration are expressed as
fractional portions of the Tl observation w ndow at the begi nning of each
row of dB inprovement of first side |obe suppression. 5 10 15 20 25 30 35
40 45 50 55 60 65 5 EP 0134810 Bl ., [err] EP 0134 810 Bl From Tabl e
1, kt/jis seen that the inprovenment in first side |obe suppression achieved
by the deddder of the present invention varies with the position of the
bite (bite time position) within the Tl observation interval and also with
the duration of the bite. Depending on the bite tine position and the bite

duration of a
50



ticular bite in the Tl observation interval, increased side |obe

ppr essi on, decreased side | obe 5 suppression or the sanme anount of side

be response is achieved, as conpsgRrdg\34gt@cByers enpl oying the '

pl etely rectangul ar, observation wi ndow shown in FIG 2. Mre

pcifically, referring directly to Table 1, it is seen, for exanple, that
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ecoder apparatus of the present invention. FIG 8 is substantially simlar
0 the observation wi ndow of FIG 5 except that the bite during which
genpling circuit 30 is inhibited is now, by symmetry, situated near the end
the T1 tinme interval instead of near the beginning of the T1 tine
terval. The bite showmn in FIG 8 is designated bite 80. In an alternative
hbodi nent of decoder apparatus of the present invention, the bite is 45
tuated in the manner shown in FIG 8 fog bite 80 as opposed to the manner
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The optinmal tine duration or bite duration T2 for bite 80 is .12 T1 as
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Shown in FIG 8 is enployed in the decoding apparatus of the present
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i nstant Agsignee. United States Patent, 4,216,463 is incorporated herein by
reference. Such correlator is now described briefly in the discussion of
FIG 12. A sine wave reference signal sinfyerr is applied via a limter
circuit 61 to one input 62A of a two input 45 nultiplier circuit 62, the

remai ni ng i nput of which is designated 62B. M xer input 62A is coupl ed via
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the received signal generated by sanpling circuit 30 of FIG 4 are provided
to multiplier inputs 62B and 66B 50 via a limting circuit 50 coupl ed _
bet ween sanpling circuit output 3 |di Ol her i Nputs 62B and 66B: It is
noted that although in the repre’s%ﬁrl?-i@l#%ﬁ)l'—#g 4 timng circuit 40 is -
shown coupled to sanpling circuit 30, timng circuit 40 i s shown
operaflvely coupled to converter circuit 50 as well, in a nmanner so as to
appropriately permt sanples weighted by a factor of 1 to be supplied to
correlator 60 during all portions of the Tl observation interval except for
the T2 bite portion thereof during which sanples weighted zero are 55
supplied to correlator 60. Each of the sanples reaching nmultiplier input
62B are nmultiplied by the sine wave reference signal at multiplier input
62A. The resultant of Si bwuﬂﬁwti Qasa;@a.‘ mass&%vaéhkhﬁnmﬁuhcof
multiplier 62 which is Egg
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circuit of the;nesentlr@@%E@ﬁﬁ EEJﬂﬁ#aﬁeiihma@&ﬁhxﬁé~aﬁﬁ|tude of
the first side |obe for tie3e:rcxefeedt 1oRe -afgﬂars-as‘mw * ¥HES
permtting the threshold of threshold det ecforulAdoma28oe~sat at
relatively lower levels resulting in an increase in the probability of tone
signal detection. Alternatively, the threshold of threshold detector 120 'is
not changed to the aforenentioned relatively |ower level. In such case, the
result is a correspondi ng decrease in the probability of detector 120
responding to tone signals occurring at frequencies corresponding to the
first side |lobe response. FIG 13 is a flow chart describing the operation
of the apparatus of the present invention when the Tl 25 observation
interval shown in FIG 8 is enployed therein. It is recalled that in
accordance with the invention, during su8h T1 observation interval or
observati on wi ndow, sanples of the received tone signal are taken, weighted
by a factor of one, and correlated until the tine .82 Tl is reached. At
such time bite 80 commences during which sanples of the received signals
are wei ghted zero or otherw se suppressed or inhibited for the duration of
the bite mhlch eX|sts froma tlne equal to 82 T1 and .94 Tl At the end of
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230. After incrementing in accordance with block 230, a decision block 240
I's provided which determ nes whether a particular sanple occurs during the
bite- 80 of the T1 tine interval, that is between a tine equal to 40 .82 T1
and .94 T1. If SMPNMis between .82 T1 and .94 T1 (which corresponds to
bei ng_))et ween 82 and 94 in the flowEMd® 134840 B113), then the deci sion
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the frequency decoder o e present inven |on detal matlon on the operation of the

aforementioned microcomputer, reference may be made to the "M68051M146805 Family Microcomputer/

L/ Microprocessor User’'s Manual” published by Motorola, inc. 3501 Ed Biuestein Bivd., Austin, Texas 78721,

. 45 the contents of which are incorporated herein by reference. Even more detailed information regarding this
microcomputer is conveniently found in the “Motorola Microprocessor Data Manuai” in the section
entitled “MC146805G2”, the contents of which are also incorporated herein by reference.

Microcomputer pins 19 and 2, respectively designated PB7 and INT are electrically coupled to a power
supply. Pin 5, designated PAS is coupled to an input of receiver audio circuit 340. Pin 18 designated PB6 is
60 coupled to limiter circuit 370 as shown in FIG. 15, Pin 8, designated PA3 is coupled to the output of squeich
circuit 330.
Terminals 40 (VDD), 22 (PC6), 23 (PCS5) and 24 (PC4) are coupled together and to pins 12 (RESET) and 14
(VCC) of read onily memory 350 and to a source of appropriate operating voitage designated B+. One read
only memory which may be employed as read only memory 350 is the Motorola EEPROM MCM2802P. Pins
55 4 (VPP), 3 (T1), 5 (S4), 7 (VSS), 8 (S3), 9 (S2), 10 (S1) and 13 (T2) of read only memory 350 are coupled
together and to ground and to microcomputer pins 20 (VSS), 37 (TIMER) and 3 (NUM). Microcomputer pins
7 (PA4), 14 (PB2) and 21 (PC7) are coupled to each other and to ground. in this embodiment of the
invention, microprocessor 330 is appropriately clocked at a 1 MHz bus frequency.
Table 3 is a hexidecimal core dump of the contents of microprocessor 330. Table 4 is a hexidecimal
60 dump of the contents of read only memory of code plug 350. When microcomputer 330 and read only
memory 350 are appropriately programmed by reading the contents of Tables 3 and 4 therein, respectively,
microcomputer 330 together with read only memory 350 and theremaining portions of the circuit shown in
FiG. 15 cooperate to implement one embodiment of the present invention. Tabies 3 and 4 follow.
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4. The circuit of claim1l wherein said means for ignoring establishes a
bite interval occurring within 60 said observation interval between
approximately 0.06 T1 and approprabe*# h8 , wherein T1 is defined to
be tinme duration of the observatron | ni-erva The circuit of claim1l
wherein said nmeans for ignoring establishes a bite interval centered at
approxi mately 0.13.71,. \A@gr.,e._l 8 &b b5 dedqd ragdtgg V\fé;tdengé%r gkion of the
observation inter\aro é k2 &4 2€UES vof 2cloai @B iE Al 8s 3® €pi gnori ng neans
furthergincludes \geg h=tF1 oms%%m LY |wopoo§5{‘sam dmsa@rr%gl means, for
wei ghting each of %En gﬂ %’pfg vgh" % Iﬁg:l £for consisting
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A6 0870 1B BD B7 A6 2E BD 87 20 08 A6 1B BD AF A6 2E BD 08B0 AF 81 00 00 00
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05 E4 91 2A 3C 92 0D 04 55 BF 49 26 3 CD 04 55 20 80 80
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al ternat 'ngl o m'é,n : ne “gf b WLWEER r :r?ehéx t’f@:ﬂ@ oéf
correl atiJxdd tﬂé‘& c’i”ihesda%é\ g&ér m to
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-The circuit of claim2 wherein said neans for perform ng includes neans,
esponsive to said ignoring neans for assum' ng an idle node for purposes
f reducing power consunption. Pﬁ claim1l1l wherein said neans
of ignoring establishes a bite |nEEerva occurr| ng within 60 sai.d
bservation interval between approximately 0.06 T1 and approxi mately 0.18
1~herein T1 is d bldEd Etozé)%ztéﬂr%dfﬂ' 3p | @ANeOi2el P DSETMARL ON I nterval.
. The circuit of CE aﬁtm‘ s N2ES 8b kRR NS imm EDGFI g 2eSembl | shes a
ite intgrval cent en@@ af S1ppe ORi hgatﬂel 90 10@ m °°\/\P|Qer°@| PO PP P& defined to
e time duration of $¥3fe? §lf‘$e§3(%ﬁl7 :ﬁ 5. 45 2 Ri Bt 2dbf claim1
erein said |gnor|ng means urther I nC udes melg ht1 ng neans, coupled to 65
aid sanpling neans, for weighting each of the unignored sanpl es wth a

i ghti nﬂ, factor consisti ng of a 14 EP 0134 10 Bl nuneri cal constant and
or weighting each of the |gnored sarrpl es W|th a vvel ht| g‘l agtor of 0.0.
%. The circuit of cf hep A9 et” s—equal to 1.0.

. The circuit of claim1l wherein sai d port ion of said sanpl es includes a
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taking a plurality of successive sanples. 21. The circuit of claim 20
wherei n sai d successive sanples are centered about approximately 0.12 T1.
22. .The circuit of claim 20 wherein said successive sanples are inhibited
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