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BACKGROUND OF THE INVENTION ““‘I" i“l“

The present invention relates generally to digital communications.
More specifically, the present invention relates to a system in which
variable rate data is transmitted without an indication of the data rate and is
received at a communications receiver where the data rate of the
transmitted data is determined for use in processing the data.

In digital communications systems, particularly those which use
spread spectrum modulation, a transmitter may employ a vocoding system

- which encodes voice information at a variable rate to lower the data rate

during pauses or other absences of voice activity, thereby reducing the level
of interference caused by this transmitter to receivers other than the
intended receiver. At the receiver, or otherwise associated with the
receiver, a vocoding system is employed for reconstructing the voice
information. It should be understood that in addition to voice information,
non-voice information alone or a mixture of the two may be transmitted to
the receiver. ] .

A vocoder which is suited for application in this environment is
described in copending U.S. patent application Ser. No. 07/713,661, entitled
"VARIABLE RATE VOCODER," filed June 11, 1991 and assigned to the
assignee of the present invention. This vocoder produces from digital
samples of the voice information encoded data at four different rates, e.g.
approximately 8,000 bits per second (bps), 4,000 bps, 2,000 bps and 1,000 bps,
based on voice activity during a 20 millisecond (ms) frame. Each frame of
vocoder data is formatted with overhead bits as 9,600 bps, 4,800 bps,

2,400 bps, and 1,200 bps data frames. The highest rate data frame which

corresponds to a 9,600 bps frame is referred to as a "full rate” frame;
a 4,800 bps data frame is referred to as a "half rate" frame; a 2,400 bps data
frame is referred to as a "quarter rate" frame; and a 1,200 bps data frame is
referred to as an "eighth rate" frame. In neither the encoding process nor
the frame formatting process is rate information included in the data.

Additional details on the formatting of the vocoder data into data

frames are described in copending U.S. patent application Serial
No. 07/822,164, entitled "METHOD AND APPARATUS FOR THE

Iaced
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transmitter. These problems and deficiencies are clearly felt in the art and

are solved by the present invention in the manner described below.
20 | SUMMARY OF THE INVENTION

The present invention relates to a system for determining at a
receiver of a variable rate communications system the rate at which data has
been encoded by a transmitter of the communications system. Although

25 the present invention may be used in many communications systems, it is
particularly useful in cellular communication systems that use a variable
rate vocoder for encoding and decoding speech at a plurality of discrete rates
or a variable rate data transfer protocol. Such communication systems
include mobile telephone, personal communication devices, wireless local

30 loop and private branch exchange, and particularly those that use spread

- spectrum modulation. The present invention may be used in the receivers
of both the "mobile station” and the cell site or "base station” or wherever
the receiving vocoder is located in a system such as a cellular telephone
system to provide the receiver vocoder with rate information, thereby

35 enabling the receiver vocoders to decode the encoded speech.’

The present invention receives a frame consisting of a predetermined
number of symbols which represents speech that was digitized and encoded
by the transmitter vocoder during a predetermined time period. The
received frame may consist of multiple copies of each symbol if the
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For a more complete understanding of our invention, we now refer
to the following detailed description of the embodiments illustrated in the
20 accompanying drawings, wherein:
Figure 1 is a block diagram showing the present invention in the
receiver of a cellular telephone system;
Figure 2 is a block diagram of the rate determination apparatus of the
base station receiver of a cellular telephone system;
25 Figure 3 is a block diagram of the rate determination apparatus of the
mobile station receiver of a cellular telephone system; and
Figure 4 is a flow diagram of a rate determination process.

DESCRIPTION OF THE PREFERRED EMBODIMENT
30
In Figure 1, a digital communication system is illustrated. For
purposes of example this system is described herein within the context of a
CDMA cellular telephone system. However it should be understood that
the invention is applicable to other types of communication systems such as
35 personal communication systems (PCS), wireless local loop, private branch
exchange (PBX) or other known systems. Furthermore systems employing
other well known transmission modulation schemes such as TDMA may
employ the present invention. The system in Figure 1 comprises a
transmitter 10 and a receiver 12, which may be either a base station (also
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Vocoder 14 selects a rate in response to the amount of voice activity in voice
10 data 16, as described in the above-referenced U.S. patent application, Serial
No. 07/713,661, and encodes the voice data accordingly. Vocoder data bits 20
and the determined rate are provided to modulator 18. Modulator 18 is
described in the above-referenced U.S. Patent No. 5,103,459, and is briefly
discussed herein for background information. Although the present
15 invention is discussed with respect to four different data rates, it should be
understood, however, that the teachings of the present invention are
applicable to systems where a greater or lesser number of data rates may be
employed. Furthermore the data rates discussed herein are for purposes of
example and other data rates may be used. For example, an alternative set
20  of frame rates may be 14,400 bps, 7,200 bps, 3,600 bps, and 1,800 bps.

By way of example, the following data frame information is provided
for a further understanding of the frame formatting. As. mentioned
previously, all frames are 20 ms in duration. A vocoder full-rate frame is
comprised of 160 data bits and 11 internal check bits. This full-rate vocoder

25 frame is formatted by modulator 18 into a 9,600 bps transmission frame
which is comprised of 192 bits. These 192 bits are formed from the 171
vocoder-produced data bits, a mode bit, 12 CRC bits and 8 tail bits. A
vocoder half-rate frame is comprised of 80 bits and may be formatted into
a 4,800 bps transmission frame of 96 bits. The 4,800 bps transmission frame

30 is comprised of the 80 vocoder bits along with 8 CRC bits and 8 tail bits. A
'vocoder quarter-rate frame is comprised of 40 bits and may be formatted into
a 2,400 bps transmission frame of 48 bits. The 2,400 bps transmission frame
includes along with the 40 vocoder bits, 8 tail bits. Finally, a vocoder eighth-
rate frame is comprised of 16 bits and may be formatted into a 1,200 bps

35 transmission frame of 24 bits. The 1,200 bps transmission frame includes
along with the 16 vocoder bits, 8 tail bits.

It should be understood that a mixture of voice and non-voice data
may be formatted into a 9,600 bps transmission frame when less than full-
rate vocoder data is provided. The mode bit and additional overhead bits
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Modulator 18 includes circuitry (not shown) which adds cydlic
redundancy check (CRC) bits to full and half-rate frames and tail bits to all
rate frames (not shown) to vocoder data bits 20. Modulator 18 preferably
20 includes an encoder (not shown) which convolutionally encodes each
" frame of data (not shown) to produce frames of symbol data. In the forward
link the convolutional encoding is preferably rate one-half, and in the
reverse link the convolutional encoding is preferably rate one-third.
' Each frame of symbol data is interleaved by an interleaver (not
25 shown), preferably on a bit level basis, to increase time diversity for
purposes of error correction. For those frames corresponding to a data rate
less than the highest data rate, e.g. 9,600 bps, modulator 18 repeats symbol
data to maintain a constant symbol rate for the frame. In other words, if the
rate selected by vocoder 14 is less than that which corresponds to a 9,600 bps
30 frame rate, modulator 18 repeats the symbols to fill the frame with the
* number of repeats dependent upon the data rate. For a frame corresponding
to a 9,600 bps data rate, all Symbols are provided by modulator 18 in an
interleaved data frame. However for a frame corresponding to a 4,800 bps
data rate, modulator 18 provides the symbols twice in an interleaved data
35 frame. Similarly for frames corresponding to 2,400 bps and 1,200 bps data
rates, modulator 18 respectively provides the symbols four times and eight
times into an interleaved data frame. Thus in this exemplary embodiment,
a frame of symbol data consists of 384 symbols for forward link
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Figure 15 copengdingnly. g hpateot kapplicatign &c&al |Nd4 07 4848,3t2r entitled "DATA
BURST RANDOMIZER," filed March 5, 1992, and assigned to the assignee of
the present invention. Using the data burst randomizer, non-full rate data
is sent in gated time segments. The ratio of the data burst segments to the
total time is proportional to the data rate. Thus in the exemplary
20 embodiment, a frame of full rate data consists of 576 symbols (rate one-third
coding) for a symbol frame rate of 28,800 sps; a frame of half rate data
consists of 288 symbols at a symbol frame rate of 28,800 sps transmitted with
a 50% duty cycle; a frame of quarter rate data consist of 144 symbols at a
symbol frame rate of 28,800 sps transmitted with a 25% duty cycle; a frame of
25 eighth rate data consists of 72 symbols at a symbol frame rate of 28,800 sps
transmitted with 12.5% duty cycle.

Receiver 12 comprises a demodulator 26 for demodulating and
deinterleaving received symbol data 24. Demodulator 26 provides symbol
data 28 to decoder 30, which includes the rate-determination system of the

30 present invention. Demodulation symbols data 28 is "soft decision data"

-because it is the actual values of the I and Q components of the received

symbol data 24 which is comprised of the transmitted symbol data 22 and
the .interferences rather than being the binary representation of a decision
on the most likely transmitted symbol.

35 The apparatus shown in Figure 2 determines the rate at which data is
encoded for a forward link transmission. The apparatus as illustrated in
Figure 2 and in Figure 3 subsequently introduced is shown as having
multiple parallel paths for data processing for ease in understanding of the
invention. However, it should be understood that only a single path is
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65 transmitted frames, symbols are repeated for lower rate frames to achieve a
constant number of symbols in a frame as transmitted. In order to provide
15 an increase in quality, at the receiver the repeated symbols are summed and
scaled to provide for each set of repeated symbols a combined symbol
representative of the original symbol before repetition on the transmit end.
Summer 38 sums every 8 symbols and provides a scaled sum symbol
data 40. Summer 36 sums every 4 symbols and provides a scaled sum
20 symbol data 42. Summer 34 sums every 2 symbols and provides scaled sum
symbol data 44. Thus, summers 34, 36, and 38 correspond to half-rate data
through elghth-rate data, respectively.
_ Each of four Viterbi decoders 48, 50, 52, and 54 decode symbol data 28
and convolutionally-encoded scaled sum symbol data 44, 42, and 40,
25 respectively to provide corresponding bit data. Viterbi decoders 52 and 54
include means for producing Yamamoto Quality Metrics 60 and 62,
respectively, which are provided to microprocessor 56 as Q4 and Q8
respectively. Yamamoto Quality Metrics 60 and 62 are each typically
represented by a one bit value for each frame. A Yamamoto Quality Metric
30 is'a well known indicator of data quality. In other embodiments, Viterbi
"decoders 48 and 50 may produce Yamamoto Quality Metrics, as well.
However since other more precise quality indicators are present in the
higher rate data, the use of the Yamamoto Quality Metrics is generally not
necessary. In other embodiments, Yamamoto Quality Metrics 60 and 62 may
35 be produced by circuitry external to Viterbi decoders 52 and 54.
As mentioned previousiy, each of Viterbi decoders 48 - 54 produce
decoded symbol data or bit data 68, 70, 72, and 74, respectively.
Encoders 76, 78, 80, and 82 re-encode the decoded symbol data 68-74,
respectively. Comparators 84, 86, 88, and 90 compare re-encoded bit
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80 any 10 oand 418 iprowidd GR@rQS@ﬂtShls?Qw@ad d22, wespectively; to mpmcgms%f
the draw ngafe 4 €57 respectively. In other embodiments, circuits may be provided
to check the CRC bits of decoded symbol data (bit data) 72 and 74 as well if so
provided. In the exemplary embodiment disclosed herein, and in the
copending patent applications and U.S. Patent No. 5,103,459, CRC results 120
15 and 122 are each typically represented by a one bit value.
In the reverse link, decoder 30 comprises the apparatus shown in
Figure 3. Soft-decision symbol data 180 comprises time-gated bursts of
symbols (not shown). Modulator 18 pseudorandomly masks out the
" redundant symbols in frames transmitted at less than full-rate using a
20 prbcess described in above-referenced U.S Patent No. 5,103,459, and further
described in copending U.S. patent application Serial No. 07/846,312. Again
in Figure 3, as in Figure 2, the apparatus is illustrated as having multiple
parallel paths for data processing for ease in understanding. However it
should be understood that a single path is preferred using shared circuit
25 elements. In the shared element arrangement the demodulated data is
stored in a buffer (not shown) as received and provided to the path for
repeated processing of the frame for each of the possible data rates. In Figure
3, selector 182 receives symbol data 180 and extracts one-half the symbols to
produce selected symbol data 188; selector 184 receives selected symbol data
30 188 and extracts one-half the symbols to produce selected symbol data 190;
and selector 186 receives selected symbol data 190 and extracts one-half the
symbols to produce selected symbol data 192. As mentioned in conjunction
with the reverse link, symbols are repeated to achieve a constant number of
symbols in the frame. However upon transmission only one set of each
35 different repeated symbols sets are actually transmitted. On the receiver end
the received symbols are treated as being symbol sets for the various possible
rates. Viterbi decoder 194 receives symbol data 180; Viterbi decoder 196
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em in 'Rates 5234 236, 238, and 240 represent the number of mismatches in a frame

and are provided to microprocessor 242 as S1, %2 i:— and -ég, respectively.

Viterbi decoders 198 and 200 also produce Yamamoto Quality
Metrics 244 and 246, respectively, which are provided to microprocessor 242

20 as Q4 and Q8 respectively. In other embodiments, Yamamoto Quality
Metrics 244 and 246 may be produced by circuitry external to Viterbi
decoders 198 and 200. As discussed previously the Yamamoto Quality
Metrics are represented by a single bit value.

Cyclic redundancy check (CRC) circuits 248 and 250 check the CRC bits

25 of decoded symbol data 202 and 204, respectively. CRC circuits 248 and 250
provide CRC results 252 and 254, respectively, to microprocessor 242 as Q1
and Q2, respectively. In other embodiments, circuits may be provided to
check the CRC bits of decoded symbol data 206 and 208, as well. CRC
results 252 and 254 are each typically represented by a one bit value.

30 - Microprocessors 56 and 242 use a process illustrated by the binary
decision tree shown in Figure 4 to determine the rate at which data is
encoded in a forward link and reverse link transmission, respectively. The
reverse link rate determination process is the same as the forward link rate
determination process with the exception of some of the threshold values

35 in the expressions. The threshold values in the process are a function of the
link and can be modified for different environments. Table 1 gives a set of
value for the ten thresholds of Figure 4. The inputs to the process are
collectively known as "error metrics” and comprise CRC results Q1 and Q2,
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15 results as comparing all three symbols. Therefore the entries given in Table
I reflect the comparison of 384 symbols/frame (equal to the two-thirds of the
actual 576 symbols received each frame) and a corresponding scaling in the
S1, 82, 54, and S8 values. The most general expression for the empirical
results of Table I are given in the columns labeled Forward Link % and
20 Reverse Link % which gave T3 - T10 as a percentage of the number of
symbols in a frame. '
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With regard to Table I, it should be noted that the expressions in both
the forward link process and the reverse link process shown in Figure 4
reflect the results of empirical studies primarily on voice data for the
particular frame and modulation numerology disclosed herein and in the
copending patent applications previously identified and U.S. Patent No.
5,103,459. Other expressions may provide better results when non-voice
data, such as facsimile data, is transmitted or when the system is operating
over a different environment, such as indoor environments. Accordingly,
other values may be readily used in the Symbol Error Rate comparisons, for
comparison levels and added constant values.

The process described with reference to Figure 4 is executed once for
each frame. To normalize the input to the decision process, the S values for
the non-full rate data processes are multiplied times the inverse of the data

rate. In this case SZ=2x%,S4=4x'~'?-,S8=8x-‘S§. Upon beginning the

,"prbcess for the frame if the expression at node 124 is true, then the
microprocessor proceeds to node 126; if false, then the microprocessor
proceeds to node 128. At node 124, the expression "Ql=1 & Q2=1" signifies
that CRC result Q1 is equal to one and CRC result Q2 is equal to one. In this
embodiment, CRC values of one (1) and zero (0) respectively represent that
the CRC for the received frame of data was correct and incorrect
respectively. Throughout the tree, the symbol "&" denotes a Boolean AND

to

and

say
S

ng

operator, the symbol "|" denotes a Boolean OR operator, and the symbols

"=" and "s" both denote relational operators.
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At node 130, the expression "Q2=1 & S2<T3" signifies that CRC

result Q2 equals one and Symbol Error Rate S2 is less than or equal to a
symbol error rate of T3. If the expression at node 130 is true, the
microprocessor proceeds to node 132; if false, then the microprocessor
proceeds to node 134.
' At node 132, the expression "Q8=1 : (Q4=0 | S8<S4)" signifies that
Yamamoto Quality Metric Q8 is equal to - .:e and the expression signifying
that Yamamoto Quality Metric Q4 is equal to zero or Symbbl Error Rate S8 is
less than or equal to Symbol Error Rate S4 is true. Again for this
embodiment, Yamamoto Quality Metric values of one (1) and zero (0)
respectively indicate a high or low probability of correct decoding of the
symbol data by the Viterbi decoder.

If the expression at node 132 is true, then the microprocessor proceeds
to node 136; if false, the microprocessor proceeds to node 138. At node 136,
the expression “S2<58+Ty4" signifies that Symbol Error Rate S2 is less than or

“ equal to Symbol Error Rate S8 plus T4. If the expression at node 136 is true,

35

then the microprocessor determines that the rate is half-rate at output 131
and provides a corresponding frame rate indication; if false, then the
microprocessor determines that th: rate is eight-rate at output 133 and
provides a corresponding frame rate indication.

At node 138, the expression "Q4=1" signifies that Yamamoto Quality
Metric Q4 is equal to one. If the expression at node 138 is true, then the

microprocessor proceeds to node 140; if false, then the microprocessor

determines that the rate is half-rate at output 135 and provides a
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provides a corresponding frame Tate 1nci1capzon, if false, then the
microprocessor proceeds to node 146. At node 146, the expression "54<58 &
S4<T7" signifies that Symbol Error Rate 54 is less than Symbol Error Rate S8
and Symbol Error Rate 54 is less than or equal to a symbol error rate of T7. If
20 * the expression at node 146 is true, then the microprocessor determines that
the rate is quarter-rate at output 143 and provides a corresponding frame
rate indication; if false, then the microprocessor cannot determine the rate
and provides an "erasure” indication at output 145. Because the receiver
vocoder (not shown) cannot decode a frame unless the microprocessor
25 provides it with the rate, the receiver vocoder ignores the current frame and
interpolates the voice data between the previous frame and the next frame

in response to the erasure indication.

At node 144, the expression "Q4=1 & S4<Tg" signifies that Yamamoto
Quality Metric Q4 equals one and Symbol Error Rate 54 is less than or equal
30 to a symbol error rate of Tg. If the expression at node 144 is true, then the
* microprocessor determines that the rate is quarter-rate at output 147 and
provides a corresponding frame rate indication; if false, then the
microprocessor proceeds to node 148. At node 148, the expression "Q8=1 &
S8<Tg" signifies that Yamamoto Quality Metric Q8 equals one and Symbol
35 FError Rate S8 is less than or equal to a symbol error rate of Tg. If the
expression at node 148 is true, then the microprocessor determines that the
rate is eighth-rate at output 149 and provides a corresponding frame rate
indication; if false, then the microprocessor proceeds to node 150. At
node 150, the expression "S1<T1o" signifies that Symbol Error Rate S1 is less
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frame is comprised of a mixture of vocoder data and non-voice data, or all
15 non-voice data, then a further inspection of the additional overhead bits
transmitted in type of frame is undertaken. From these additional
overhead bits the rate of the vocoder data, if present, is indicated. In those
cases where vocoder data is present in this type of frame, the microprocessor
provides to-the receiver vocoder the indicated frame rate of the vocoder
20 data rather than that determined from the received transmission frame. In
the case where the received transmission frame is comprised of all non-
voice data, and so indicated by the overhead bits, the microprocessor
provides a blank indication to the receiver vocoder.
The previous description of the preferred embodiments is provided
25 to enable.any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be
applied to other embodiments without the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
30 embodiments shown herein but is to be accorded the widest scope consistent
“with the principles and novel features disclosed herein.
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8 and counting a first number of errors, wherein an error occurs when said

received signal does not match said first received signal prediction, and

10 wherein said first number of errors prediction and said first quality
indication define a first error metric;

12 reducing said received signal to produce a second received signal
representing a second data rate;
14 decoding and re-encoding at said second data rate said second

received signal to produce a second received signal prediction and to
16 produce a second quality indication;
comparing said second received signal prediction to said second
18 received signal and counting a second number of errors, wherein an error
occurs when said second received signal does not match said second
20 received signal prediction, and wherein said second number of errors and
said second quality indication define a second error metric; and
2 predicting said data rate of said received signal based on a comparison
of each of said error metrics.

2. The method of Claim 1 further comprising the steps of:

2 reducing said received signal to produce a third received signal
representing a third data rate;
4 - decoding and re-encoding at said third data rate said third received

: signal to produce a third received signal prediction and to produce a third
6 quality indication; and
‘ comparing said third received signal prediction to said third received
8 signal and counting a third number of errors, wherein an error occurs when
said third received signal does not match said third received signal
10 prediction, and wherein said third number of errors and said third quality
indication define a third error metric. [ —
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Is con- as a matter of de5|tg choi ce, IS source nected to the
fourth ring arr&ngenEhr ms odafcClaim Zdoshhtervempﬂslmglthqstepsrdsfent to

flow  gwitches. reﬁhdﬂ 'am)%céﬁiea € a"l‘% g?&d@ée 3 gcﬂxrtlégg ?H%ﬁ tsl;gr}aéu' t,

resi stor associate a}g ter- an be SWit
Figure 85 IRPIRIPNUBE M IJrth dadar@t¢irents is characteristic  16) which is

oper at \(/a\ﬁ4t o cl os&idcbdk% aﬁdtx%Cérﬁ:odﬁx? gy sﬂiﬁi/fdlﬁ'th H%tit?ﬁ&@{shig??@t{ig‘%g%bgaggr

t cannin ns o e, ha e ti

of t he' Syt ST} D ARVRIce SkoUER FestiYieh iEPAL PEFUFHOM Ag 10 Produge 3 fdh

speed t 06t he;uahtyenqimationgahaoor from dI n operatlotnh boéh : f

t 0 ing, is e direction o

Lo, o gt o ShsO ", g,

Term nal 8 1oeedived signal, andrmbtﬁltmg eafdurthrmaurhbers ed érmrthwhmaimm@k?@ﬁmr are
ted t t r f ati.ve

ol ari ty. s CEs RHERsald Bl b fisignal oo S hB Brarl sold iR RBleied | o

to thei i baém@fedmr‘ma@dgmher@n wddnuﬁusemtmrmrmm ared Shidrfourth

si gni fying iqality uﬁi@xcanoﬁf&fﬁie% fQﬁrW?o?\%étﬁ'ﬂ associated with 30 a

hal | call for the associated |anding and acar is overcone by a
positive polarity sig- 95 direction of travel has been

registration nal si e whaghddabf t ORaiear1 ansRebat adidi 5 ftﬁi re ﬁhﬁ{gi
pr edet er g ned_t switch is approaching t | oor
associ atgd \ﬁﬁ’ﬂ?m@?&lq‘%éf‘?ﬂs ¥H2 of each floor switch is con-  that switch

and i s conditi ondividing dentineiedid Iiecéleddtsig'hhl t@?@?a@% afhsgaﬂr EEceNédStt
j unc- ragl.s' t soci ate W t a ion points
JUJlZ, UJ%Z, . hgngn%ﬁtgﬁé%g%gglﬁﬂ%? These signals are applied al ong
lines 100 summing said early recelved signal and said late received signal to

6 produce said second received signal.

5. The method of Claim 1 wherein said received signal is divided
2 in time into a set of segments and wherein said step of reducing comprises
the step of selecting a subset of said set of segments of said received signal to

4 produce said second received signal.

6. The method of Claim 2 wherein said step of reducing to
2 produce said third signal comprises the steps of:

dividing in time said second received signal to produce an early
4 second received signal and a late second received signal; and

summing said early second received signal and said late second
6 received signal to produce said third received signal.

7. The method of Claim 2 wherein said second received signal is

2 divided in time into a set of segments and wherein said step of reducing to
produce said third signal comprises the step of selecting a subset of said set

4 of segments of said second received signal to produce said third received

signal.

8. The method of Claim 1 wherein said first quahty indication is a
2 Cyclic Redundancy Check result.
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through a resistor circuit to_its respective | Ma(1), 2MDa(1l), etc., to
t hei r- r Q60133  t dhjgphesy Has laced; ¢ and 1DGCS(5), et c.pCTougdamiess f r om
the corresponding flo h termnal 1UC(6), etc.; is connected to
el ements 1MEa, TMEa, from gguipment shown in Figure 6 for
provi di ng the corresponding AND el:enents 2MEUa, 40 a positive
polarity signal which in accordance etc., or 2MEDa, etc., (Figure 1). The

bias 105 wth tle selmd gRiksd rog@-a;ﬂ‘@wﬁqé}leg‘:causes a of each switch
f

associated wth the.d(s)giann' n current to og&u t hrough its associ at ed
resistor ¢ means P&IGYEH rafg corgespowis; to, Bl pafegommpunication;t which is
characteri stic of saltsétnidgata ricitRirespattdd 16 half reb@bomitumeatiohng means
is its gni tude_. pr,aporiion 0, e i me scanni n e floor
associ at egﬂwi th t ﬁ@{m‘gﬁa%ﬁemﬁy%ﬁs doqyartey réﬁ%ﬁ%VL“g%PPOBéﬁﬂdat
the in the disaid fourthwathratetvortespones toveighth rate cobl@urdestien.at ed

floor. Each term nal 1DGCS(5), associ ated. These signals are applied
along etc., is connected to equipnent showmm in Ilines 1Ms, 2MJs, etc.,
(Figure 16). 10Fi gUite methédrofpChaimdOnwheaeposait fiest gubkity tigmdication,

Each si I | d 0 NSJ.8L0L.S: ' PRV o] [ car dance
win the ey SERsfonataly! B s ind QAN inflatbn, N ERY L3NG
current - t i meqyalibe indisatien aregachensinglerhibinany guality ndicationi weré¢iama to
assune t COT ind; 14 fsAcs ' ' [ ' Ie
ducting ?ta at IYauaé%EEe%? %@?ﬁg&? t anésa?afdila tﬁ,%%ébgﬁggafq%ﬁes%% ,_1§ by
having its rrﬁ'tfna?@d'@t&c@nes 2 grfﬁlf’?lci RQEE%W%WOG?BQ@ chaindicaigrmsald
por ti onalé t odatahgatei oftsaildl RickR@dasignal IO ndRINE data WFEEer@&?omdir% td]aiqput
o)

of their respectjve .,a car call at the associated fl oor. pur poses
oper at i onal 5}%*43? MACHeR- “etc. The i nput 55 of sinplifying
this disclosure the resistor cir- signal along line - PMa (Figures 2A and

ﬁé)gat .1\2/2 2p0|0§:’ f fy? .ng%?\'gnlgﬁgﬁ%d;?gaﬁ&%:%he&tiﬁ'Saici‘ Wep FRRelES; tg said
ata rate of said received signal comprises the steps of:
predicting said a first data rate if (said first quality indication = 1 AND
4 said second quality indication = 1) is true and (said first number of errors <
said second number of errors + T1) is true, or if (said first quality indication
6 =1 AND said second quality indication = 1) is false and (said first quality
indication = 1 AND said first number of errors S T?2) is true;

8 - predicting a half-rate indication if (said first quality indication = 1
AND said second quality indication = 1) is true and (said first number of
10  errors < said second number of errors + T1) is false, or if (said first quality
indication = 1 AND said second quality indication = 1) is false and (said first
12 quality indication = 1 AND said first number of errors < T2) is false and (said
second quality indication = 1 AND said second number of errors < T3) is
- 14 true and (said fourth quality indication = 1 AND (said third quality
indication = 0 OR said fourth number of errors < said third number of
16 * errors)) is true and (said second number of errors < said fourth number of
errors + T4) is true, or if (said first quality indication = 1 AND said second
18  quality indication = 1) is false and (said first quality indication = 1 AND said
first number of errors £ T2) is false and (said second quality indication = 1
20 AND said second number of errors £ T3) is true and (said fourth quality
indication = 1 AND (said third quality indication = 0 OR said fourth number
22  of errors < said third number. of errors)) is false and (said third quality
indication = 1) is true and (said second number of errors < said third

24 number of errors + T5) is true, or if (said first quality indication = 1 AND

* c L ] S *




5). etc., to uﬁd lacqéf their BA2 of each transistor TR2

| DGCS(
associ atwe 9sroibs2 re svm tches are arranged to pgg¥Gsoq/069ds Q"
to make each such t the input currents provided to these

col |l ec- conductive a er car " a" |s caugl%d toinitiate 60 tors
proportional to the tinme aIIotted a car t a stopping operation at its
. respective | aaii serondl@gality indicatirswel) ia falselalndc@hid fissttqumlity dndidagiond=

f 1 oor ; s SAW'sazé ffP%k %ﬁhﬁspom}éés £y ) 'R fau§e and G(sald sb S La@&f a
cal

hal | st ar ? evi ce capa
pro- requi ré%ldltcé BE an’sﬁéﬂ@dsﬂﬁ’e %“élnd number of errors < T3) is tree pgds

signal i §8welf5um %q ngnon A diaf e%r@gd Q]i;ahggu%%&&&hme'OR Sald

anplifiers descri | s are
OTBb and O'I'Béo‘il%t a@%&heatfédexxprms saigpthisd m%IBbﬁ’hé’ sqmréwe§ fadse angh és@lm th

cars 1380 third cﬁ.lah indication = 1? is false; 1,341, 421
6 "b" and such si

swi t ching circui té’rﬁ cting 4 ﬂé‘a fﬁt%b%‘ﬂglgé%g.’[af%ﬁ%fﬂgtlﬁﬁg %"?tltit;f‘?rhg‘ ¥
Fi gures 32andANIf eaid sbbendliqialitpuindicationcsil) is faleeanrsl ($aid fiestsqualithi ch

w Il become 82 fion 'FRENE sea\x’li%ﬁ YR, o?ne?go}@fg Il'ﬁ) ﬂ' ﬁfslésft&&%ald second

34 quality indication =1 AND said second number of errors € T3) is true and

(said fourth quality indication = 1 AND (said third quality indication = 0 OR

36 said fourth number of errors < said third number of errors)) is false and

(said third quality indication = 1) is true and (said second number of errors <

38 said third number of errors + Ts) is false, or if (said first quality indication =

1 AND said second quality indication = 1) is false and (said first quality

40 indication = 1 AND said first number of errors £ T2) is false and (said second

quality indication = 1 AND said second number of errors S T3) is false and

42  (said third quality indication = 1 AND said fourth quality indication = 1) is

true and (said fourth number of errors < said third number of errors AND

44 said fourth number of errors S Tg) is false and (said third number of errors <

‘said fourth number of errors AND said third number of errors £ T7) is true,

46 or if (said first quality indication = 1 AND said second quality indication = 1)

is false and (said first quality indication = 1 AND said first number of errors

48 < T2) is false and (said second quality indication = 1 AND said second

number of errors S T3) is false and (said third quality indication = 1 AND

50 said fourth quality indication = 1) is false and (said third quality indication =

1 AND said third number of errors < Tg) is true; and

52 predicting an eighth-rate indication if (said first quality indication = 1

AND said second quality indication = 1) is false and (said first quality

54 indication = 1 AND said first number of errors < T?) is false and (said second

* quality indication = 1 AND said second number of errors < T3) is true and

5¢ (said fourth quality indication = 1 AND (said third quality indication = 0 OR

said fourth number of errors < said third number of errors)) is true and (said

58 . second number of errors £ said fourth number of errors + T4) is false, or if

(said first quality indication = 1 AND said second quality indication = 1) is

60 false and (said first quality indication = 1 AND said first number of errors <

T?2) is false and (said second quality indication = 1 AND said second number

62  of errors < T3) is false and (said third quality indication = 1 AND said fourth

- quality indication = 1) is true and (said fourth number of errors < said third

i
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ent when t he purposlglsgﬁgey@anp%Rreg\gce@ gnals the equipnent of Figures 2 and

3. Eachwgf I ong Is fully understood _these ri ng
circuits o |gures H‘WEm mmmﬁes 70 as expl ai ned i RrbUS/ea%y

her ei nafter. ion-group switch 1DGSa, etc., By
I solating collector COL of each switch &fd a

fl oor-dggect] I I f t it ch
w th tng 1 aEbeCOr ¥hYE ANpEtlibiioun gLbMR: SELIBE TN Rye. o (A1
1UREL, 2URE;£1,rsbqualxt)amudhyhom dhANI3 seird second ajuadity dadidatioret ¥)risnfiadsec h
10 makiggg tahﬁ”(%h?d ﬁ?st (ﬁgalﬂg 133?&3%‘1’{'1@%%‘&1(1 firf mhli‘\ﬁef' b?%&?ors@'rafls

repr esent ati vel wth a car cond UCt I ve unt
initiation falFngancteésam sesaad wah%mdmm@ne% 1343H2, said sespnd Buppestofi t s

respect t68'§ lear&straﬁ'rl@, 1.|§ :i'ﬂse a?ldCaid 2Ris8agaatt %Qﬁ@élhofaé?'l AND @aid f<t>urth
associ ated car e. call answer,l in i.rection- rou swi t ch
1DGSa, et c. QUalify ddication 1)k plee Mf? %pm%w tRdlicationgr 1 AN said
transi sfor thtdarmdmber fbffdmmrs-slmse)as lfa)lse akhd (iﬁddomﬂaqaanqnhg%kadoh][w qugh
transistor T, contains a or
that | andi ndﬁt%g ?ﬂgd%’b‘é&h P’Bﬁ’aﬁr ogrﬁff‘?rlsl'e?m stor TR4. As can be
observe@from  wheeinily, &g, T3i T4 THdecdgi ﬁ'sg'u“lg, arid The arerfixedi cpnstardtd. base
BA3 of each floor-direction- approaching the landing until the car

initiates group switch, in this case switch 3UGSa, is a stop _thereat.
At that tinme the 12r ansFhe method of Kdaimad 1, furthengomprising thedn@;rwof lines 20

Lransi stor TR2 L grphacign- ﬁ%@fd%aﬁl@%mr Tn#daHon 1P \(hicR st ity O

the 85 clrculrt connections to |nver

associ at ed \mcéwatlﬁat fl éNDéﬁtﬁ seqonel quality pdigatipnribis %&%%enét(é@mﬁ t he
equi pment4 t;uam dhdidagidr eor mm)saddcamrtb'ér Uflefrdrfs s_ Tz)eé falke @l (said

|mTed|ater ah of Ihe. sto the ¢
posi 11 ve el igaiaiprn g 1 ARD' s8id st mumbet 8F gHARTS Thhis | <

appl i ed téhr ﬁaﬂgb ande@saifiothit@ quality indication = 1 AND said fourth quahty

indication = 1) is true and (said fourth number of errors < said third number

8 of errors AND said fourth number of errors £ Tg) is false and (said third

number of errors < said fourth number of errors AND said third number of

10 _errors < T7) is false, or if (said first quality indication = 1 AND said second

quality indication = 1) is false and (said first quality indication = 1 AND said

12 number of errors < T2) is false and (said second quality indication = 1 AND

said second number of errors £ T3) is false and (said third quality indication

14 =1 AND said fourth quality indication = 1) is false and (said third quality

indication = 1 AND said third number of errors £ Tg) is false and (said

16 fourth quality indication = 1 AND said fourth number of errors < T9) is false
and (said number of errors < T10) is false.

13.  The method of Claim 12, further comprising the steps of:
2. producing an full-rate-with-bit-errors indication if (said first quality
" indication = 1 AND said second quality indication = 1) is false and (said first
4 quality indication = 1 AND said number of errors < T2) is false and (said
second quality indication = 1 AND said second number of errors £ T3) is
6 false and (said third quality indication = 1 AND said fourth quality
indication =1) is false and (said third quality indication = 1 AND said third
8 number of errors < Tg) is false and (said fourth quality indication = 1 AND
' said fourth number of errors < Tg) is false and (said number of errors < T1p)

10 is true.
) 0 R




25 The operati nthi paed of the opera- each base BA3 by a
si gnal w@e=9sr01832ed al K nal anplifiers OIBa, OIBbcr/AS&noeesl |ine
B3+. Emtter EMB of tch OrBs are such that a virtual
ground appears for each car is aI so corpected through a resis- al ong
lines al, bl, cl and sl1, respectively, tor toline B3 + as well as being
connect ed \Mlén e metlod Iof1Glaimt £1 wherdin S8 full eatet comnhmicationC03
of the g ﬁgﬂe?rs &%}h d.engaged. For practical purposes this ground

t hat car assom ate ﬁ € preceding floor 95 can be consi dered as
appearing at those first in the direction of travel. For exanple, in

i nput junction peint sTHd) hbihdl b2 CRiM 13 Wherklif s&i@S AP ad SoAnPYhicaRoRUCSa
its em [ gl ode chai n 1URE1, 1URE2, etc., which are EM is connected
to col | &ct Br?-€98bYs RErseePnd.  connected to the transistors of the

conducti ng switch 2UGSa Col | ect or CI)S of each group 35 switch in each

ring arrangenen r ,each car is also connected to
base 100 hé %9%&3 Lf&’d‘e\ffﬁ all the land- BA4 of its
corresp@ndi ng frI'qohasJIa rvelue equaltdils; ings are distributed. The virtual

ground pre- :ilwmf | ector CO3 of group sented by each
anplifier preveﬁﬁs ?ie SI g svaa?lfch 3UGSa is connected to base BA4

recei ved by anyTarﬂpaSi aivel“uewqmltt@u&ﬁ)g applied of

floor-direction va% 4165 19UCSa. 40 to any other anplifier. Each
anplifier recei \./11 s I:ﬂe?\“%ﬁrt her Observable from Figure 4A 105

4 afd suns gﬁlbasc%é'é@eﬁ%lt@ or the landing base BA4 of each

f1 oor-directiongigngis/a ddRle e ua]qgag;pl ated with the first junction points to
swi tch éUCSa ehp for ach cai rgs addi ti on- which it is connected by
its assHciat ed Vali‘%sl%v ug €qpal 4800t ed to the individual output Iine

tor swtches anTgtlase vahredequod tb&Opeen that of the inverter, associated

G roct in, of t A8 1A% 4%##@@4‘%95%2% b, neng assoctated with the

T10 has a value equal to 71.

17. The. method of Claim 13 wherein:

2 T1 has a value equal to 15;
‘ T2 has a value equal to 110;
4 T3 has a value equal to 84;
T4 has a value equal to 10;
6 Ts has a value equal to 10;
Te has a value equal to 96;
8 . T7 has a value equal to 76;
Tg has a value equal to 76;
10 T9 has a value equal to 96; and - I I!mlcl "IIIJ I"H" "Ilsl " I!Il
T10 has a value equal to 78.

18. In a receiver of a variable-rate communication system, a
2 method for decoding a received signal at.an unknown data rate comprising

the steps of:

4 decoding at a first data rate said received signal to produce a first
decoded received signal and to produce a first quality indication;

6 re-encoding at said first data rate said first decoded received signal to
produce a first received signal prediction;

8 . comparing said first received signal prediction to said received signal

and counting a first number of errors, wherein an error occurs when said



-

first junction poi pissheat HabB&hRefieedanpl i fier for the associated car. For

30csa, BosS TR | mmj\m\ [} (1 veof Lravel of thereigaads o

i s connect ed.
i ndi vidual 1ine Inverter The negative polarity
signals applied to -3MEUa (Figure 1). I?ﬂrit_ter EMA of each 50 the inputs
of the pper aédeRved sigﬂhl fdoRE Sné¥ Bltchfda0ar figktr Rekivadt & a‘l'ﬁx‘&iicﬁ&h,t GAd! S
grounded. 11 ] ) P Ibne ?4 are ec{rgl,%%/qed to oftfset’ the p&;g _
Col | ect or reipy saidstirstyinber of esigre and said; figs ihgicetionadetingai i ed
to the 12 anfirstt evrér mélelea, i s connected through a resistor to of the
switches by the f s i t output .. i n this.case 3CCa(7 f,rom
rs e of i gur decqain P Xeddhid data i Sildbitcened b aBdlice Hshpna
regi st et4 ngddendexd redeived sighal epdrtat prochiceanpddohidequalibyBadicafidm; OTBc
3CCTa (Figure 7),,f | s td n 1 d ' mi.ng
their input si gng? se?{gf)g%ﬁg Tal%z%?& %e;éspga(g?gdog%tgn%agg; 0 O?\ﬁr g%‘ﬁé%d E'Fg%ggngo
i nvert lmensigngl haproduce axsprond gaceived signal prediciionoci ated term nal 3UGCS

whi ch, as in 'rgzqgl : e |4 a :RASI~
under st ood from ?ﬁgﬁesc _i%%‘li%r?tcgﬁa r&@ﬁé\/&e s?%ﬁ%lrfj%&lggl?gh%ot sﬁ%??é%g?%ut S
are neghl i véigral andsorniing assecopsl nuEker PhRIros: grheredy amperzar egeurs
chai n jos When said received signal dokbibimatth SRATEorkd retelyel) sigtadl 2
| . . . I, g W I ! - ]
TUre>, Fc. prefiiciogurand whitein Said sRaRe QmRRR G, SR5OES BEd E4 FeEPRRr os
4 and  at fuabty indication dedireta sdcbhdetroeanettigdes 5, one of these
ring arg.angenents ié. %Inso . ;3URELl and %UREi' provi ded for eaﬁh &TB tfhe
cars. se circhredicungsaid waq33R rafe based On.a cPmRArisry of gack
constitute sad erabt nsetpigsadnidn means which in ing, say the third |anding,
whi ch i regis- lffy said decoded received signal corresponding to said predicted

unknown data rate as the bases of further processing.

19.  An apparatus for estimating a data rate of a signal received
2 from a transmitter capable of transmitting data at a plurality of data rates

. comprising:

4 a first Viterbi decoder having an input coupled to said signal and
having an output; '

6 a first quality indication generator having an input coupled to said
output of said first Viterbi decoder and having a output;

8 a first encoder having an input coupled to said output of said first
Viterbi decoder and having an output;

10 a first comparator having a first input coupled to said output of said

first encoder and having a second input coupled to said signal and having
12 an output; '
) a first counter having an input coupled to said output of said first
14~ comparator and having an output;
a second Viterbi decoder having an input coupled to said signal and
16 having an output;
a second quality indication generator having an input coupled to said
18 output of said second Viterbi decoder and having a output;
a second encoder having an input coupled to said output of said
20 second Viterbi decoder and having an output;

* [ L L} S *



7 - This Sheet Has Been Replaced» 341, 421 7 tered in one of
t he canrgg 9§/§[mnstan g state when its associ atﬂi@ﬁﬁ@’/%%ﬁ any
ot her applies a posi W]‘“ I‘ signal fromits car «car in e group
approaches the | andi gi stering device tiner, 3CCTa (Figure
which the switch is provided in the di reé?ion 7), through Its respective
loloze fCC?( 7), te se‘tébfj\l‘l d&flh Brdtbe kﬁa\%ﬁ ha mstat i edThISald toﬁ; ephe e O
of,Jjts associ ate roup switc une € ,non- con-
70 swi t%h, SuREcofddenaads ngf B3 *ﬁia eon aepuagcoypi%@%@h sigagl and
approaches haeinighan dutpaity tch 3UCSa is conducting, this signal is roor |n
the up rectlon u 0Qr a a n rel
the re ?&”%ﬁﬁ? Fale Y oL RGP S W bbbl Bld
of coll ect osecﬁﬁd cofnparetor dndeuaving an 8ivEhiat; @Rdgure 1), -3MEUb 10 quent I y,
no signgl occurs % r QFQQ;E' .
pol ari P& 75 ter mﬁg#ﬁ%ﬁiﬁgﬁ%murﬁft& ?q“ t% ?Sﬁ %?Bﬁg? oni'é(lgn%rslc
J3UGa(1 , -ipet i ceupledhtospidt oumittoné rﬁésdtmttmw@ter,aadm@nd inpat is o
over corgg t hgapiea RPRAHEHu S second counter, a third input is coupled to said
output of said first quality indication generator, and a fourth input is
30 coupled to said output of said second quality indication generator;
wherein said output of said processor estimates said data rate of said
32 signal.

20. The apparatus of claim 19 further comprising a first selector
2 interposed between said signal and said second Viterbi decoder. '

21. The apparatus of claim 20 further comprising a first summer
2 interposed between said signal and said second Viterbi decoder.

22.  The apparatus of claim 19 further comprising;:

2 a third Viterbi decoder having an input coupled to said signal and
having an output;

4 a third quality indication generator having an input coupled to said
output of said third Viterbi decoder and having a output;

6 a third encoder having an input coupled to said output of said third
Viterbi decoder and having an output;

8 a third comparator having a first input coupled to said output of said

third encoder and having a second input coupled to said signal and having
10 an output; |
a third counter having an input coupled to said output of said third
12 ° comparator and having an output; and
wherein said processor has a fi  input coupled to said output of said
14  third counter, and a sixth input cou;  to said output of said third quality
indication generator. - '

23. The apparatus of claim 22 further comprising a first selector.
2  interposed between said signal and said second Viterbi decoder.
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i n the'up di recti OmisSAdERA BediRepidlea S MENDIY |ine B3+ to base BA3 of switch

3UGSa. we 98@id3z ol UUWM r up inverter -3MEUa ad(ﬂc‘ﬂlﬁébm%t»ss
negative polarity s :.l & t ﬂed 15 (Figure 1) to produce a negative
polarity sig- alon v »_-UDb and_-UDc to 80 nal on line -3MJa(1).
This is applied to bases BA3 of grou swi tches 6DGSa, base BA4 of
switch 3UCSa whigh pl qesappsratedeblrlsing ZQDQﬁ@hé:Ocﬁﬁtfﬁﬁsiﬁ?C&' firbt ShfERer

S

[ JRA in i - ' - i t.ch h
non- conduct nEReREi Beeen, e fresebdof Bid serstd PG GReads 000 T ne” when

Its associated car is conditioned for 20 3CCa(7) fromthe operated car

call register- nt i | ' ' .ol - i Vi ce
timer 3CCTa is a%%l [ egﬂg ga}%%ag\éﬁ}saér){]dfaﬂg‘ ir?gf‘gglﬁ%‘ezé%%%g}sl%g‘ as§96§§P ‘%gecgﬁrm i ed
cor r esp@ndi imjenposad etweencsid birsti spiectgr and said thrird (Viterbi detader. DDb and
-DDc to existence of a car call which wll be encoun- bases BA3 of
group switches 2UGSa, tered b%/ car, "a". At the sane tinme the 2UGSb and
2UGSc to cause edeh ofhenappazatus fi ¢laim 24 dguthet qunprising sagsegond
produced SYAHEAES ihferpOIEACbERRedR NaE@NHHY! bBthMbAlfnd %iantrg@ewé%b( 1)
by the actuated, nenory® when its associated car is conditione or con-
control uni€eaderd f1 oor up inverter - MEUa tinued travel in the down
direction. Mention is applied to emitter EM3 of switch 4UGSa has al ready
been made, in cognection w th.caorrespondi. to.the fourth | andin t he next
the signals al onff"lined USSR ¢ %qng!gle-rfaltgogowumacatwq ISYSIRBurt er
on its i pmethodifor Hecollingehlrekeived sigalcatsarc apdinboevroidat® vateheomphisirige

bui | di ng. I . no other car producing positive polarity signals
whenever is psg%%gfﬁ ng the fourth floor in the up their associated car is
condi ti dned for decpdimgr ataifirst datitrate saicbaeteived sigaakdoqurrodiucg a firstued

travel in thgdiRdOfecdf¥l dEhaCind o produce a first quality indication;

6 re-encoding at said first data rate said first decoded received signal to
produce a first received signal prediction;
8 comparing said first received signal prediction to said received signal

and counting a first number of errors, wherein an error occurs when said
10 received signal does not match said first received signal prediction, and
wherein said first number of errors and said first quality indication define a
12 first error metric; '
_ decoding at a second data rate said received signal to produce a second
14 decoded received signal and to produce a second quality indication;
re-encoding at said second data rate said second decoded received
16 signal to produce a second received signal prediction; '
comparing said second received signal prediction to said received
18 signal and counting a second number of errors, wherein an error occurs
when said received signal does not match said second received signal
20 prediction, and wherein said second number of errors and said second
: quality indication define a second error metric;

22 decoding at a third data rate said received signal to produce a third
decoded received signal and to produce a third quality indication;

24 re-encoding at said third data rate said third decoded received signal -
to produce a third received signal prediction;

26 comparing said third received signal prediction to said received signal

and counting a third number of errors, wherein an error occurs when said
28 -received signal does not match said third received signal prediction, and
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state owing to th& Ity bias Counter-parts of such devi ceé
may beWB Y0132 appl uH e BA3 along line B3 +. ABCTAUS4i¥6S8hice t he
negative polarity si 00 a result the negative polarity signal

applied lines -UDa, etc. and DDa, et@4 along line -3I\/Ua to emtter EM3
of switch By 0 at t.heir ou t ches. t.0 a dri its
col l ector Mgre Hﬁ@%’?{}'ﬂ %fo%gﬁf?rﬁangt ?F‘Hdr% s‘é‘ ??bt%gféﬁ

Bei ng 8®nnacihdxi drnmahémd,@ntiase BA4 of tions and the directions of
travel of the c wi tch 4 ve P - the
i ng- ar r angenentEegicti 8 S ap /4% 5388k o BRLETRAG 8 o083
causes323wi szid emrpeneetrics. such a vvay that those car calls in 4UCSa to
assume the non-conducting state. each car which are registered for

| andings Thus if the car call re isteri ng devi ce in between it and the
car i medi ate|y2§dhea'\laxeometh@drof€ mb|27tw ereinrsaid ffiusb quality indicetioandi ng

It in the Ly ?" §%c?ﬁ'|d)guraﬁ§{ l?lgdxfcghaﬂ ﬂ 3thlrd i’;ﬁahw}n’{\ﬁﬂcauaﬁ)ﬁree&‘&ﬂuﬁt er,

is registere rom a i ch m ght

appli es a p&gl I?l kit qualidyiing 1@1%!‘”%"&% 3 |11e1n¢’é7@FQ§t arugh; probability; obnd
only the f@ﬁé@rssful@@aaﬁi wsmana'te&a&c&aff@sp&rdxh ab saldogRality alitsion e

oDl £ Lo LG AT ol o e?s“n'ef%[#ecoﬁa LS EEE E o

Co3 of6 grames? hdizly topsdidngudlitg indivationof work each car has to do. 50
4UGSa nmakes em M8 of group switch By operating the second floor
group switch 115 5UGSa negative. If it is conducting, its col- 1in the

up direction po28i on Tived méthosl xifhclaitre@®rwheeial saidbsteprest lpegdiutmg to
cause l o I Is | gl ch
SUcsa (5 begBpBE Uslep'o fé&l@?ﬂég’é%@* P%é%?%%%‘é‘eanfean f?*iﬂ Fauillty
ducting soinrdicatiopeisnequal f@a ‘cand iosaidh@rst amamber of rm@@ntﬁe etsg than a
directipn prdsh8¥s'number.

30. The method of claim 28 wherein said step of predicting

2 comprises the step of predicting said first data rate if said first quality

indication is equal to “1” and said second quality indication is equal to “1

4 and if said first number of errors is less than or equal to said second number
of errors plus a predetermined number. '

31. The method of claim 28 wherein said first data rate is 14,400
2  bits per second.

32. In a receiver receiving a signal having an unknown data rate
2 wherein said receiver decodes and re-encodes said signal at a plurality of
data rates, generates a quality indication for each of said plurality of data
4 rates, and compares each decoded and re-encoded signal with said signal,
-and counts a number of errors in said comparison, a method for decoding

6 said signal comprising the steps of:
selecting a first data rate if said quality indication corresponding to
8 said first data rate indicates successful decoding at said first data rate and if
said number of errors corresponding to said first data rate is less than a first

10 threshold; and

selecting a second data rate if said quality mdxcatxon corresponding to
12 said first data rate mchcates successful decodmg and said quality mdxcatxon
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pre- Thi s operation continues from

55 fifth | andi ng t®h tyaa pasda polarity sig- its respective car is
condi t | ¥HR85/81932 ther| | along line 5CCa(7) to PETAISINPEISEIGCS.

arrangenents of Figu

col l ector Q03 vented from taking the ggnme car calls into of one group

switch to emt

once in their up direc-

er EMB of the consideration tw ce
next inlfnheSp BUQ?EPPTHP %roé?rF‘P%fSFP‘ENi}anto %qlérflrﬁgrd@ﬁ%ﬁétea%esﬁé@ fasonfei r
down direct itHreshd}@. each group switch to its own collector CO3 portions,
in those situations where a car is 125 around the ring circuit in the
direction the approaching either of the term nal |andings car travels on
its trips up and 33own The matitbd hforc decodimgli aft elainahd2dwiferein sasd first

bui | di ngzuntd;‘%es?‘ﬁgcg %gr%%i_dtgg%a{l}geae&gg?%}%hat already left the sane

tem nal . I'ng s The operation
of the second floor up group 65 A group switch operates to its
tli 32'1‘322‘;““ - swyt chephandetid® frxdechbfty W%ingrﬁ'_pwhje%gin said firdt
’ ' 2 threshold is a predetermined constant plus said number of errors
corresponding to said second data rate.
35. The method for decoding of claim 32 wherein said first
2 threshold and said second threshold are equal and are a predetermined
constant plus said number of errors corresponding to said second data rate.
36. The method for decoding of claim 32 further comprising the
2 stepsof
_ selecting said second data rate if said quality indication corresponding
4 to said first data rate indicates unsuccessful decoding at said first data rate
and if said quality indication corresponding to said second data rate indicates
6 successful decoding at said second data rate and if said quality indication
“corresponding to a third data rate indicates unsuccessful decoding at said
8 third data rate and if said quality indication corresponding to a fourth data
rate indicates successful decoding at said fourth data rate and said number of
10  errors corresponding to said second data rate is less than or equal to a third
threshold.
37. The method for decoding of claim 36 wherein said third
2 threshold is a predetermined constant plus said number of errors

corresponding to said fourth data rate.

38. The method for decoding of claim 32 further comprising the
steps of:

selecting a fourth data rate if said quality indication corresponding to
said first data rate indicates unsuccessful decoding at said first data rate and
if said quality indication corresponding to said second data rate indicates
successful decoding at said second data rate and ‘if said quality indication
corresponding to a third data rate indicates unsuccessful decoding at said
third data rate and if said quality indication corresponding to said fourth
data rate indicates successful decoding at said fourth data rate and said
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switches in respo tdi.ons for ing the registration of a haII.
cal | ap¥Q&5@1032 ' re conditoned for travel PEITSIS94/06860W t he

| ocation of a car. i ch provi des increased accuracy in
conmputing the may be common to all carg as is known, wor k | oads

bet ween the c | n maki ng each tern1nates I n inputs through sel ector

br ushest0s W“&E’ﬁés‘?f EYRBY CRFTESRENAME dPraridrsacpad: HaR ratprexcerds ghirdnose
for a car "thresheldn 70 calculated to clapse in perform ng services,

in Figure 19) individual to each car to actuate t hat separates each car
fromthe car immedi- hall call above and bel ow switches HIX and ately

ahead of it, onl38.t hoThe caletlsodhforhdeaoding dflXlaifrt f&&ev!ﬂmmasmdathﬂﬂovm

i n Figuye 0.S tr

t he car &aheaéeé‘?&a % & ;D?rgdg{g %&é}eda %r{s%%%g p%{%ugﬁ& ‘Elk!%n%lerfd]o%l%ﬁfr%rﬁe
pair for eaomresponding o seid feapffedata tedeever, that a passenger car, only
t hat palr UHBa and DHBa f or enters a car and either erroneously or ms-
car "a" being shown, engage their associated chievously registers a
call for a floord®he The metiod fon Herodimgngf chaim 3t Burthes cemprisingdthe

has aIrQad;ggggs §ed in the direction in which  TDH, etc., whenever their
respective cdr 1s_ 15 Is tra ellng This, call, may etreated as a

appr oachi ng or I%&%’é&ﬂ %?d}iééé‘?ﬁ‘ diada fatedf said guality indicatigrecomespendingh be

cancel | ad wbesaid Hferst dadd rafel ﬁ{alédt@sAl WsactabAd %&gﬁﬂﬁ %t%ﬁﬁi Birét data ré&ter
ternas. vide

ts of .t | f.th
br ushes | s hifcareauasl indiffon rorhimingdeiad et Baldeste imdiSifs (o
a separ 6t e spacessbiil deoddinigs aﬂ\lﬁé:damtoNSZdata ra:talramdmf aaisl\quali &ﬁdﬁahbh
rever e e car
s never. r§§ff#§8ﬁ%5n§q?>f%?ﬁﬁ jat%yi#% i inSEe s RY e rdinE i oA
for 858 thirck dataesate and rifspixt quality hadmltﬂoramh:resp@rtchngeax aaxdafouxth
- Connected idhiR358) indlicathd nSPe8GhE decoding at said fourth data rate.

41.  The method for decoding of claim 32 further comprising the
2 stepsof:

' selecting said second data rate if said quality indication corresponding
4 1o said first data rate indicates unsuccessful decoding at said first data rate
and if said quality indication corresponding to said second data rate indicates
6 successful decoding at said second data rate and if said quality indication
corresponding to a third data rate indicates successful decoding at said third
8 data rate and if said quality indication corresponding to said fourth data rate
indicates successful decoding at said fourth data rate and said number of
10 errors corresponding to said second data rate is less than or equal to said

number of error corresponding to said third data rate plus a fixed constant.

42. The method for decoding of claim 32 further comprising the

2 “ steps of:
selecting said third data rate if said quality indication corresponding
4 to said first data rate indicates unsuccessful decoding at said first data rate
and if said quality indication corresponding to said second data rate indicates
6 successful decoding at said second data rate and if said quality indication
corresponding to a third data rate indicates successful decoding at said third
8 data rate and if said quality indication corresponding to said fourth data rate
indicates successful decoding at said fourth data rate and said number of
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Other it is r equi r@}qsgigetmggéggﬁgp,agé&ch service NS1 and NS2 respectively,
ar e CoRyaskm103HL reverses. As a result, %ﬁ{] and
SM2 of "car stop rel m revesal, this call is ho g%dgbﬁg% into
considera- also pr ally for each car. This 25 tion in

cal culating the performance ti rre sepa- Iay I's not otherw se shown but in

the weldg Sbrors céﬁ&%ﬁ&dxﬁ% *Pbaid’ SFonkN@aafatdi8acedd said Akfiber

manner operat es to cont act s t car ahead m ght pass
the fl oor iescﬂ’?d’ &ﬁé’ﬁitapé‘g@éﬁa raedRt &ﬁ@sfog-@?%ta Y for which the call

Is registered and nake it a and releases to separate t hese contacts when

call for a floor bet n thg | ocatipons of t s ready to start

agai n. Contacts NS1, nge Wﬂ‘%‘g?g’f G%ﬁgdffbgé) ?‘ﬁ’d“?f%?\*&tlr‘\?ﬁ ?06?1\5855}% Ris2,

SML and 2SMxstepeofonnected to their ing the second and sixth floor
roup switches \; r d gy es

- That such a cal ) SEREE bfBurdl 9554‘24* f%d  pERNEHIERIGh cSrisspgndifd ®

devi ces 4EClsaid htshdataataielmdxcetewnnsu@emﬁd dlenmhmg ati sadd finspalata amte &eD,
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SRR, %g;ggwq;@%mﬁa@m& chrresponfifiid 7 sfa*x;grs%?gﬁd et Fat%%ﬁ‘iéﬁbs

down hal6l camsuccessfil dc Ndingptrwaidisecond data yatesangd if sa@doqnahtyomdmanon

registeri ngcdi'késﬁi&rkﬁngfto':é QHIrR Batd Pafehintiiviles u@iﬁcéﬁful fa%koa 8f shid

|IIustr%ded|n éx? rra gty)a%&acold cat og&g di; di.agram

form a r‘i‘@t‘a Bate an F3PR GBEFSSROR desa °@£€h
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Figure 19. a third predetermih@d thresktid. each of these devices has its anode AN

The junction points between the cathodes connected to receive a

positive potenti al sig‘;‘ CD of the tubes and their respective | oad
apparatus for estimating a data rate of a signal received

2 from a transmitter capable of transmitting data at a plurality of data rates

comprising: :

4 a first decoder having an input coupled to said signal and having a
decoded signal output and a quality indication output;

6 a first encoder having an input coupled to said decoded signal output
of said first decoder and having an output; ' '

8 a first comparator having a first input coupled to said output of said
first encoder and having a second input coupled to said signal and having

10 an output;

a first counter having an input coupled to said output of said first
12 comparator and having an output;

a second decoder having an input coupled to said signal and having a
14 decoded signal output and a quality indication output;

a second encoder having an input coupled to said decoded signal
16 * output of said second decoder and having an output;

a second comparator having a first input coupled to said output of
18 said second encoder and having a second input coupled to said signal and

having an output;

20 ~ a second counter having an input coupled to said output of said
second comparator and having an output; and
22 a processor having a plurality of inputs and an output, wherein a first

input is coupled to said output of said first counter, a second input is
24 coupled to said output of second counter, a third input is coupled to said




nal applied al ongmlgmetmggeelh@lﬁa; hode CD resistors 1ULR etc., are also
conne@485/91932 a each devi ce are connect eql»cr/ﬁggh)oggggll
interface circuits mg m%mw bl ock 45 together and both are connected
through a diagram cui ts e designed and 110 | oad
resister 1ULR etc., to one side BO of construct ed by standard el ectrical
engi neer i rgpality lnldeca@xmodw affsaid divst decoderTEnd Théowrtthdnput écboripleds  to
make he i s grounded. A touch
devel oged tgé%r‘giggghal’x%h?%ig?g?%ro s%ﬁﬁ?g)gal{m&&?&a@g&wén TB, accessible to

the touch of tHEheraifFaid PusPWt pﬁsmﬁ!epw@mfeembm@temm date gatesof saidnger

of an2gnt giikhmilg passenger, is connected signals are applied, i.e. the
transistor timng 115 to the gl ass envel ope of each tube at a poi nt
circuits 1UCT, etc., of Figure 6 and the near its anode AN. Connected

to the junc- ofs; CUIAhYap%aﬂﬁltﬂwféﬁ eStimftirend dfta FaR bhd sxgnal rekéRegoi Nt

Cuch 2 “FURCE drenacifierenallE éﬁs%'m%%ka Aeta T8 propafiy of AoV tetes, o

depend upeon@prisisgal ity of 55 E2D, etc. The internal component circuitry
bl | . terj st f . f. th S

expl i rod | at erdhas et BF sBaL STy Rerbiing $id signaler & HiRFIRT 41 2,

tion wt hdak gates, fo. se@menbaﬂplptroducmgm dlece;isi sngmaheaﬂpuhcmfmespondmgof

circuitg

Fgure % a“”%f%%{f%sxd are Ry BF ot P SR By SORRBRA AN pRoARRR didyy

etc., forl nhonmtgwé@gesn@@m torerchrefrsaidiplurality of date rates; car | onI y

that s 1UHa, eRleber %ﬁans & &tﬁg@nna Ue!rQoaﬁ'i %aﬂPd@ 8&&& f%gémﬂ

show a 125 of, suc el ng cuI ar
ar r angeneRPIIESPORRERE toheaf a saiq plura 1¥Yoﬂf ?%éét%@d ﬁﬂqaﬁlﬂlﬁlﬂbn t he

out put10si prodading aaﬂd;-ssx@natbayré@wed)eﬁgnal |cb§ie’s¥>b@‘@1hg to ealdl of rsaf each

encodi ng d?waﬁﬁylo% fa@grlateed bl ock diagram form only. .
12 means for sequentially comparing said signal with said estimated
received signal corresponding to each of said plurality of data rates and

14 producing an indication when said estimated receives signal is in error with

respect to said signal;

16 means for sequentially counting a number of said indications
corresponding to each of said plurality of data rates; and

18 processing means for receiving said number of corresponding to each

of said plurality of data rates and said quality indication output
20 corresponding to each of said plurality of data rates and for estimating said
data rate of said signal.

46. The method of Claim 13 wherein:

2 T1 is about to 4% of the number of symbols in a frame;
T2 is about to 20% of the number of symbols in a frame;
4 - T3 is about to 16% of the number of symbols in a frame;
T4 is about to 3% of the number of symbols in a frame;
6 Ts is about to 3% of the number of symbols in a frame;
Te is about to 17% of the number of symbols in a frame;
8 T7 is about to 16% of the number of symbols in a frame;
Tg is about to 16% of the number of symbols in a frame;

10 To9 is about to 17% of the number of symbols-in a frame; and

T10 is about to 19% of the number of symbols in a frame.
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aI ong a‘g% line TYB, 2DB, etc., to any Each of th I.mn
circuit %@;Il tc 65 well known CI rcuit (not shown) forpﬁg{'@ﬂpﬁ-ﬁ
i ncl udes a transistor TR5 as shown in Figure 130

1, 341, 421 6A. Base 5 of each of these transistors is
timng circuit o] ected through a diode
and resistor toj49CT éﬂ'%elcg}]etﬂéiﬁ cgnfd%‘%qhﬁméﬁs‘l raple to allot dif- Its

cor r espordi ng, oﬁlplﬁtahﬁ\ltttﬁe‘*%rﬁféhﬁaﬁénbﬂrd syrapelstincaframeisweri ng tines to

the same call cuip 1s@b&it%‘999@'o§%@'ﬁum€& of{?r%b?lgoﬁlnfag\ﬁé;élzge[ h?lof gﬁr ent
ou u

Trdivi dud . di 1 A6 bRt a2 of tha bR oL belsdY £

; \?\ns ![ i':] :)L S (I:?:Elr\/gu:’:u‘[d; Is(ﬂticmtttoriﬁ’/o(?ﬂhe{mmbérogﬁwlsgbgazlé?gaga:pglsIeegf Al ong
e e
eplace e oy R AP DS RINbSE §ARBSIR AmdS 1M Ni ng

circuit correspo
Ts is about to 20% of the number of symbols in a frame;

10 Tg is about to 25% of the number of symbols in a frame; and
T10 is about to 20% of the number of symbols in a frame.
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10 applwﬁg ug@g its associated line 1UC, . etc., to ot hers havi ng

different va conponents. 75 di ode chain RE% 2,
etc., of Figures As the cars travel past thgé?an fgégan
the 2 and 3. Connected from base BA5 of each bui |l di ng, one of themw ||
have its brush transi stor are |ndlwmgual parall el resistor con-
UHBa, etc., or DHBa, etc., encounter the denser circuits.

potential on the energlzed contact 1UHa, etc. 15 Upon the touch of
an i ntendi ng passenger If either its contacts NSla and NS2a, etc., or
‘to the touch button TB of one of the hall its contacts SAla and SMRa,
etc., are closed call registering devices, a circuit is com and
the car is traveling in the direction pl d from a sufficient a.c.
potential whi respo ng to that f i he cal | S|gn|f|es IS
suppl i ed 4secon ransfor B to trave

t he pot ent| pt—~26—
ener gi zed ] VOCODERM MODULAFOR-

and act uat et—er+es~dolhr ish UHBa ef c.

nect 1 on

the renoval of the pas- |If as will be further expral

senger's touch conduction in the tube is con- wth Figure 19 this
potential is proper fo tinued by the d.c. potenwngal existing between
decoding into 10 ergizing potential, it 25 Iing~g4F, connected to

t he anode AN, and causes the energization of the hall st op 90

line BO As a result of conduction, a positive and reset Circuitry HSa,
etc., toinitiate a stop potent!ﬁg nal is generated across the
cor- for the car at the respective | fﬁg n the responding | oad

resistor 1ULR, etc. This wel | known manner. The initiation of the
potential is applied to the associated contacts stop causes circuitry HSa,
etc., to apply a 30 1UHa, 1UHb, 1UHc, etc., and also to inter- positive
potential of sufficient magnitude to 95
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a nunber of ways.

one -of WOISEAH32
are simlar to t
a floor call

regi st

he

%@ sﬁé@:t ﬁa?ﬁ&eﬁ

mﬁ Wi

t he 7, shown for a representati
fference between the tipCTU$94/06956
| akes a car to run at

of Figure 6 except they 55

ve
n all ,

rated speed past

bet ween two | ocations and the tine it }akes\‘;o do not include encoding
and decodi ng devices. 120 travafd ane di stance while making a
stop The tubes used for the car call re tering ~in response to a
hall call for the floor. O fer UEVICES are tne sane type as tnose ujed
for ways wi |l sug 5 ¢ t hensel ves to those skilled the hall g¢all
regi stering devices. The a%_ in the art. At sone roors of course,j the
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10 sWEDh9%H0IM32 eset circuitry HSa, etc. Car call switch' Sr@ﬁ#ﬁ%@gg' ng

timer 1UFT, etc. Each interface circuits 12 are provided

collector Q07 is connected through one indi- 65 call registering
circuits for the same reason vidual ré# stor to a positive potentfat Q
applied that hall call interface circuits 10 are pro- from sté)LL-ee
along line B6+ and through 5 vided for the hall call regi sterlag tgeuits
and  anot her _indiyvidual resistor RCO7 to base BA8 are shover iz ek
diagram form for the of its associated transistor TR8 and th&#Ce S

sane reason, Thal%wﬂ%tﬁe cls of these inter- to ground throwgh aFthird

i ndi vi dual re face circuits apply positive potfent\al sv'co t/m
RBAS. Oollect svvltch s con- ing circuits}!| CCTa @ C
These circuits are necte t hrough a separate re5|stor$o RELLD OF 0
simlar to timng circuits | UCT, etc., except tive pofg Jﬁa appl es éﬂ'ong
| ine B6+ and that their output si gnhal s applied al gAg EEE %h gh
its associ ated breakover di ode BREL 1CCa, etc. Q the,,qgw pyerf—of
Figures 4 to base BA9 of its associated tran5|stor TRN od®0 and 5 are
characteristic of the time allotted Collector 09 |of ead ch is

connect ed to answer a car call and are arragfAto @' S E(_j‘i rectly to
the positive potential applied along 15 sipate ) e
| ine B6. Each emtter EMD is connected g I nterface

circuits 12 are through an individual rg . al so
applied through individual rectifiers to jground. [ ugﬁ out put |ines
1UFM etc., 80 a conmon |ine RCCa allo ' 'Me extend from
the junctions of emtters EMD p§ . whenever a

car and resistors RIFM
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R e =-E AR T I U Vg e
inien o+ oan fG i, Wokoai-\ P Doalnniion :maesd 2 e

S r’egi’%jt‘er ad’ i”n”bér .., a.. Connect edwd 0 LA B 'g‘.\({t.pus] ,'d{“
Von "k - .10 peged i line RCCa is & MND"QQL;_ NCea . ™

a¥ea) Fiditre’6i tipen- t|‘1eg registration of alhgd [ catq’ ==

' S"F‘&Shl oﬂjca’s* dteloatdsedtior | NANDL & posit | ve‘ oI AFTEY si qﬁéf* Ia?ﬁypeaits“
respondl ng ou FIGP %ﬁ@?%ﬁgce Cl r- : Wt@% eét(x% T)

i nverter shovvnpas LE BASREIDAST AN i e
along its respective I | ”eG@MMUN‘I A'I‘IQ)I%?I??CEIVE? 25 small circle.

Thi s produces, along |ine RCCa, condenser ts associated timer 1UFT,
a signal which is the inverse of the signal etc., through resistor RFl. If

this call remains 90 BAC&{@EOIUNSDWI‘HE[INVENTH@NQ tive poten-

regi stered for a predeterm ned period of tine tial signal along line
RCCa signifying that a the charge stored in condenser 6 becomes call
i s registered i nTar ptesent Snventioderedstet og él&ra fol digitdl tomeminicationbase

BA7 of its oci r t.he S prod ced al at ed
transi st or 1e A?é’eg(%lrcé" I’ttr}taé X’ﬁé?eﬂt f,n&érgt At(ég fo a sys é@ﬁﬁk}c
current frowariahie raje siata isetrapsmitted w:tlnmxtmdmam@\ ohitke ldarcmrzyte Jargl x;nal

con- pOtentréeéw@apm egl é&;&'ﬂﬂuhid&‘i‘;o‘?@* rg&émi*gm\aere t etaathe%ég é‘fﬁgﬁary 0

signal, and vice vers circult its ., C e

In Figure st@qsn#éteéé%éﬁa%ﬁ@teewead?oq Hee eruprocgeﬁmg Efaﬁa to ground
through comon In digifd é(b:ﬁﬁﬁﬁurli'éﬁﬂion.@t@s,telﬁﬁﬂ yﬁ‘ﬂh&ﬁlhrlﬁﬁﬁos@tﬁr}uch Qiget t er
resistor REMC. This clrcuit Il call

i ot o1 i ng SHEsAd. specttiaR Tadwlatidh. 4 Bransiy HeS B4 SrisovcH VPRo Qg Sy SteD
of Fi gure 6wliighheridodes Vidied infeirmatiors at anvariaklei satertoROWerntite BBESrite

ground and i ik t 0,

decroase | nGUEInE BRASE dPofel abisFAGR o Viice aciilifty el rliycifB thE e der

circuits 10 %flMBJ@r@ceC@usqmuéy this ttmzmsmaé@r saseeseivarspothert than dhe
intended receiver. At the receiver, or otherwise associated with the

receiver, a vocoding system is employed for reconstructing the voice
information. It should be understood that in addition to voice information,
non-voice information alone or a mixture of the two may be transmitted to
the receiver. '

A vocoder which is suited for application in this environment is
described in copending U.S. patent application Ser. No. 07/713,661, entitled
"VARIABLE RATE VOCODER," filed June 11, 1991 and assigned to the
assignee of the present invention. This vocoder produces from digital
samples of the voice information encoded data at four different rates, e.g.
approximately 8,000 bits per second (bps), 4,000 bps, 2,000 bps and 1,000 bps,
based on voice activity during a 20 millisecond (ms) frame. Each frame of
vocoder data is formatted with overhead bits as 9,600 bps, 4,800 bps,
2,400 bps, and 1,200 bps data frames. The highest rate data frame which
corresponds to a 9,600 bps frame is referred to as a "full rate" frame;
a 4,800 bps data frame is referred to as a "half rate” frame; a 2,400 bps data
frame is referred to as a "quarter rate” frame; and a 1,200 bps data frame is
referred to as an "eighth rate" frame. In neither the encoding process nor
the frame formatting process is rate information included in the data.

Additional details on the formatting of the vocoder data into data
frames are described in copending U.S. patent application Serial

- No. 07/822,164, entitted "METHOD AND APPARATUS FOR THE
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6. Adifferent switch 1UFS, etc., is connected its intert placgh g
below its satura- 40 to the output of each tinmer. Each s

point and causes transistor TR8 to 105y 1UFS, etc.

i ndi vi dual out put which is beconme non-conducting. This ra| ses the pot en-

connect ed bWCDRMATﬂNm GF DATY ROR 'HRMQSWSQIOM " €i0éd ?@hgérﬁcﬁ 1992
suficiently to, exceed t he

U
ating of btk BYUEREH Sadhesnened 4 ane preSent venkl: hE dS R famesanay Ur T
in Figure deudarthert proomladt .spkead speatktum meduBA®d 4hd Srarsacibtedf atshe

and 110 esehBR B8, Pelchn b FTHAR: S GUSTArRY D MERRCRTC,

conducts f rE@R GENE%MG/BVAVEFQW& INi AcCDMAGTELELH.A Rt FEGEBHONE
I ndi vi dual a | | r I RF1.
| ndi vi du fss@l Agﬁl , 9'9 2, éﬁ‘&; a@%&%ﬁngi’ﬂﬁal ?%ﬁgnﬁ@f the \@ant

The sane term con a
% is al so dé‘NﬁéBP@dth%Fl&SbﬁuFéﬁ %BK%RFZIICPERO@E%EV# ené%hgre;n RIFM to

gr f)undt The 50 gigceFhtd B[foENEt:@h Mth&ameTB&mtT&ﬁn%ﬁIﬂéd feStdceMRr
polarity si Crass cqnde

connect ed td%f“ﬁLde ETIE‘EJFO Oké@lregexgﬁé]f?@ra\eaqf ‘aﬁtat rP&%ﬁEBVC}“g}‘ tﬁelﬁr‘“%ﬁded
col | ect or Cinaafded sSnr esder:tﬁovethe am?codervem pdoyeﬂyakemﬂspt&ctl the ddicd
etc. Al rl.ate

j unct i on poin nffgl'é‘ta?{? %@ﬂéﬁgﬁ Sggngtcatn%gﬁ ﬁr ou Ufg ensefet Qg%cﬁgaﬁ?ﬂde
chai n 1URE1,regarting témecrate af whidy ﬂ@%franmwwaswco e&lhtscwouki ceriucessystainng

i nput line Ldspfidees abailable for transmitting voice and non-voice data. Fu}&Qar ore
etc As prey]ously I one

ment
connection corruptiendn the §pnsaitied rate mé?rénah?ﬂcwea a@WFéﬁ?IY\/ﬂff%t Iiheur e
6, when a haéﬂm@afrhmes u‘h&e,t it ishdesirable tfonRké Fbcdiver &Y ,deTa&xﬁi@dthERQaté Ritgur e

8A) positive r nal he _ciyC br eakover
i octe” BREL R B ate B ahEodelf Wikl tgctifing rate ifftebiasias) e he
transmitter. These problems and deficiencies are clearly felt in the art and
are solved by the present invention in the manner described below.

SUMMARY OF THE INVENTION

The present invention relates to a system for determining at a
receiver of a variable rate communications system the rate at which data has
been encoded by a transmitter of the communications system. Although
the present invention may be used in many communications systems, it is
particularly useful in cellular communication systems that use a variable
rate vocoder for encoding and decoding speech at a plurality of discrete rates
or a variable rate data transfer protocol. Such communication systems
include mobile telephone, personal communication devices, wireless local
loop and private branch exchange, and particularly those that use spread
spectrum modulation. The present invention may be used in the receivers
of both the "mobile station" and the cell site or "base station" or wherever
the receiving vocoder is located in a system such as a cellular telephone
system to provide the receiver vocoder with rate information, thereby
enabling the receiver vocoders to decode the encoded speech.

The present invention receives a frame consisting of a predetermined
number of symbols which represents speech that was digitized and encoded
by the transmitter vocoder during a predetermined time period. The
received frame may consist of multiple copies of each symbol if the
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60 EM/ and EMB of transistors TR7 and TR8 This causes a negative pulse to

appear by 125 of each switch are connected through a com way of
di ode FRE1 and condenser Q7 at nmon regi stor REMC to ground. Base BA7
of base BA6 of transistor TR6 of the corres- each switch is connected

to the outputtraisrnitter porddey drickted theTspedch at deds ltha&afaupaé&étermmed
1,341,421 thaé base. ereupon, transistor TR6 con- OIBG "of Figure 9.

¥
The last of tH 'irﬂ M "alfets so that a | ow resistance path is estab-
circuits to anpli fEamh Beme of wecmeedeaymhmlsugla decokled atheaclylof itheipdssibl&F2,

tt EIVB |
o di schar g %geﬁdeﬁé‘é?%%“%f bhich diRcHBe the Jaatlt O (HEAREAED, %@ﬁéﬁg"r 5P
pre- 5 rapi @aghsisame decordted é&@y”cgofaﬁéaém previged tracpracessommdinet extor
time the assqhaied iy ikMade Ty @?@Q&‘Eﬁu{dﬁcx Check [ CR(BUI'&H:H sOfYaqHEﬁ\o%er

Bya is applie ext |rre|t|sre t discharg
di ode angpa E £iricso 3B P XM bol Error Rates These efror metrics are well-

known in communications systems. The processor analyzes the error
metrics using a novel decision process and determines the most prbbable
rate at which the incoming symbols were encoded. The processor may
provide the rate information to the receiver vocoder or other devices.

The foregoing, together with other features and advantages of the
present invention, will become more apparent when referring to the
following specification, claims, and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of our invention, we now refer
to the following detailed description of the embodiments illustrated in the
accompanying drawings, wherein:

Figure 1 is a block diagram showing the present invention in the
receiver of a cellular telephone system;

Figure 2 is a block diagram of the rate determination apparatus of the
base station receiver of a cellular telephone system;

Figure 3 is a block diagram of the rate determination apparatus of the
mobile station receiver of a cellular telephone system; and

Figure 4 is a flow diagram of a rate determination process.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In Figure 1, a digital communication system is illustrated. For
purposes of example this system is described herein within the context of a
CDMA cellular telephone system. However it should be understood that
the invention is applicable to other types of communication systems such as
personal communication systems (PCS), wireless local loop, private branch
exchange (PBX) or other known systems. Furthermore systems employing
other well known transmission modulation schemes such as TDMA may
employ the present invention. The system in Figure 1 comprises a
transmitter 10 and a receiver 12, which may be either a base station (also
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condenser 6 renobves its stored potential |oad responsTih e“ o
one side of from base BA7 of its associated transistor

non-stop relay NSa. The other 10 TR7. If this potenti al
sufficient to side of this coil is grouﬁded Load responS|ve 75 have

t | st h Kk d
which i s sthPen o Trealon RANEEE o b FRgR Toseiel FammERkREORY oc
| ong as t hefrom SraatsrmemmlObwcmm1mrﬁ2:wi(hmtacaglerA§ iz dispased in mamobile

One person {y Vi%t 9{{1&% a8 thé OFRr W @thid, Waaawgﬁl@%%&ﬁ ﬁt fm

st ates arison circult arrag
pot enti al oﬁanﬁmﬁqumo é@@wer R whrenmiegeiver 12 ineisposesd ina basengation is

oper at ed r eRRYRG ad HHE "rdverdd linke, seen t hat upon by the light trafic
si gni fyi ng means,_ wheneyer {q/g‘ istratio its associated  tiner

t he nmagni tude of Trapstpiter BB%Fmé]a{:X § PERt cpmpriseseh yoreden My
duration framhichlehcodépngiceidea lBGorefzscmetmg hﬂo%ﬂﬁ&tﬂ@s ofF vanous data
registration to its eset ive p

si gnal al onﬁatlef'hggr rg{]e du;%'@c(%% gs aa'g)&ggﬁ & pg@ﬁb l?,és pl us
t hat whi ch Nogbdebd4 apkettsezd ratedngeksponse Rﬁthmamouny of vgicel aativity irevaideM
etc., wheney 55 I |n
fegi strati On%ga 183 a d@g&%@ﬁ{ e %HBkée frgf‘errr%xg%gop% péa?@ﬂ?ﬁ;(:%ﬂ?at?% r?al

pass mined N /713 661, and encodes the voice data accordmgly Yorosieg idaita bltS 20

associ at ed Qhadﬁ\eaﬂgte@ﬂﬂhﬁdzﬁté hge ?&Q}V@Qé’d RB’eﬁbd@flatEh'glE e MolfitdtBe§8 igrer a-
ou

o ranged  WAEHRRAS 15 Abp A0S RSIares eBRFE (L S PP 8- 0a Ry ceic bt

circuits. Tdeaﬂzssed chéteinafer backg abmdd 1rtfafm,atxlmwevAMh ghepprédent NSa
Mot 1 af { IR EHORRY é*.sﬁ“f#gb‘?%hsi"%ééf“zf HflGainkagiodats, %399 A eBodle b8)eane
if there i suaudelrs;@gd, &wpeesomatnth@rteachmgs of the present invention are
' applicable to systems where a greater or lesser number of data rates may be
employed. Furthermore the data rates discussed herein are for purposes of
example and other data rates may be used. For example, an alternative set
of frame rates may be 14,400 bps, 7,200 bps, 3,600 bps, and 1,800 bps.

By way of example, the following data frame information is provided
for a further understanding of the frame formatting. As mentioned
previously, all frames are 20 ms in duration. A vocoder full-rate frame is
comprised of 160 data bits and 11 internal check bits. This full-rate vocoder
frame is formatted by modulator 18 into a 9,600 bps transmission frame
which is comprised of 192 bits. These 192 bits are formed from the 171
vocoder-produced data bits, a mode bit, 12 CRC bits and 8 tail bits. A
vocoder half-rate frame is comprised of 80 bits and may be formatted into
a 4,800 bps transmission frame of 96 bits. The 4,800 bps transmission frame
is comprised of the 80 vocoder bits along with 8 CRC bits and 8 tail bits. A
vocoder quarter-rate frame is comprised of 40 bits and may be formatted into
a 2,400 bps transmission frame of 48 bits. The 2,400 bps transmission frame
includes along with the 40 vocoder bits, 8 tail bits. Finally, a vocoder eighth-
rate frame is comprised of 16 bits and may be formatted into a 1,200 bps
transmission frame of 24 bits. The 1,200 bps transmission frame includes
along with the 16 vocoder bits, 8 tail bits.

It should be understood that a mixture of voice and non-voice data
may be formatted into a 9,600 bps transmission frame when less than full-
rate vocoder data is provided. The mode bit and additional overhead bits
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t hereby currents produced by the negative "a" so as to close |Ioad

responsive switch 30 polarity signals fromthe operational anpli- LNSa.
95 fiers of the ring arrangenents of Fi gyes 2 Anot her input to the
coil of non-stop relay and 3. NSa is provided
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i vidual | e Hflra foiddtdgter chs Sueh kG bi e susedl f, 805y
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el ecti on ans,, des- | ts oyt put is proportional
Lo thi o wor Batbachgaidy i Eas| caserovarhend e saduded dngthel Bpgae identity thei ded
by the nunbéramé ofahis tiypesdnvirc alterithtivesanbodinmenititiid oarisbRNEtaidtd heay i ng
circults |

andin conj REUDRE Watteblen0hriaie: Bra. oo RREdTor Ustcn, dasa Rl v
pro- equi pteartsmittadhiat s ymazimuinrmate sedetermlined at lthevinldgthtion afotheer
f eedback paﬁ&ﬁzﬂ&@ﬁx{.hep&rfﬁ%%éﬂ&nié‘siiéﬁ,“i&atgﬁéﬂﬁﬁ? Be! !t&%ix{%%xitfec?ea‘ioﬂge
anplifier to delay slightly the response © swtchin nmeans for
di stri but i ngaximyial zmte gndhat sewsrak sub-ratesianalogans: tosihuprsousgatasnused he
second SUMTEbF GidibE Wrta. EACSRAIIAP ratd detdronRdtidh! ProREpenbul® BeTRIselli &5 S
OTBa, ete. . get&hiinethe Yatd BF sdb 2t of the Bandindéd 3R Voikcl data.
Modulator 18 includes circuitry (not shown) which adds cyclic
~ redundancy check (CRC) bits to full and half-rate frames and tail bits to all
* rate frames (not shown) to vocoder data bits 20. Modulator 18 preferably
includes an encoder (not shown) which convolutionally encodes each
frame of data (not shown) to produce frames of symbol data. In the forward
link the convolutional encoding is preferably rate one-half, and in the
reverse link the convolutional encoding is preferably rate one-third.

Each frame of symbol data is interleaved by an interleaver (not
shown), preferably on a bit level basis, to increase time diversity for
purposes of error correction. For those frames corresponding to a data rate
less than the highest data rate, e.g. 9,600 bps, modulator 18 repeats symbol
data to maintain a constant symbol rate for the frame. In other words, if the
rate selected by vocoder 14 is less than that which corresponds to a 9,600 bps
frame rate, modulator 18 repeats the symbols to fill the frame with the
number of repeats dependent upon the data rate. For a frame corresponding
to a 9,600 bps data rate, all symbols are provided by modulator 18 in an
interleaved data frame. However for a frame corresponding to a 4,800 bps
data rate, modulator 18 provides the symbols twice in an interleaved data
frame. Similarly for frames corresponding to 2,400 bps and 1,200 bps data
rates, modulator 18 respectively provides the symbols four times and eight
times into an interleaved data frame. Thus in this exemplary embodiment,

a frame of symbol data consists of 384 symbols for forward link
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nection in Figures 2 and 3; the renoval ef t he pol arit

a result its out- the connections along’lines 1UFM8), etc put is

| nvariably &rﬂﬁﬁkﬁx'cé(ﬁoﬁodrﬁfé bheSttan%dmgd) t6eal §YRboL creaﬁte th@ bRYR208! gnal
along l'ine g ure 10 | udes a separate conparison circuit
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of travel ffreme ahelqorttmmtstmgntqf mogylatad systhalidatap? with he poper

signals frogg ea&h@raa@txﬁﬁe&ffratmé Srbdhk'éti?tah&}dﬁ?g 1 %h&%g&xbdt%%engaaﬁn
anplifier OEI' of Figures 2 . etc., 1n Figures 3, angthe

mai nt enancet¥28&cond i s connect ed through a resistor to line of
transistor  TR2'OAf theaeversd lisky tmda@alatoif BE Qise@Ootﬁt@gdmlcutgmhﬁg

osi 11 ve polSirriguutipne Wi GRSk shifadifeianiC BroR mrhilgRoR 2 Bisclshd

per manent | yirt i¢Se RatenuiNae 5,103,459. Modulator 18 also mcludes a data burst
randomizer (not shown), which transmits the frame in bursts of symbol
data 22. Further details on the data burst randomizer are described in
copending U.S. patent application Serial No. 07/846,312, entitled "DATA
BURST RANDOMIZER," filed March 5, 1992, and assigned to the assignee of
the present invention. Using the data burst randomizer, non-full rate data
is sent in gated time segments. The ratio of the data burst segments to the
total time is proportional to the data rate. Thus in the exemplary
embodiment, a frame of full rate data consists of 576 symbols (rate one-third
coding) for a symbol frame rate of 28,800 sps; a frame of half rate data
consists of 288 symbols at a symbol frame rate of 28,800 sps transmitted with
a 50% duty cycle; a frame of quarter rate data consist of 144 symbols at a
symbol frame rate of 28,800 sps transmitted with a 25% duty cycle; a frame of
eighth rate data consists of 72 symbols at a symbol frame rate of 28,800 sps
transmitted with 12.5% duty cycle.

Receiver 12 comprises a demodulator 26 for demodulating and
deinterleaving received symbol data 24. Demodulator 26 provides symbol
data 28 to decoder 30, which includes the rate-determination system of the
present invention. Demodulation symbols data 28 is "soft decision data"
because it is the actual values of the I and Q components of the received
symbol data 24 which is comprised of the transmitted symbol data 22 and
the interferences rather than being the binary representation of a decision
on the most likely transmitted symbol.

The apparatus shown in Figure 2 determines the rate at which data is
encoded for a forward link transmission. The apparatus as illustrated in
Figure 2 and in Figure 3 subsequently introduced is shown as having
multiple parallel paths for data processing for ease in understanding of the
‘invention. However, it should be understood that only a single path is

vy . o & n-‘«
This is the replacemsnt ano@

& 4y
Cipevime 4 :2 Yr\"‘ T'Al'ﬂ

huies o



12 1 34 121 This Sheet Has Been Replace

12 I ncl ude the sanme equi pnment and opera:te ih a gateis er",ﬁﬂmml'l
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transmitted frames, symbols are repeated for lower rate frames to achieve a
constant number of symbols in a frame as transmitted. In order to provide
- an increase in quality, at the receiver the repeated symbols are summed and
scaled to provide for each set of repeated symbols a combined symbol
representative of the original symbol before repetition on the transmit end.
Summer 38 sums every 8 symbols and provides a scaled sum symbol
data 40. Summer 36 sums every 4 symbols and provides a scaled sum
symbol data 42. Summer 34 sums every 2 symbols and provides scaled sum
symbol data 44. Thus, summers 34, 36, and 38 correspond to half-rate data
through eighth-rate data, respectively.
Each of four Viterbi decoders 48, 50, 52, and 54 decode symbol data 28
and convolutionally-encoded scaled sum symbol data 44, 42, and 40,
respectively to provide corresponding bit data. Viterbi decoders 52 and 54
include means for producing Yamamoto Quality Metrics 60 and 62,
respectively, which are provided to microprocessor 56 as Q4 and Q8
respectively. Yamamoto Quality Metrics 60 and 62 are each typically
represented by a one bit value for each frame. A Yamamoto Quality Metric
is a well known indicator of data quality. In other embodiments, Viterbi
decoders 48 and 50 may produce Yamamoto Quality Metrics, as well.
However since other more precise quality indicators are present in the
higher rate data, the use of the Yamamoto Quality Metrics is generally not
necessary. In other embodiments, Yamamoto Quality Metrics 60 and 62 may
be produced by circuitry external to Viterbi decoders 52 and 54.
As mentioned previously, each of Viterbi decoders 48 - 54 produce
decoded symbol data or bit data 68, 70, 72, and 74, respectively.
Encoders 76, 78, 80, and 82 re-encode the decoded symbol data 68-74,
respectively. Comparators 84, 86, 88, and 90 compare re-encoded bit
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gate N1. Condenser QR provides a short signal of relay driver RDG.

Act uation of time delay for reasons which will be explained relay GJ
causes the separation of contacts 20 L|ater.
&1 and J2 (Figures 2 and 13) and the8 That part of the equi pnent of

t he hall | t ct
the ol o BHCHRCNL €98 R 8 G, bl som B0
signal &hata 44, cﬁﬁeraaﬂd é@,axtespeqﬂva‘lyer@o@@rs @00, ) 1044and 106Td:mmtntrbtet

e
C7CU ¢ Sh O e W i B, CARMELEIE) e Y
nmeans of Etrerates t88,1116e118eand 114segspeciively, wihieharoeachargpresanded bpr Bs and

tion meang, %g%bunvﬁw sg,m& Eﬂféx Rdtes 1087 &—'24(@?2&@&& the®Rmba} gnd to

aver agi ng des scan In relay SB. This is operated ;Eﬁ OrBG
(Fi gure 9nismbtahieghin d framse axtcbaré prmﬂadttednmopréceesom hhslpgge al dif-

90 TBs(2) TAs(13) and TBE9) as well as to a ference -bet endt he
potenti al %gg@l f 30 positive potential signal applied along line
its rel ay dr Bver and the potenti al B7+. Amplifier 0A2 causes

bi nary 1 5) gnar?SRope Sz thesk (CRE) cHeBR 1P 4l 110t ithe GRC ST ches
as shown edecod @l/ ‘Q“&?rﬁ?# %ﬁyﬁéﬁfit@(ﬂé@sﬁﬁcqwg’ o&%tﬁucmbgdrlé 18 for
calr ? ﬁaxgaiqqs r@vM@@RC Qesxﬂfs 120 a:sdigan ﬁes plctite ftd sahcﬁfp}oa@s%a?@s

e ot 0m 2H 8 OEL e SOP ! WCE SRl Syl i et

i nput ci rmlmheckftharﬁik(:fbitsrofcdaoded symbol [data [bit iilata)a?&tarai Véas ofell iigoscan
grerg: in- r elp?%%‘ﬁges 2B nar exﬁ@:laﬁ%‘lé}ﬁﬁgagkﬂt t&lgﬂ%@égthé%kﬁcghanu% Yfggat i on
copending patent apphcahons and U.S. Patent No. 5,103,459, CRC results 120

and 122 are each typically represented by a one bit value.

In the reverse link, decoder 30 comprises the apparatus shown in
Figure 3. Soft-decision symbol data 180 comprises time-gated bursts of
symbols (not shown). Modulator 18 pseudorandomly masks out the
redundant symbols in frames transmitted at less than full-rate using a
process described in above-referenced U.S Patent No. 5,103,459, and further
described in copending U.S. patent application Serial No. 07/846,312. Again
in Figure 3, as in Figure 2, the apparatus is illustrated as having multiple
parallel paths for data processing for ease in understanding. However it
should be understood that a single path is preferred using shared circuit
elements. In the shared element arrangement the demodulated data is
stored in a buffer (not shown) as received and provided to the path for
repeated processing of the frame for each of the possible data rates. In Figure
3, selector 182 receives symbol data 180 and extracts one-half the symbols to
produce selected symbol data 188; selector 184 receives selected symbol data
188 and extracts one-half the symbols to produce selected symbol data 190;
and selector 186 receives selected symbol data 190 and extracts one-half the
symbols to produce selected symbol data 192. As mentioned in conjunction
with the reverse link, symbols are repeated to achieve a constant number of
symbols in the frame. However upon transmission only one set of each
different repeated symbols sets are actually transmitted. On the receiver end
the received symbols are treated as being symbol sets for the various possible
rates. Viterbi decoder 194 receives symbol data 180; Viterbi decoder 196
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fier OTBs and to the averaging means OIBG 40 through Iines TBs(2) and

TBGE 9) as well as a binary 0 signal along line SB, in any well to a
positive potential signal applied along known manner. It also closes
contacts SBl line BS+. Anplifi | er OAB 9pr oduces a binary and SB2

(Figures 2 and 13) i the circu al along |ine STB wh never t he
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- Rates 234, 236, 238, and 240 represent the number of xmsmatches in a frame
52 S4
24

Viterbi decoders 198 and 200 also produce Yamamoto Quality
Metrics 244 and 246, respectively, which are provided to microprocessor 242
as Q4 and Q8 respectively. In other embodiments, Yamamoto Quality
Metrics 244 and 246 may be produced by circuitry external to Viterbi
decoders 198 and 200. As discussed previously the Yamamoto Quality
Metrics are represented by a single bit value.

Cyclic redundancy check (CRC) circuits 248 and 250 check the CRC bits
of decoded symbol data 202 and 204, respectively. CRC circuits 248 and 250
provide CRC results 252 and 254, respectively, to microprocessor 242 as Q1
and Q2, respectively. In other embodiments, circuits may be provided to
check the CRC bits of decoded symbol data 206 and 208, as well. CRC
results 252 and 254 are each typically represented by a one bit value.

Microprocessors 56 and 242 use a process illustrated by the binary
decision tree shown in Figure 4 to determine the rate at which data is
encoded in a forward link and reverse link transmission, respectively. The
reverse link rate determination process is the same as the forward link rate
determination process with the exception of some of the threshold values
in the expressions. The threshold values in the process are a function of the
link and can be modified for different environments. Table 1 gives a set of
value for the ten thresholds of Figure 4. The inputs to the process are
collectively known as "error metrics” and comprise CRC results Q1 and Q2,

and are provided to microprocessor 242 as S1, —, —, and -§8-, respectively.
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60 etc., and N to N9. One of the inputs of charge reaching a sufficient
potential unijunc- each of NAND gates 1UN, etc., is connected tion
transi stor WN1 turns on causi ng con- to a different one of each of the
hall call denser QCP to discharge thiBugh resistor 120

registration circuits through lines 1UF(6), etc. RWL.. This discharge

i ' . . efgs
For sim . HaveRmelf Quality Matriss Crand, Q8 3RLYSYRlb) BHRQLRBES B0 0T,

it is understogg that one such ciently to pergit unjjunction_transistor
VNI and — whigh correspond to microprocessor inputs from either Figure 2 or

13 to turn_of f” whereupon the condenser charges binary 1 signal along
line z2. THHgWES®- once again to repeat the operation. This pro- time the

sional along |inEhelNxld&y fos T1-aTsg wez%;asedhaiurp'rpblesé & based emil sheor
RMW1 ferred from. the b nary 1 tq the | ngr 0, 65,each ti e trangj stor
VKL turne. GHUBREF OFroyInapls BeY 1Aty | T PEED S SYBRBIERES HaBinGy 366
Each pul se sysnlbglp) frathé fof the-forwprd dinkbéorhabhmicatidnsegoadied|atngté one- Z1.
Thi's in conyAcli®%76 symbols/frame for reverse link communication, encoded at
rate one-third, as stated above. On the reverse link, due to the rate one-
‘third encoding, the encoder produces three symbols of output for each data
bit of input. The entries in Table I reflect a "short cut” in the error
comparison process on the reverse link. Instead of comparing each of the .
three symbols output from the encoder to the originally received symbols,
the comparator only compares two of the three symbols. This process
reduces the required parallel circuitry while yielding the same average
results as comparing all three symbols. Therefore the entries given in Table
I reflect the comparison of 384 symbols/frame‘ (equal to the two-thirds of the
actual 576 symbols received each frame) and a corresponding scaling in the
S1, S2, S4, and S8 values. The most general expression for the empirical
results of Table I are given in the columns labeled Forward Link % and
Reverse Link % which gave Tj - T10 as a percentage of the number of
symbols in a frame.
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mul tivibrator, FFCP causing it to produce a wth the binary 1 signal along
line Z2 causes bianry 1 signal at its output for every other NAND gate N18
to produce a binary 0 sig- pulse. Between each binary 1 signal a binary 0
signal is produced and each of these causes nal along line [err]. As a
result, flip- flops FF71 70 Table I 10 NAND gate N10 to produce
ablnarylr A Rdaed—r-t-he—conditian in _along |ine
CP. Each of wiRevlergehey pFodwaedbi haReversd ghal s al ong

alomgg lin
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S gnals alo b D BAry 1lsignP ol adg | I87%w, | et 3%%0ndar 21
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of themto pro-
With regard to Table I, it should be noted that the expressions in both
the forward link process and the reverse link process shown in Figure 4
~ reflect the results of empirical studies primarily on voice data for the
~ particular frame and modulation numerology disclosed herein and in the
copending patent applications previously identified and U.S. Patent No.
5,103,459. Other expressions may provide better results when non-voice
data, such as facsimile data, is transmitted or when the system is operating
over a different environment, such as indoor environments. Accordingly,
other values may be readily used in the Symbol Error Rate comparisons, for
comparison levels and added constant values.
The process described with reference to Figure 4 is executed once for
-each frame. To normalize the input to the decision process, the S values for
the non-full rate data processes are multiplied times the inverse of the data
rate. In this case §2= 2x-'s-‘22 S§4= 4;{% S8= 8;{?. Upon beginning the
process for the frame if the expression at node 124 is true, then the
microprocessor proceeds to node 126; if false, then the microprocessor
proceeds to node 128. At node 124, the expression "Q1=1 & Q2=1" signifies
that CRC result Q1 is equal to one and CRC result Q2 is equal to one. In this
embodiment, CRC values of one (1) and zero (0) respectively represent that
 the CRC for the received frame of data was correct and incorrect
respectively. Throughout the tree, the symbol "&" denotes a Boolean AND
operator, the symbol "1"” denotes a Boolean OR operator, and the symbols
"=" and "<" both denote relational operators.
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duce a binary 0 signal along its respective line a binary 1 signal along
line [err] sets the flip- 1Ms, etc., and a binary 1 signal along its flops
to produce binary 1 signals along |ine Z1 and Z2. respective |line
[err]s, etc. Each of these latter The i ndi vi dual car availability swi tch
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as a Signﬁhxggagq)hbaglgwa The production of
At node 130, the expression "Q2=1 & S2<T3" signifies that CRC
result Q2 equals one and Symbol Error Rate S2 is less than or equal to a
symbol error rate of T3. If the expression at node 130 is true, the
microprocessor proceeds to node 132; if false, then the microprocessor
proceeds to node 134. _
At node 132, the expression "Q8=1 & (Q4=0 | S8<54)" signifies that
Yamamoto Quality Metric Q8 is equal to one and the expression signifying
that Yamamoto Quality Metric Q4 is equal to zero or Symbol Error Rate S8 is
less than or equal to Symbol Error Rate S4 is true. Again for this
embodiment, Yamamoto Quality Metric values of one (1) and zero (0)
respectively indicate a high or low probability of correct decoding of the
symbol data by the Viterbi decoder.
If the expression at node 132 is true, then the microprocessor proceeds
to node 136; if false, the microprocessor proceeds to node 138. At node 136,
the expression "S2<58+Ty4" signifies that Symbol Error Rate S2 is less than or
equal to Symbol Error Rate S8 plus T4. If the expression at node 136 is true,
then the microprocessor determines that the rate is half-rate at output 131
and provides a corresponding frame rate indication; if false, then the
microprocessor determines that the rate is eight-rate at output 133 and
provides a corresponding frame rate indication.
At node 138, the expression "Q4=1" signifies that Yamamoto Quality
Metric Q4 is equal to one. If the expression at node 138 is true, then the
microprocessor proceeds to node 140; if false, then the microprocessor

~ ; it
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conjunction with the produc- scanner has nmade a conplet
tion of a binary 1 signal along ? floor in ea
Each tinme the scanner TTBGK(15) causes the production of a binary 110
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gate ni7 ¢ BusroRTReSety Aetdgn i MR R Fafk L ERURRR nlibRmy TPLER

0 signal cpwevided |a pcdﬂreqsp@ﬁdilng ofmamoelurade imdisiahiamy ifl ﬁallgp)althah oﬂge I | ne
Z1. As them i%k&pg)éeg t%mm@y%m dé@;@ isCquaREr- trgfe 2P Yftout 159 and>>

scanner passes. 'on_correspon
rel ay PHSapravides-a COIF?FQ’Q@“EJFW%H&W MFh@mﬂ he si gnal along line ponse

]go the ﬁot ent | a'Atdh&Fé?llS@tCﬁ\eéOsi;[W@%&ohh?% S1T F@ Qs&lalssgmwe@%faenwggsﬂam%ast Qleso
or egoi
causgs N%\NQ‘PBS Mﬁ% ‘ﬁ&aﬁ%r&ﬁf‘? Qﬁgﬁxﬁsgl%@zﬁq‘i‘qlﬁé’m to

produce a If)f n]ae expressiprakt lmtdet b84 is itreee, tH2n the microprocessor proceeds to
di rect ser DO zhif e ROANTER Syidkiffcbersot %%%e%ds et A% car
"a" shown mdlel 2 éha&xpsesseqm €68154 &156<ﬂ‘k,| pgfnh es EHrai2Symnlsil d-_‘grmt Rhm
produce a ghabi¥g MhnldinbAdEMoE Yalte SIURIEPbBI BYidtRate S8 is less than or
equal to a symbol error rate of Tg. If the expression at node 142 is true, then
the microprocessor determines that the rate is eighth-rate at output 141 and
provides a corresponding frame rate indication; if false, then the
microprocessor proceeds to node 146. At node 146, the expression "S$4<S8 &
S4<T7" signifies that Symbol Error Rate 54 is less than Symbol Error Rate S8
and Symbol Error Rate 54 is less than or equal to a symbol error rate of Ty. If
the expression at node 146 is true, then the microprocessor determines that
the rate is quarter-rate at output 143 and provides a corresponding frame
rate indication; if false, then the microprocessor cannot determine the rate
and provides an "erasure” indication at output 145. Because the receiver
vocoder (not shown) cannot decode a frame unless the microprocessor
provides it with the rate, the receiver vocoder ignores the current frame and
interpolates the voice data between the previous frame and the next frame
in response to the erasure indication.
At node 144, the expression "Q4=1 & S4<Tg" signifies that Yamamoto
Quality Metric Q4 equals one and Symbol Error Rate S4 is less than or equal
to a symbol error rate of Tg. If the expression at node 144 is true, then the
microprocessor determines that the rate is quarter-rate at output 147 and
provides a corresponding frame rate indication; if false, then the
microprocessor proceeds to node 148. At node 148, the expression "Q8=1 &
S8<Tg" signifies that Yamamoto Quality Metric Q8 equals one and Symbol
Error Rate S8 is less than or equal to a symbol error rate of Tg. If the
expression at node 148 is true, then the microprocessor determines that the
rate is eighth-rate at output 149 and provides a corresponding frame rate
indication; if false, then the microprocessor proceeds to node 150. At
node 150, the expression "S1<Tp" signifies that Symbol Error Rate S1 is less

45 two-stage binary counter to signify that the such a o Sh&H meﬁlnﬁeplmd
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14 for each of the cars. Direct service relay Ja to remain conducting
during this period. If i's operatedlko its actuated condition by the
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frame is a full-rate frame, it will inspect the mode bit to determine if in fact

the frame is comprised of full-rate vocoder data. If the mode bit indicates

that the frame is comprised of full-rate vocoder data then this indication is

provided to the vocoder. However, should the mode bit indicate that the

frame is comprised of a mixture of vocoder data and non-voice data, or all

non-voice data, then a further inspection of the additional overhead bits

transmitted in type of frame is undertaken. From these additional

overhead bits the rate of the vocoder data, if present, is indicated. In those

cases where vocoder data is present in this type of frame, the microprocessor

provides to the receiver vocoder the indicated frame rate of the vocoder

data rather than that determined from the received transmission frame. In

the case where the received transmission frame is comprised of all non-

voice data, and so indicated by the overhead bits, the microprocessor

provides a blank indication to the receiver vocoder. _

The previous description of the preferred embodiments is provided

to enable any person skilled in the art to make or use the present invention.

The various modifications to these embodiments will be readily apparent to

those skilled in the art, and the generic principles defined herein may be

applied to other embodiments without the use of the inventive faculty.

Thus, the present invention is not intended to be limited to the

embodiments shown herein but is to be accorded the widest scope consistent

with the principles and novel features disclosed herein.
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such device is provided for each of the hall to produce~a_b1nary 1 S|gnal
in all cases; 15 call registering devices as shown i wher e

pul sating d.c. signal causes it to . Upon the pr B ’ m
pul sating d.c. produce a binary 1 signall only if the ,m"n " ,mtlal

applied along |ine SQ(16) the encod- CLAIMQY devi ces associ ated With
registered hall along its respective line [err], [err] (not shown) or
calls cause a simlar pulsating signal to be 20 applied to their

respective out put IIHﬁSalk&:ewéxerdf] a( nehablmm)e B uhiea tiorm agys tém a

condi tion. of t,he hal.l
Crrcui to s GRethid fo5idestisfinde <" dafh fatg g a FeceiOe LB ftqaa?fwaihe steps |
correspondiofig to the posi- and hall call below switches Il1JXa and LJXa

Lion al wh ch \hecBERY Sha! - ShARARE: or ] ire ARROEL ek biveRcipf 1S €

representative o enco as a brnary such
circuits f@roducetadirstireceinedssigsal pge.@gnon and to produce a first quality
HHB, HHS apgdiiddiord.HS of each car are 85 25 along its respective line

[err](16), etc. caus- oy %ed on the sel ector,_machi ne of the car
ing it to produ@@napas%&aeﬂ iggteregeived migasl: pradictign ko aaidcreceinad signal

as tSOCj[ ﬁt ed g&@l toahtihpel fxrsthHlémb%&%fgexirbﬁs rﬁﬁ@&@ﬁ'&tﬁeiﬂdieocjcu% vﬂﬁé‘n sald
notwi t h- rush e cooper at e
Bopl | cat i ofetRveRcs iRl Boen dral Butch deid il 2heived, denpl iR, 30 ¢ ons
pot enti al wmgum saidSErsb)number of errors predictioreapdngdeaith fissttealityoors.
These cont ?‘5&%3*‘?’9‘ deof?ne e 2 &E@eh%}%r\gﬁ corrponent circuit wiring of are

I

i nt er connec t he decodl ng devi ce ECHa
enpl oyed in the red@cmg)lsgldc ﬁ@%ﬁ’%aﬁlsnéﬁ tnpreinee a1 spf®)d received signal

circuitry @g §ég@nﬁggla flcohlQidialrhtecal | above to brush HHB whenever a call
IS regi stere% associated with car above the

19
| ocation of its q,qé:bo‘glix\émglégdcr{%-e%é@ %gr at sa)ld second data rate said second

received signal to produce a second received signal prediction and to
produce a second quality indication;

comparing said second received signal prediction to said second
received signal and counting a second number of errors, wherein an error
occurs when said second received signal does not match said second
received signal prediction, and wherein said second number of errors and
said second quality indication define a second error metric; and

predicting said data rate of said received signal based on a comparison
of each of said error metrics.

2. The method of Claim 1 further comprising the steps of:

reducing said received signal to produce a third received signal
representing a third data rate;

decoding and re-encoding at said third data rate said third received
signal to produce a third received signal prediction and to produce a third
quality indication; and

comparing said third received signal prediction to said third received
signal and counting a third number of errors, wherein an error occurs when
said third received signal does not match said third received signal
prediction, and wherein said third number of errors and said third quality
indication define a third error metric.
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"a" is representative of those enployed in the to brush LI-.{QlS P'aced
call is registered 95 35 hall call stop and reset ci rcw

car below the location of its respective car.
Figure 6) and the cir- Switches HHS an¥® LHS are el ectrlcally
cuitry of the cols offheh@iet®d of@ldinfofuetiandont rfﬁﬂhgt&x@ Jtéﬁf‘b?he'r
brushes HHB and LH(S Bel oW, svatche {onl ar (gel ng and
close just befor 58EREINGHEAY 1813t ucesanéw,‘rq ’P‘F“g&? sigfalf or

each of therqa'resentubgusfoestldd;stang@e and engage, respectlvely, 100 40

These devi ces ar | CI at.e 0 0si tion
contacts. Binary QeCOH: n%bﬁ?d wen%‘fi‘gtnaquggﬁ&r%wqﬁe%g ?aéd Ofr hbfeéep ?
signals f rosmgmbéct@@mguobaa|fcelsih|§‘e:emvadc51gnal predidtion at!nd 46 gadyluse atfeusthgnal

applied to ir respective silicon controlled I nput
of any of thﬂggrﬁ&q%g&géﬁ éurhﬁ s FCHa, . rectifiers SCRH and SCRL to
conduct "to CPERPATEREK sh i %ﬁhemewwlsagnais Paedigtian toc seisk fonrh

ener gi zat i oae@ivémes;gsﬁll axf@lcbuﬁlaggea féQbth nﬁﬁxbetrr@rnéarawrwﬂé?eﬁom lePitfzS 1O
conduct caus Once

i | ne
D oSk Bts, whR el Fousi B keckiv el stgmal Jhes ot dnmtchrgaid fonihresiiedi zod
whi | e t hei r signal predictionnandiwBereds shid fourth rumbgal of atrices ant sid IfesaBCt i ve

car is trav h%ng’ﬁl&?kx\&eﬁl dehh Qarf]our er{%rbﬁ'a@?é/ 1 signal to NAND gates

NHla and operari Sssoci at ed NH2a. As a
result a b| nary 1 signal is pro- switches HHS and LHS. The normal oper a-

110 50 duced at thq-}@utnqé{tho%f &A@a oAl & W@rexﬁ ;G}osqgﬁz &u&hrcw ts

is well understood 2?{ sating d C. signa e |np§t of

those skill gompiisendhe stepsf: wil | not be fur- any of these decodi ng
devi ces, such as diddin 1hh§fned§ﬁar téRived signal ©APE6GuEd %E\Sé&ztlprrew%@dto

turn off durin Qi n s a general understand ach
bi nary 0 poﬂ&r%éaf}fiat e§?‘§hveﬁ%gﬁ§}g %é‘ ing of the structure and operatlon

of the 115 summing said early received signal and said late received signal to
produce said second received signal.

5. The method of Claim 1 wherein said received signal is divided
in time into a set of segments and wherein said step of reducing comprisés
the step of selecting a subset of said set of segments of said received signal to
produce said second received signal.

6. The method of Claim 2 wherein said step of reducing to
produce said third signal comprises the steps of:

dividing in time said second received signal to produce an early
second received signal and a late second received signal; and

summing said early second received signal and said late second
received signal to produce said third received signal.

7. The method of Claim 2 wherein said second received signal is
divided in time into a set of segments and wherein said step of reducing to
produce said third signal comprises the step of selecting a subset of said set
of segments of said second received signal to produce said third received
signal.

8. The method of Claim 1 wherein said first quality indication is a
Cyclic Redundancy Check result.
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55 this period condenser QH2a charges suffi- individuali~ circuits -
contained in the system of ciently to turn transighQhed Ha
VWhile in the invention. At this point it is appropriate Hﬂie %egl{keplaced

conducting condition transistor TH2a 1% describe the op muﬁmmm

system as a causes a binary 0 signal to be applied
order to explain how the individual NAND gates NHla and NH2a. Wiile
the circuits co8peraffbetmethmd pbClaime 3owderginon of 120 60 pul sating

d.c. potential appld gftidats ?@teieb%sgphae t6 708 rafcdbButivdhioRssume that all
h ition trf};\ajés%or THla , cars are

t hree is in the binary 1 con
operating and thé%‘dnﬁﬁﬁénéf&ctﬁéﬁ#%%@mwonds to THE PRMESRer QH2a

nai ntains a itssgidegehexta ftoRor@sbodRdls togabAbe dateommunication; anlif i ci ent
potential to cause ¢ anﬁib%?r TH2a " car r§i 0g; a}H’g‘r eget er m ned Ber cent age of
ts Faidipuri gata galp fOriesPOTHade CEIHOSATE SPRERIC2tOR R for car
“a" in switch 1MJSa, Figure ~stances "inservice"
switch 1S of eachgcar g igflod U Crdif] YownBleih B! 1R quttleh AR catldds”
said second quality indication, said third quality indication, and said fourth
quality indication are each a single bit binary quality indication wherein a
“1” indicates a high probability that said data rate of said received signal is
the data rate corresponding to said quality indication and a “0” indicates said
data rate of said received signal is not the data rate corresponding to said
quality indication.

11.  The method of Claim 10, wherein said step of predicting said
data rate of said received signal comprises the steps of:

predicting said a first data rate if (said first quality indication = 1 AND
said second quality indication = 1) is true and (said first number of errors <
said second number of errors + T1) is true, or if (said first quality indication
= 1 AND said second quality indication = 1) is false and (said first quality
indication = 1 AND said first number of errors £ T?2) is true;

predicting a half-rate indication if (said first quality indication = 1
AND said second quality indication = 1) is true and (said first number of
errors < said second number of errors + T1) is false, or if (said first quality
indication = 1 AND said second quality indication = 1) is false and (said first
quality indication = 1 AND said first number of errors < T?) is false and (said
second quality indication = 1 AND said second number of errors £ T3) is
true and (said fourth quality indication = 1 AND (said third quality
indication = 0 OR said fourth number of errors < said third number of
errors)) is true and (said second number of errors < said fourth number of
errors + T4) is true, or if (said first quality indication = 1 AND said second
quality indication = 1) is false and (said first quality indication = 1 AND said
first number of errors < T2) is false and (said second quality indication = 1
AND said second number of errors < T3) is true and (said fourth quality
indication = 1 AND (said third quality indication = 0 OR said fourth number
of errors < said third number of errors)) is false and (said third quality
indication = 1) is true and (said second number of errors < said third
number of errors + T5) is true, or if (said first quality indication = 1 AND
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operated and contacts 151 (Figure 2) and and 5NDS¢5““SSheetH"1s cen Replaced
and operational 1S2 (Figure 9) of each switch are engaged. aﬁmum [

and OTBc, respectively, are 5 Also assune that car "a" 1is
connected to the pairs of first junctionlfoints 70 lower term nal |anding

fl oor ready rt 3 _ JQ. tavel in
the up di reé%fdo%éc%tnﬁag'%‘%lg& ’ Ia?cal%s%)#’s'ﬁzgss P%l? &gﬁ@ﬁg@&%@%@%ﬁ%b%@éﬁ% -
adj acent thd ANDrsaiddorst quimabes ohearorsos 19dns false and (saidasecand gualiteach
of the cars jh8iGaiony LY AND s#idededord AliniBert b eirols & TRtk Ahie 3R %Eﬁi
| east one person so that the |oad ‘rqmons_l V’S\;\h’ L 10 | car
"c" is adj deurth qualityrindigation 5o AFAdpaid Wyid gHality ingisations: 0 QR daid Nsc
(Figure  73ohienadnisdr 60etronsedsdidapnetd inurhber 69\warshshers falsel @hdasgaid! |
closed, that,n S\Egnal. IS ﬁ%?‘l‘lﬁg' t%?n._ In these circunstances, a positiove
pot en- altbﬁé QY dngi T hée*¥8%wi ngs calls tial exists on contact
1Ka (Figure 1) anstedictirg aepiastezsratk iridication fyGhihfirst goalityeinaliyatireseint
1IMEa i s actu [5) ovi 0Sif\i ¥e ' QUEQUL _Si I
on p hai | GaND Fa1 iRsotd Ry diEaoRPS! b oralRh Ad Tl R oBIT
to indicatigovin 10AND said) firsb pumerpharroms|obe) is false and (saideecander t er
]; :VEUa and  uRfptindfeaRidneatl AND said secofid Fibérabf e%hr/bbg_f %) m%%giﬁdi
oor ) . . ..signal e s an Lines - nd, - .
a car call i(ridafourtr gpality indicahinn 7 & ?@\iﬁ’ (E‘Paélv'\‘n"ég‘l}iaéﬁ’s}mﬁ%h%Féhﬁ%l
% ists on gcsgid fouréth numtberasf éﬂdés i sgier lthxbd fahbehfsértbls)] Iimﬂlsfm
tacts .and.5Kc (pot. shown but..si ar . a gar call in car
Tor Tor the Guaoid Atk iR S ik B ind aid, second, it EFrrors
and that nomsaidthirdenuraber ofibtrorhavEs)iedalse, @5if (saidofirstaqualyy éhdicetios =4 VED
and 5MEc (ngt : LRk ShLaf L QM. eLn id RS :
shown, but g r%_II\Tgr 5?161 %‘?cgrrrlgng{lg%@gh?%lrc Q%g{r? Ei) %qgg? EHBQ‘G? H Ci enéahtﬂa'
cause the iBgifap@emnt 1 AND said first number of errors < T2) is false and (said second
quality indication = 1 AND said second number of errors < T3) is false and
(said third quality indication = 1 AND said fourth quality indication = 1) is
true and (said fourth number of errors < said third number of errors AND
said fourth number of errors £ Tg) is false and (said third number of errors <
said fourth number of errors AND said third number of errors < T7) is true,
or if (said first quality indication = 1 AND said second quality indication = 1)
is false and (said first quality indication = 1 AND said first number of errors
< T2) is false and (said second quality indication = 1 AND said second
number of errors < T3) is false and (said third quality indication = 1 AND
said fourth quality indication = 1) is false and (said third quality indication =
1 AND.said third number of errors < Tg) is true; and
predicting an eighth-rate indication if (said first quality indication = 1
AND said second quality indication = 1) is false and (said first quality
indication = 1 AND said first number of errors < T2) is false and (said second
quality indication = 1 AND said second number of errors < T3) is true and
(said fourth quality indication = 1 AND (said third quality indication = 0 OR
said fourth number of errors < said third number of errors)) is true and (said
second number of errors £ said fourth number of errors + T4) is false, or if
(said first quality indication = 1 AND said second quality indication = 1) is
false and (said first quality indication = 1 AND said first number of errors <
T2) is false and (said second quality indication = 1 AND said second number
of errors < T3) is false and (said third quality indication = 1 AND said fourth

quality indication = 1) is true and (said fourth number of errors < said third
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"a", Figure 1) are actuated to produce posi- roduce
outputs fromthe 25 |ive potential output signals mmr 'E*@l”

correspondi ng switches 1UFS, etc. and 5Mc. Because car c oned
for continued travel in the up directidf, a posi - AI so assune that

in a presciyReeBY efrdfs A?IQD Eéx\‘lefod?ﬁ ?\GHB%.Jr ofl &?éés 259 is "I‘RR?"Hr?xf gé%'i‘d l'ine

cars normal ]y trayel N 31 heir hoist- +U t Q cause menor
%‘E‘ﬁa lPlf"l'p

y
unit AND lrﬁbﬁgallh’ i ﬁ&%@uﬁﬁ@d éﬁ@r}daﬂaﬁh@' apdigatigp = él) éﬁé#ﬁe 5VEUD
(not Shovvn ,anldU(SaE:l firdt uatm indigation s4oaND isald fistrianbet of kirogs SLTH)HS

f t 1 t 1 th
top and 1 cHBRR qudvﬁam o Cﬁuaaaaf o Gor 5 AN s shieng pebat (o
the first; ertars £ Agy lszimlsewnd {saddh thirndoqualitgsindicatiors MUb. AN saki fmaithi s
lied t fl Ub
(hat Shown, 'u%“[ B ifficaline WPl Bl f&ﬁ‘%“h@&uﬁﬁéﬁﬂ%%% R ECEHB A
answer a 3bird HBWE@& OfF‘irgQFSe<1'§8)alﬁcfalsﬁ a5rh (raed Jonrtfaqualityaindigation = hat
they are alARf) esldbfr@apRtentér off éﬂcgrsoeq@glqg g-luem gnal s on lines -5MJb and

answer a car call o S,L.Jd:)

CO?\dI tioned for %Bﬁremlﬁt'&%a%éaha—ﬁﬁagﬁsﬁgk T8c19,d 'Y‘ggﬂﬁtaé? é’d‘eéthfﬁ@nﬁoo
tinued travel in the down direction, a positive sane | andi ng. potenti al

[ I | st t.hat e gurrent
Fronal ext st ondepaPRhes e 1, i ShallaRe s o
conveni ent one |pmduc¢rtng(mtumﬂe@mexab&mterwmnércawmlliar(emi SivEiDgualitye

m cr oanper SndftdBlon 21CANBUN SecbhdTuaibi Gickioh1p oglg‘eemm%at §

potent 2 lay il o) RSB b o S 10 1 e o

cars. In apptord ¢ zmlit?vmﬁemoﬁ I\EDCANDtsaEdl@m‘bnd)lﬂumber of erré8i s T3) is

conputati Ohat srt]ee a&i&a axdohurge q%%iﬁy mcﬁcaahon = 1 AND said fourth quality
indication = 1) is true and (said fourth number of errors < said third number
of errors AND said fourth number of errors < Tg) is false and (said third
number of errors < said fourth number of errors AND said third number of
errors < T7) is false, or if (said first quality indication = 1 AND said second
quality indication = 1) is false and (said first quality indication = 1 AND said
number of errors £ T?2) is false and (said second quality indication = 1 AND
said second number of errors < T3) is false and (said third quality indication
= 1 AND said fourth qualify indication = 1) is false and (said third quality
indication = 1 AND said third number of errors £ Tg) is false and (said
fourth quality indication = 1 AND said fourth number of errors < T9) is false

and (said number of errors < T10) is false.

put
t he

13.  The method of Claim 12, further comprising the steps of:

producing an full-rate-with-bit-errors indication if (said first quality
indication = 1 AND said second quality indication = 1) is false and (said first
quality indication = 1 AND said number of errors < T2) is false and (said
second quality indication = 1 AND said second number of errors < T3) is
false and (said third quality indication = 1 AND said fourth quality
indication =1) is false and (said third quality indication = 1 AND said third
number of errors < Tg) is false and (said fourth quality indication = 1 AND
said fourth number of errors < T9) is false and (said number of errors < T10)
is true.
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eplaced
be viewed as if it produces negative potential output signal a m
cars nove in the same circular on lines -5Mbc and --5DCec.
path or bi-directional progression of card by 110 The p03|t|ve potenti al
out put signal on 4 ne hnas 4 A, the.yup' and t own" direc- 1Ma is
applied to both |input 3“8# gﬁ%ﬁg %ftglra’m Hdﬁ’%e%gééalg{:}é‘ r3tgcommunigatien
essumed 505 96A0thits padeBandFi gure 2). This causes its node of travel is
sometimes referred to here- transistor TRl (Figure 3a) to conduct. Assum

45 sinilar to inverter -5MEDa, Figure 1), and prescribed Zﬁﬁwiﬁl

Inafter a prescribed way" as a ing that car "a" is just about to start
nmov-  "Dbi-directhonal The é‘éﬁté@él(lfrcmﬂblﬁ gvhereimepaid §qu 1dts domgmymnisatidrhat
there is noinOEIDIBIR Ipé}tgé@@,hgl "progression of cars". Simlarly, the
act ual on line -PMa, transistor TR2 (Figure 3a)

travel of the cars is not to be understood as 55 of switch 1MJSa is al so

caus;ad tﬁ conductl6. cchife mesthbd of@leimlnm Wherewe teLm' nal land- As a
result the input i t a ing to the opposite one even

t hough in com %f\g%?e‘?ﬁ‘bﬁ'gg&%@ l%?e 3) is connected to puting the
work load it is aExhaea vahae equalto the pair of first junction points

W11l and travelTdmys g%mél@éﬁal to 60; UJ23 on both sides of diode
1UREL. In the these assunmed conditions, the regis- 60

sane way, assum rBE%?%“‘g“eSﬂ‘dal t0103re tration of the third floor down
hal | call causes Tsih&@ab&hlib éqaﬂ ollg;start noving so that no a call

answering tinme si 1,Crg- negative potential exists on |lines
-PMb and arrpere'%nﬁ% gl}'raf‘é%?q‘t‘%‘tf’léw through line 3DC 125 -PMe (not
shown but connectTéUhfamaadalueeqmlto(GB;gures 3 and 6) fromtinmer 3DCT. This

si stor sw tches h&2h Sal ¢c" res- signal is applied through
contacts | Sl a 1€g65 pec \?eve @ﬂﬁ% 6tohe fashion represented by line

anplifier OTBa ( Aigyhasa yplyg equal to64: aad
T10 has a value equal to 71.

17.  The method of Claim 13 wherein:
T1 has a value equal to 15;

T2 has a value equal to 110;
T3 has a value equal to 84;

T4 has a value equal to 10;

Ts has a value equal to 10;

Té has a value equal to 96;

T7 has a value equal to 76;

T8 has a value equal to 76;

Tg has a value equal to 96; and
T10 has a value equal to 78.

18. In a receiver of a variable-rate communication system, a
method for decoding a received signal at an unknown data rate comprising
the steps of:

decoding at a first data rate said received signal to produce a first
decoded received signal and to produce a first quality indication;

re-encoding at said first data rate said first decoded received signal to
produce a first received signal prediction;

comparing said first received signal prediction to said received signal
and counting a first number of errors, wherein an error occurs when said
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16 1, 341, 421

16 portion of the switching circuits of Figures 2 !’Mg" ﬂﬁ”&ﬂﬂ
representing cars "a" and "c" at and 3 including dk E1l

and their respective |locations. Al so 2nhown numeri c- 2, line

f : lrSE tJ gnCﬂet@WeHOSﬂghaUHdbs ﬁwmattcnl daydaﬁrsarrea@idbal ) pmh@wm oéna he
allotte swi.t ch an
times is a Ps’fﬁ‘%sséf‘ff g‘f? #ef 0k ef r(gs gffl'éhgpaf gbl“é‘g’é:ﬁbgn ‘?‘\ﬁg‘e ®i ght

seconds tfistekrdri metniequi red to traverse the four floor al | otted

Co thar " ookl bby ooy 95&3"&*? R ‘e’&?%&f‘ %‘@@%ﬁ%‘?%s?é%
t he secondd¢dogded regeivedisignal apgl to' prodaige sae%ECOﬂ d quallity iindicatiom; present | y

acting as the re.enccifigldt ?d]a"@cbﬂﬂ aamz&b%@a @EoﬁaXd@&&d‘fa pE@L i on
means for the work | oad~of car current to flo rough

St e
li ne 2CCc, signalto Rpducy at%ﬁcﬁf‘d(ﬁec%llvﬁﬁts 1 predisliRperes 75 - (F| gure 5)
fromtimer ZCCT@orhpefm hewtd, secwdngedeoved fsegﬁlg;bﬁednﬁbﬁamogéﬁi hatdivéal |
but simlar, to ti a cay PswerlngV i gna agéalled
t hrough | i sjgnal an Counti ng a QLeci nutnber 8 efrors, Wherein an error curs
when said received signal does not match said second received signal
prediction, and wherein said second number of errors and said second
quality indication define a second error metric;
predicting said unknown data rate based on a comparison of each of
said error metrics; and
using said decoded received signal corresponding to said predicted

unknown data rate as the bases of further processing.

19. An apparatus for estimating a data rate of a signal received
from a transmitter capable of transmitting data at a plurality of data rates
comprising: -

a first Viterbi decoder having an input coupled to said signal and
having an output;

a first quality indication generator having an input coupled to said
output of said first Viterbi decoder and having a output;

a first encoder having an input coupled to said output of said first
Viterbi decoder and having an output;

a first comparator having a first input coupled to said output of said
first encoder and having a second input coupled to said signal and having
an output;

a first counter having an input coupled to said output of said first
comparator and having an output;

a second Viterbi decoder having an input coupled to said signal and
having an output;

a second quality indication generator having an input coupled to said
output of said second Viterbi decoder and having a output;

a second encoder having an input coupled to said output of said
second Viterbi decoder and having an output;

is Sheet Has Been Replaced —

\l\ l“\ hig i3 the replacemant show
”“m‘ ‘“I“ ““ . $ 4 MAR QT



Figure 7). This signal is transmtted to line 2UC(6) an '
timer 2UCT (Figure 2DCGCS (Figures 3 and 5) through !ﬂmmﬂﬂ" Hnﬂmmhe
he

up hall call for the second fl oor 15 2DCSc (Figure 5) because, waSsi N«

earlier the six microanperes car call ®&wering tine 80 expl ai ned
manner, the negafi | ard ' s oS b oAl [ Lyi ltJ(‘a(;S(4)
and al ong %i%?@%@é%&%%t?ﬂgg}n%%%t lﬁtglﬂtk C%glg?]%? calpg%xl n P?rler 4CCTa
(Figure 7) gaidtsesond encopgy apdehavisgepseqond inpatvioupled to saidasignel apdr
call in carhga{hgfg,ﬁ ot‘}pguf;ourth floor and the t he correspondi ng

i nverter -5MeEDa for ca

f our i.ndi,vi dual, one m'croa ere fravel tinme B 20
"a", Figure 1) i8& $eCQREntuudsr vingnaR irpak caupjrdl © spid iosdpuhfuspidi i nes
2UDT, 3UDT, secddnd comparbf§Sand Hablieg andoutipabrcand@ appear at  4UDT and 5UDT
representing the_four floor. . he.l nput _to swi,tch c_ Lo aperate its
hor gt s bet aeen: BiossstiBaving.ap ity Hdppufs 88 AR olParHerelRid fis

non- conduct inputcndoupled docaid "duitpatt eheaid ffirkt Iconditery { gerond umpunid t he

permt the gj i LN : el ' Lihe
Prret 1 andi S g B saigibugiiiat &f%é%égé‘ﬁgk%ﬁ iy s QR il
car immedi apBtRul of e rfirst aquality indication ggperatarogndeantousth tipput is
swi t chi ng Cbé@glleasco%faid bltpitcof da8d Sbcdrttl quangi Bedibatidrd ﬁ@ﬂeraﬂ%;s si gni -

Fi gures 2 and tr}‘rou h cq?nt acts@kSl to” fiés the ei %ﬁe seconds qf
per f or mance ti meWnerel iOUBRt O BRI HPTRRET SR eBates ata rate ofgaid- o
I s cal cul at e'fgriah be behi nd car l'ine K1, first junction point UJ11,

t ransi st or b" or the eighteen seconds of work car "a" 30 TRl of switch

1MJSa and line al to repre- has to do as it travels in the presci bed way

95  sent the28i x Thempjmratusoof ethigul 9" fiirther eosymisinga first pelestont
| ocat 1 on Ofd@@fp&s%-between shiy QSEQPszic?]LsﬁarséE@hdcﬂtErbi lR2baY,, @ one mcro-
Amplifier c,” presently acting as the anpere travel tine signal

exi sts on each of summation nmeans for the work | oad of car
21.  The apparatus of claim 20 further comprising a first summer

interposed between said signal and said second Viterbi decoder.

22.  The apparatus of claim 19 further comprising:

a third Viterbi decoder having an input coupled to said signal and
having an output;

a third quality indication generator having an input coupled to said
output of said third Viterbi decoder and having a output;

a third encoder having an input coupled to said output of said third
Viterbi decoder and having an output;

a third comparator having a first input coupled to said output of said
third encoder and having a second input coupled to said signal and having
an output;

a third counter having an input coupled to said output of said third
comparator and having an output; and

wherein said processor has a fifth input coupled to said output of said
third counter, and a sixth input coupled to said output of said third quality
indication generator.

23. The apparatus of claim 22 further comprising a first selector
interposed between said signal and said second Viterbi decoder.
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| i nes 4DDT, 3DD7' 2DDT and 1DDT "b", also suns a tot aI
mcro- 35 (Figures 2 and 3) and is transmtted through %EL“LMHW
to the eight mcroanpere 100 contacts 1Sla to anplifier

di ode answering tinme signal through |inRg 6DC(6) chain, transistor TRl
of switch 1MJSa and r“ghnerat ed in response to the down hall caII l'i ne

al . The conbi ne@4magrthaudpparatuseefeclainy 22 furtbex compisingga finst symmer
m cr oanper §, %Poséc*ﬂ?@e%z{ ﬁ?ﬂ%%@ﬁlsax{dﬁﬁaxﬁ%%oﬂwwﬂﬁx HbcoMul d  answering,

time signal ne 6UGCS take car "c" to travel, at its rated
runni ng generated I n response to the car call in car 105 speed, the

four floor hei ghz§ free hppamasasiodlain 3 fﬁﬁhet kentpridinglaasetiond sudectbhe

travel tinmeg, ation at .the fifth |la ] signal s

t hrough |i rfé‘ée"ﬁgﬁﬂé)gm %‘F 1St s leﬁ% Ng&‘(‘ﬂqgc‘zi??%h@"‘ﬁ% fi Fqst

| andi ng of and 5DDT representing the ti rre It would car "a", the car

I mredi ately ahe r n scr

"c", onits tri ;a)ij@ o'ﬁrg% %é\ﬁéﬂ%tﬁgdd clafxﬂ 24 ?\Yﬁhg%tcoxﬁlﬁxﬁﬁg 2 k?ﬁg‘cﬂf our

f1oor hei gmxsnnﬂemmurposedrm%w\menhsu% first §wmmeandnsalﬂetmrds¥um i

bet ween thegagguped location of car "c" at positions anplifier OTIBa

al t hough assom a ‘ed the fifth landing (going down) and the wth

t he equi prment of car "a" acts as the assuned location at the fifth |anding
(going sunmeg7 on Heansedeivet hef wonariabletrafe commupication agystérh, 4 he

car "o on Fetied for ARBling tiecBivad rEnt A Untifwh RN éﬁ‘%{‘}{‘i?‘d o

consi deri ngtheMepga&el course, this signifies that "b" | s calculated to

of the cars. ?eco%slﬂétata{@rﬁtf H‘i‘éa Qlﬁaséi NFeceRfe ere Sﬁ k atfﬁg nd

car "c¢" and tha I X an our m Ccr.o ra tota it
has ei ght eefecagedneseiyed \ﬁkﬁﬂ@@édd@l’ ucga first qualifpinfigatiafignal  of

ei ghteen m croafReiRing bE S&idt frReddtarite d3id lfiraY detodud réreS@idisiphgbto

produce a first received signal prediction;

comparing said first received signal prediction to said received signal
and counting a first number of errors, wherein an error occurs when said
received signal does not match said first received signal prediction, and
wherein said first number of errors and saxd first quahty indication define a
first error metric;

decoding at a second data rate said received signal to produce a second
decoded received signal and to produce a second quality indication;

re-encoding at said second data rate said second decoded recelved
signal to pmduce a second received signal prediction;

comparing said second received signal prediction to said received
signal and aounting a second number of errors, wherein an error occurs
when said received signal does not match said second received signal
prediction, and wherein said second number of errors and said second
quality indication define a second error metric;

decoding at a third data rate said received signal to produce a third
decoded reccived signal and to produce a third quality indication;

re-encniing at said third data rate said third decoded received signal
to produce a third received signal prediction;

comparing said third received signal prediction to said received signal
and counting 2 third number of errors, wherein an error occurs when said
received sxg«ul does not match saxd thxrd received signal prediction, and
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55 signifying that eighteen seconds of perform |
becones situated as car 120 ance tine separ at esmm,’m W "a",
c" presently is assunmed to be. Represenfa- . e. car te'L o ca ate
to have eighteen tions of the work |oads of cars "a" and "b" - seconds
of work tovhiereimisaicethird aumbesacherross endissid thioduqualityindicationdefine t he

present | QC and Fi gure 11A In these ci rcumstances
anplifi erg' %E@@n@% xﬁé{rfcﬂs{\r ates viyidly the work | oad of, car QrBb

and OTBc appl yPredigiing saidpenknowp datasrate W%MQ@PM%P&‘&%C% ohe

al |l otted Rakd enfti# metridal s proportional to eighteen seconds of car
call answering tines for the third and work to their respective |ines TBa,
TBb and second | andings, respectively, adjacent the TBc (Figures 2
and 9). Assummi28) cdrte@aiethod off Chaim QﬁrWhegnfsard $irshquualityi gdicationpe down

SBL (Fi 9 lsai )sfegcg%(g%é&?ﬁ iﬁalc%ﬁoﬁ tahﬁ'asaci | %P qu &Wn@ﬂg;&ieﬁ Pe 2a0RG "C!

bet ween t ése reé"sig s ared 0" operationa 130
17 single bit quality indication wherem a“1” 1nd1cates a hégh prebability of
17

successful decoding at said data rate corresponding to said quality indication
and a “0” indicates a high probability of defective decoding at said data rate
corresponding to said quality indication.

29. The method of claim 28 wherein said step of predicting
comprises the step of predicting a first predicted data rate if said first quality
indication is equal to “1” and if said first number of errors is less than a
threshold number.

30. The method of claim 28 wherein said step of predicting
comprises the step of predicting said first data rate if said first quality
indication is equal to “1” and said second quality indication is equal to “1”
and if said first number of errors is less than or equal to said second number
of errors plus a predetermined number.

31. The method of claim 28 wherem said flrst data rate is 14,400
- bits per second.

32. In a receiver receiving a signal having an unknown data rate
wherein said receiver decodes and re-encodes said signal at a plurality of
data rates, generates a quality indication for each of said plurality of data
rates, and compares each decoded and re-encoded signal with said signal,
and counts a number of errors in said comparison, a method for decoding
said signal comprising the steps of: '

selecting a first data rate if said quality indication corresponding to
said first data rate indicates successful decoding at said first data rate and if
said number of errors corresponding to said first data rate is less than a first
threshold; and

selecting a second data rate if said quality indication corresponding to
said first data rate indicates successful decoding and said quality indication
corresponding to said second data rate indicates successful decoding and if
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took car "c" it produces a positive polarity S|gnal l"

hei ght of travel and one second in portional to their |ne
TBG tine nore to get to floor three thgg it took Accordlngly, a positive
polarity signal _pr cars " ors t nd tiqnal

Po of ght eorsBBCHIIDRE Pt goits orihspPRding t pa¥itst st rofd Sxcekfs Aiachd” " mo
to each of thmesholjarat or The conbined signals to anplifier OIBa
circuits of Figure 10. In each of these cir- now include, (a) three

m croanperes for the cuits the positive polarity signal on Iline
three sequential 334 ooTheemathedi fomdedeslingcef clEg 2anwdleseimeaidgfirstve

polarity si giakh8M is & w&&&r&%ed 2ondéthnt he second | anding (going 10 the
respective |lines TBa, TBc, up) to the present |ocation of car

"c" at the Accordingly, haV| ng assurred that no signal is third | anding
(goi ng down) - appBied tTheougdthoidndor Idecodingeopiclaimm! 82 i wiherein salid Nfigst2DDT,

1DDT and 2U i des BYa,, BYb and, BYd rec i hput nal.. _2DRE1
Chrough. 1UREESTAIE & % RTeACTERRINGS RTHEN Plsodad by RsHo afy erfors

anpl ificerscoa'esp@didxﬂ NbSaidhsetdnidn@atalrateb) six micro- 15 and the coils of
non-stop rel ays NSa, NSb anperes-for the second Iandi ng car call in 80
and NSc remai n unenergi zed. ‘c"-applied through
line 2DGCS(5), BB th sethods fan cdecodingt af:t@am 112 awdereifl gaid fipdRE2

t hrough 1H'ﬁ|:e%holcf"¥'n?ic§aﬂsgeédr{d Yatdshbed Jrfle ard 28y gﬁﬂéd%&&ﬁ{zﬁgd
2MJSa and |1 ne

Six, mcro- 6) of_ the ngn-st
associ at ed GPR$fant HHffe?aé‘i ma?bert %ermmrm%end% o sasa@c%ﬁeegdzgata daten  of

the cars, are cl osed and each car allotted car "c" to corrpl ecte the

22: {dsl ggd;appl | eglét hr pr?\%ﬁh%&) f%?dde%ga\x’\r'?gr o‘?%‘ﬂ‘m? 32t GG | compt ixqgvﬁ:'\ehal |
steps of:

selecting said second data rate if said quality indication corresponding

to said first data rate indicates unsuccessful decoding at said first data rate
and if said quality indication corresponding to said second data rate indicates
successful decoding at said second data rate and if said quality indication
corresponding to a third data rate indicates unsuccessful decoding at said
third data rate and if said quality indication corresponding to a fourth data
rate indicates successful decoding at said fourth data rate and said number of
errors corresponding to said second data rate is less than or equal to a third

threshold.

anplifier OIBG (Figure 9) and as a result seconds hghlsqmﬂawgmﬁe lac'Ede It

37. The method for decoding of claim 36 wherein said third
threshold is a predetermined constant plus said number of errors
corresponding to said fourth data rate.

38. The method for decoding of claim 32 further comprising the
steps of:

selecting a fourth data rate if said quality indication corresponding to
said first data rate indicates unsuccessful decoding at said first data rate and
if said quality indication corresponding to said second data rate indicates
successful decoding at said second data rate and if said quality indication
corresponding to a third data rate indicates unsuccessful decoding at said
third data rate and if said quality indication corresponding to said fourth
data rate indicates successful decoding at said fourth data rate and said
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calls it encounters for its direction of travel 3DC(6), Iﬂﬂmﬂmnwmmﬂ
t hrough 1URE2, as well as its own car calls. Thus

1MJSa and line al. The sunms of these "a" approaches the secbnd® | ahdisng *|t
initiates conmbi ned signals applied to2gnplifier OTRa 25 a stop thereat

60 upiEber B o BikonGiClS 3 FeFomt e ek pcevan acyrd

per f or mancéhtéshwldepar at i ng regi stering (Figure 6) renoving car "c"
fromthe present |ocation of car the signal to timer 2UCT and causing
its "a". condenser (6 to start to dissipate the poten- The

conbi ned si gnal $% o ahpe itethodofes decoding oft deim BRewdwreirmsaighthird

transi st or thRsshol@oWs hnﬁlrb'ﬂi@teﬁ'ﬁ%néﬁurcoﬂ‘sfdrﬁa;ﬁ}ﬁﬁe§a1fd)rn&x?x%er of errors
At the sane tine a car P‘afgﬁ ches th our sequential floor herghts

from the [‘BE%FPBH %Eﬁuﬁ?‘ datapate.n approaches the sixth  of car
"b" at the sixth |endi ng (gm ng up) | andi ng, and stops .thereat in
response to its .car . e..second S|xth6%Ioor

(6] t
car call extingfi%hin ‘f ﬁ%et?‘ﬁae Odee$%fH83n¢@f (:badﬁ"héz fthes Fomprisyg
l i nes 35 stepsgdfst eri ng devi ce 6Cb (not shown hut simlar 6UDT, 5UDT

2REL | ﬂ?ouSﬁDgﬁﬁﬁéf%q‘%f aid Scond Qalel e 1A (g hciiion cciitpoping | ©
6CCTb  switedaidivsh ﬁﬂijGrié mteq yrsursesaflrdecoding at ﬁmgl‘matﬁl matéar to

timer 6CCTRNONK sa Qg {rficdtih &S&'éé ndxﬁ@%@ﬁuf@éco‘ﬁﬁ' n‘lathr}aﬁf‘fndﬁates
Figure 7) and cagBl . condenser hrough |1 ne

AUGCS(4), Success 26121 718 5P datay e s cpRaliy indicatian
4URE2  t hrcowgEspon %0 a third cdatalfdte ihlicatghunbacdessful detbding B?-said

Rt S o apefY 10dis B0 sprispondilie Sec&?f’ g

seconds data rate 1nd1cates unsuccessful decoding at said fourth data rate.

41.  The method for decoding of claim 32 further comprising the
steps of:

selecting said second data rate if said quality indication corresponding
to said first data rate indicates unsuccessful decoding at said first data rate
and if said quality indication corresponding to said second data rate indicates
successful decoding at said second data rate and if said quality indication
corresponding to a third data rate indicates successful decoding at said third
data rate and if said quality indication corresponding to said fourth data rate
indicates successful decoding at said fourth data rate and said number of
errors corresponding to said second data rate is less than or equal to said
number of error corresponding to said third data rate plus a fixed constant.

42. The method for decoding of claim 32 further comprising the
steps of:

selecting said third data rate if said quality indication corresponding
to said first data rate indicates unsuccessful decoding at said first data rate
and if said quality indication corresponding to said second data rate indicates
successful decoding at said second data rate and if said quality indication
corresponding to a third data rate indicates successful decoding at said third
data rate and if said quality indication corresponding to said fourth data rate
indicates successful decodmg at sald fourth data rate and said number of
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This Shect Has Been Replaced
stops, car "c" approaches the third landing allotted c ete
the second | and- and stops thereat in response to t HHI I ng
up hall call stop-applied through 1line 45 down hall
extingui shes the tube of 2UC(6), diod8% 2URE2 through 5URE2 110

registeri nGrz‘ﬂ#E"c@‘?ré@onﬁFﬁ %%aﬁi seﬁ?ﬁi HH&UFate% b&ds saﬁ%ﬁmb’t’?%f drede M
The sum of totlrrg éf“édﬁ%f grem)vasg Its these conbined

si gnal s apfPIr&aPOR INgi) ?af‘fj & @P’Qﬁ §°‘i‘$aﬁ¥scharge its stored
OrBb equal s 15 m croanperes, charact erl stic potential through its

transi stor TR5. e con of peyformance tine. separ- 50
After the three%ars 1h6 fﬁ‘éﬁ‘@dt{?é'g (gsda’ﬂ‘l%fﬂé er LOmPHHR gtﬂéa
present | os&psaf: of 115 their respectlve | andi ngs, the work | oads of car

"b". the cars, 's?}écﬁﬁg%?éuxttﬂ%aqgrrgférﬁas@ {qh?ﬁf}ﬁmdxcanon (§°f1fe-£?§ gﬂ'g)idqed

S|gnals to a C Separa eac ar e
now i ncl uéé?é}'sﬁd&k@ rraie:mﬁw@semsumﬁssm&emm ak sajd rfdnst ada sateesand

Figure 1113 ghget ity |xh&&a§8ﬁu€d}fré orfdlﬂgrto"ﬁ:&@e’éoﬁ&%ﬁa*‘?atle‘iﬁﬁ‘id ] 55
the system thre nds, after C@@ 3 ﬁ?.

| andi ng (géﬁ%&cﬁ%ﬁﬁ;ﬂ; ecoging af aicsrcond 4taﬁarqqgnd ﬁ%‘dtﬁ\é?)ét}'a’ﬁ\éi‘?qfl%‘ to
the |ocati eorfdspeading toai thin@ Gatstraté andicank wikucbksstul @écodi@ht ggpnds

car t%%ﬁs?%% A a6 i Bl 2GR o Spepilig seeaid faustor

di odes haI Idactalﬂatsundxcaw subdessézladeddmnglattnxdaﬁmdnﬂg dati'l}ﬁé dritb wgid

4DREZ, tra é’f f)?_ Bﬁo?% ch%g %i%ﬁ\y@'oes%uﬁ’ffou@ﬁtk %#eeg RS Bpgﬁu mi' n-

swi tch 3MJSC or | to co
si xt h |and|an§u§<érpredeterm%¢ébx pld.ne down wal | call for the S|xth caII
stop. Car "c" is at the third | andi ng | andi ng- appl i ed through l'i ne

6DC(6), diodes sj x of |ts allotted eight,, seconds left r
4£E2) switch 3 c a‘érﬁ apparatus for estimating & 'data rate of a 51gna recevaﬁH

from a transmitter capable of transmitting data at a plurality of data rates
comprising:

a first decoder having an input coupled to said signal and having a
decoded signal output and a quality indication dutput;

a first encoder having an input coupled to said decoded signal output

_ of said first decoder and having an output;

a first comparator having a first input coupled to said output of said
first encoder and having a second input coupled to said signal and having
an output;

a first counter having an input coupled to said output of said first
comparator and having an output;

a second decoder having an input coupled to said signal and having a
decoded signal output and a quality indication output; |

a second encoder having an input coupled to said decoded signal
output of said second decoder and having an output;

a second comparator having a first input coupled to said output of
said second encoder and having a second input coupled to said signal and
having an output;

a second counter having an input coupled to said output of said
second comparator and having an output; and

a processor having a plurality of inputs and an output, wherein a first

“input is coupled to said output of said first counter, a second input is
coupled to said output of second counter, a third input is coupled to said
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it to conplete the third landing clown hall call c1,

m croanperes--for the 65 stop. Only two of its origi naI Tmm nm“mtﬂiﬁ"mt
remai ning three seconds allotted car "b" to 130

18 1, 341, 421 conplete its 28 xth | andi ng car caII stop- The

i ncrease | um@xgznir{dw@acsﬁ oh ﬁbgmh%rst d@@@dle@dndtm@mh inbuf§s ¢ (4),

di odes al ong.l;i ne TBc cau u 6URE2 to 4 2,
switch 3l\/[5§cgad (ﬂ‘!zﬁ’rﬁé mgF@HSP %‘BHE}‘J? said *ﬁ@‘%ﬂ@%??ﬂ% ifier OTBG cl. The
sum of these cowlliepeih sdid C?u@l@lﬂsaﬁﬂ prétdsgor estihatdssaaid aldtacatasbsaidhe

aver age of.§ al © anplifier Be equal s 16 m croanperes, the work |oads of
all cars h&®Pficreased to characteristic of sixteen seconds of
perform tmenty-four seconds and so the output along ance tine
separating car b’ foMapREr SRR estlhBingWdata 2aROBEd YprDit! Alckiviasi onal
pr opor - | ocat i on o

t went y- f oufrofe doHagsmitter sppableef Fansmittingdaka ﬁ‘é@aﬂw’éhbblo&rd&t? ra3tesnal s
proporti on@bmpﬁsm@ s signal to the conparator circuit for

decoding means for sequentially decoding said signal at a plurality of
data rates, for sequentially producing a decoded signal output corresponding
to each of said plurality of data rates and for sequentially providing a quality
indication output corresponding to each of said plurality of data rates;

encoder means for sequentially encoding said decoded signal output
corresponding to each of said plurality of data rates and sequentially
producing an estimated received signal corresponding to each of said
plurality of data rates;

means for sequentially comparing said signal with said estimated
received signal corrésponding to each of said plurality of data rates and
producing an indication when said estimated receives signal is in error with
respect to said signal; '

means for sequentially counting a number of said indications
corresponding to each of said plurality of data rates; and

processing means for receiving said number of corresponding to each
of said plurality of data rates and said quality indication output
corresponding to each of said plurality of data rates and for estimating said
data rate of said signal.

46. The method of Claim 13 wherein:

T1 is about to 4% of the number of symbols in a frame;
T2 is about to 20% of the number of symbols in a frame;
T3 is about to 16% of the number of symbols in a frame;
T4 is about to 3% of the number of symbols in a frame;
Ts is about to 3% of the number of symbols in a frame;
Tg is about to 17% of the number of symbols in a frame;
T7 is about to 16% of the number of symbols in a frame;
Tg is about to 16% of the number of symbols in a frame;
Tg is about to 17% of the number of symbols in a frame; and
T10 is about to 19% of the number of symbols in a frame.
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10 to fifteen seconds of work applied along lines car "a" in conjunction

with the negative 75 TBa and TBb and a negative polarity signal

polarity signal proportional to fifteen seconds proportional to sixteen

seconds of work applied applied along Rgne TBa results in an input

along line TBc, the average of the conmbined signal to anplifier BYa which

is positive by 47.si Jftd medhod @fl ClaemTHGwhergireat er than the an anount
roportional to o, Hpi i nes TBa and

pr op nlh CI?&‘&RQ@%AUY the hamisd fn%@’lﬂﬁgﬂfaﬁg

TBb. This is suf ent to maintaln non-sto
sufficient to caukkisahautitoeidse plahe pumbes of syaabel édf‘@off?m |ts cont acts

Nts'lfil re_rr?Ln t f]g'fj %]Mtﬁ)\ﬂtofb 2% WQH@%@M&Sﬂt%mhaﬁlatﬁttaﬁi& Iselﬁ)a][ at ed,

st wi t hout effgect however, si uts, to e coils o
non-stop rel ays f%ﬁt%%‘l%t t@l\ﬁlfgogﬁ'gem e%ﬁyﬁ“ﬁ&a g ﬁ'ame'NSa and NSb and
operate the rel ayps isTibout to 3% dfithe ramberdsf sanbbls"incofrabeg;es its stop 20
fo travel up g5 T sl Eling ipher e SRR IR IR, 10, D09 21815,
rel ay SMa rel eas6Es isoalgutrto 20% ofithe ougnkeat. of symbols in a frame;

contacts SMla andy 39‘%.@5\%61{} t%eld"/‘é‘%f"éhé ?m‘:fé}?‘er of s bcﬁﬁﬂrﬁeﬁﬁﬁ}’é that up hall

calls are registere call stop and rese CII’CUI'[I’ car, "a"

at the third, fouFd i akgiwt toi35% of shenweaberef symphels:inmaframe; and second
later car "a" is T¢pis bR 209 bf €hé huaibertf sypilsdls iRfa fr@ivel €r m nal ,

adj acent the third tloor where an up hall call ™ 90 The systemis
pictured in Figure 11C under is in registration. (See Figure 11D for the
these conditions of call registration and car pictorial representation of

the condition of di stribution. The output signal along line TBa the
system at this ti rre) By this tinme, car remai ns unchanged and is
still proportional "b" has conpleted its car call stop at the 30 to

fifteen seconds of work that car "c" must sixth landing, has travelled to
the top | anding 95
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performbefore it can becone situated at the and six seconds remain of the

ei ght that were second | anding (going up), as car "a" is. The
allotted it for answering the down hall call out put signal along line
TBb changes as a that has been registered there. Car "c" just result

of the application of eight m'croarrperg)rs] conpl eted the down hall stop at
the third 35 to arrpllfler OrBb by each of the up hall calls Ianding and

i d h ,
Fespect | ETHOD R 4P é,éﬁ@m@%m%h%ﬁ RATH N9
signals are aprEoT Ad Al

proportional to (a) COMMUNICATIONS RECEIVERause si xt een

w

ei ghteen seconds of work for car "c¢" includ- m croanperes to flow

t hrough the diode chain ing six seconds for the second floor car call in
40 and transistor TR1L of switch 6ABSTRACTtar "c", four seconds for the
four floor heights 105 addition an input signal due to the fourth

between the rel ative positions of cars "a" floor up hall call is

appl i ed al ong |Arsystanr(fey detemmiring thedate mwlédcdatkshésbeeﬂnenuodmm cal |
This in c u t hr

al t hough fl?a’e C%HS%N:% (’YZ) "of Qe@gl?%) ra‘i‘% gc'(gagz?:}é\dfggga@n{]% 9%%8* oaﬁ%%rdgg‘l’ 8
answer ed Hgceiyed i symbelmthateareqgionpedoin fragees. { n datoiy maasnptiadt i on

poi nt. UJ4ztulll ke, &Eefri%géi HIRE Qi HAmBak. wﬁeadmeq?arta 1§tran§tﬂ{ztte&
I ntersecti,on i.odes a S oses of ca atin
present woPRS %@H@ﬂ rate, %BBQ af%’??f@t%qlﬁikhﬁbﬁ AR, B{}E‘f;d\? If&@ﬁ 1Sof t he
cars becayull onthé gymbals am spated apad within a thanel D&ioaxﬁén@odﬁr’ﬁuiéte@f the
fourth floor ?CZ aq}? ﬁ)@lnatt t%e third Iand%l agolln ve Si a"
cal | only e S8l d® A0 St 15: pOBIR FACh R0 BT U5 et i iemsngent ne
-PMa  (Fi dong tim®e owdafaiis stapsahiteidooge | qurataBbf ithe mmporThenahonﬁn? (b)
twenty se 0 _ S wor k
hetty S Ff?&ﬁlés aré"qellé é@& ?353 eg{aﬁgle by d#&d%x{: é‘iédy #{a[' GE-HREAES R
example by encoder (76) at each possible data rate A comparator, for
example comparator (84), compares the re-encoded symbols with the
originally received symbols and a counter, for example counter (100), counts
the number of symbol errors. Each decoding proée_ass produces an indication
of the quality of the decoding process which may include Cyclic Redundancy
Check (CRC) results, for .example CRC (120), or Yamamoto Quality Metrics.
The counted errors and the quality indication comprise an error metric
which is passed to a processor, for example microprocessor (56). The
processor analyzes the error metric for each data rate and determines the
most probable rate at which the incoming symbols were encoded.

Figure 2
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must perform before is can becone situated call at floor five, eight

seconds for the fourth at the sixth landing (going up) as car "b"
is. floor up hall call and the car call in car The output signal
along line TBc also "a" for the fourth floor, and four seconds for

55 changes. The down hall call at the top land- the four floor heights
between the relative 120 ing applies an input signal along |ine TDC
positions of cars "b" and "a" and (c) (6) to cause eight

m croanperes to flow eighteen seconds of work for "car" b includ-

t hr ough the diode chain and tran- ing eight seconds for the down
hal | call at sister TRl of w tch 3MDSc to the sixth

| andi ng, sixl conds re%nl ng to 2npl iYi OfBc. As a result the

negative onplage the P Aj thetop polajity
out put sig A i S %
havi ng beén ER [N four m@ mr%

I en the ' 'Drrus T(?gf ﬁFQQﬁR

order for it to becone stop at the top landing was 1 nitirated by the

T

situated at the third |landing (going dow) as signal along Iine -PMo (not
shown but sim - 6?{& "c" now is. lar to
line -PMa, (Fi gurelg so as to 130
12
FIG. 1
This Sheet Has Been R
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19 1, 341, 421 Thrs SheetHas Been Rep lace
19 be calculated as performance time for car

these is to ground through "b") and four seconds for the

di odes 3UED1 and 3UED2. The other is tg heijghts between the re atlve

t he virtual OTBa

C02 a

position of cars put of anplifier

ground at th
and i ncl udes col | ector ]

all cars EM2 of switch 3MJSa, line al, contacts 70 has decrease to
eighteen and two-third & hgse and di ode OTBDa. The inpedances of
seconds so that the output k,gﬁal alonpg line these two_pathg, are gt thed
so as to be sub- TBG, i b acp05| ve gplaﬁﬁﬁy §Hgﬂaﬁ§ﬁ?op&§tloaﬁl
stantial l'y equal as Oie‘u!t Reg=H—+hg +&57e treenzpfrtgty hi rd
seconds. T] 2| gm-g—&-ﬂe—:lﬁﬁ @ S gppl |§d to;_-_ﬁ rrplp_:fl er S-Japp-l-i—ed
to the conpara ifdcuits of Figur OMa. T™i s sHgnaMNis large enough to
cause 75 © 10 and i npeonrreetton—wtH thelsigngl prqg- the anplifiér
to increasg réEWEQBTy it s _but put _f-portronal tQlflght een seconds al ong
al ong |inef TBe—Th# rfragnift udg and rafe of | ifjne TBa rjesulfts in the
appl i cati oh ¢f $nput &% 1t hi 4 %&nkrease are,s Nt hat e out put al ong
signal to pnpleefier BY N Qéﬂ s{tive by | B¢ 3 ones greate
than the fims=15 an r Eaparfional t t D]t KBr del ayedl
out put alopg} |ine Ir es 80 second. s | rcjent to
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negative potenti al
negati ev and causes

fier

out put signal

from anp

Bya to keep the coil

BYa (Fi gUlhis She
of non-stop

i

eplaced

il

rel ease of relay NSa. Upon such release, NSa energized.
and NS2a contacts NSla and NS2a cl oge andwecontacts renaln separated
the hall call stop and NSla, conol efe arlzf cuit to hall call stop and
85 reset circuitry 11Sa_(Figure 6). } a result reset circuitr
HSa (Figure 6) to enable the car "a" cannot respond to the third
floor initiation of a stofy the third floor in res- up hall call,|does
not initiate a stop at the nsetothereglstered third floor up |hail
third floor and bypasses the tig | oo upﬁcealg.;]-q- Haol @II huk t he
nunber by calls a' DLE\[J oyusly explained . fhe [nitigflon a \g
has to angpwes— dgec;ee@&_byJ on& | whkdh &9 restis t¥d hal IlcarlS
The input|sig O tlher eby becomes™Nd cdRN t Hal Mnmetyat e atormgi | ne
3UF(6) is t{hereby renovied H-om- behi nd |l owijng, car "a", hi s
case car ti & FSHF Fi gure 8) y—Fhirs—causes rd Has to answer. Such
bypassi ng ¢oniin, sqttipg off the tinmer ang ¢ reroval of the
until the mnk}-oa@ df cdred't" orf,pdap it has it Ssvi b 3UFS (Figure
8) wthth 95 4l beé] erred t ¢ p(r'f nce tine
consequent rérﬁval of t bnﬁ ng |ine at@fg r "c" from fhe
car i mredi at gly 3 ol of ohdenser iQur d of i,
car "a" equalls or P DOpprm ts any ¢ticdl Cchangel to take
pl ace average workj | oaq, of pernforpance tine. can I p the] magni t upe
of the avefade work § oad befsSeen that in s way the togal work
that outpgt jsignal pf anplifier BG (Figure 9) 100 has tq
performed by|the sypt\emis distri along line but ed e evenlly
anong t he ansee o E tw t het and one 'rgs IUF'I"
etc., N Q 5 & ~
Q
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As stated earlier, even though a car's non- may cause the actuation of
its associated stop relay NS is actuated, it resets a hail swtch
1UFS, etc., when a car is not in a call it encounters for its direction
of travel position to answer the hall ca& | which oper- 105
provided it is stopping in response to a car ated the timer, the silogpal v
fromthe switch line call_at the_floor for which the hall cabl lis [/
1UFM 8), etc., does not nmaterially effect the regi stered. Thugl a g,
that a third floor conput at|@h8$jieetﬂaeBdemnl¢ piscgdual wor k | oad sigrg
call had been registered in car the anplifier OIBa/et
which it is con- t he prec |rcum3tances. I
nected. Wien a car is not |ocated at t oor 110 case,

have initiated a stop in for which such a call
response to the third floor car call and the nor e addi

the diode chain initiation of the stop would have csﬂj &S RE1,
etc., of Figure 2 and 3 are included tacts SM a_ang d) to
engage. in the path to the individual work | oad /rcuit
through contacts SMla would anplifier and tg§sg so a e the
signals 115 t hereby have been conpleted to "T‘ét tbe om lines
1UFM 8), etc., that they have no —up hal | call
practical effect on the system Di odes TBDI s ar wi |l not
bypass a hall and TB2s (Fifure 2) acconph call if the
call has been in registration beyond resujt IS scanning
a floor a predeternined periodgof t sociated with
such a signal. 2 ®, assune
the third floor up hall call, As\ iAd ¥ ¢ ddition to
the fore- whi ch was bypasseg Y § goi ng

operation, in which a car is caused to

Fe
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SGLEIRE
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+
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: Bosod 55

earli erl " setyof adetall ed t.circumstances, is in bypass floors g% v@r@\AENTsSHEET
vvoul d ot b;emM S8k 0P 3__,|rgglnsft at.json’ Iong enough to cause tine %\:J '
responsevtg; hak I\ cal L PEOMI @@q itwe perform (Figure 8A) to operate
swi'tch | 3}0!25‘“ 'L'h;a pnceVu,n% qu Hke:car imediatcity behind it is
causes a"p?&géﬂe pql ald by Sk gm@l -t 0; appear on |l ess than the average

performance T ne 3UFM Figures 2 and 8). As a result

anot her| erratlon LS aLso A vi ded. |nt order of the approach of car "a"
to the‘th+rd Iaﬂd-~i“ﬁxuné§ gtand thls ot her operation, assune ing in
th?al preévi ously MEBHODI MAIHBMUS RORi BETERMINING” THEaSATAJSRﬁTEQ?DAet ed a Cﬁr

call stop signal is prov wo paths of con- at the
fourth floor and is starting to COHE&&Y@W&%NAE 20

1, 341, 421 20 travel ling up; car
"a" has just stopped BACIEGROWNDIORTHEINVENTIONe to a car call
while 1line [err] causes the operation of scan travel i ng down; and car
"c" has conpleted a begin relay SB (Figure 16). This cl oses con- car

cal |l stop at tfbetpfesent lioventiod tedates ggarienglly ttacipifd ledhinguiiRagbnand SB2

(Figure 13)gre specifically, the present invention relates to a system in which
variable rate data is transmitted without an indication of the data rate and is
received at a communications receiver where the data rate of the
transmitted data is determined for use in processing the data.

In digital communications systems, particularly those which use
spread spectrum modulation, a transmitter may employ a vocoding system
which encodes voice information at a variable rate to lower the data rate
during pauses or other absences of voice activity, thereby reducing the level
of interference caused by this transmitter to receivers other than the
intended receiver. At the receiver, or otherwise associated with the
receiver, a vocoding system is employed for reconstructing the voice
information. It should be understood that in addition to voice information,
non-voice information alone or a mixture of the two may be transmitted to

the receiver. CT
A vocoder which is suited for application in this environment is

described in y.s. Patent No. 5,414,796, issued May 9, 1995 _ entitled
“VARIABLE RATE VOCODER," - - ’
This vocoder produces from digital
samples of the voice information encoded data at four different rates, e.g.
approximately 8,000 bits per second (bps), 4,000 bps, 2,000 bps and 1,000 bps,
based on voice activity during a 20 millisecond (ms) frame. Each frame of
vocoder data is formatted with overhead bits as 9,600 bps, 4,800 bps,
2400 bps, and 1,200 bps data frames. The highest rate data frame which
corresponds to a 9,600 bps frame is referred to as a "full rate" frame;
a 4,800 bps data frame is referred to as a "half rate” frame; a 2,400 bps data
frame is referred to as a "quarter rate" frame; and a 1,200 bps data frame is
referred to as an "eighth'rate“ frame. In neither the encoding process nor
the frame formatting process is rate information included in the data.
Additional details on the formatting of the vocoder data into data
frames - are described in.US-A-5,504,773,
entitled "METHOD AND APPARATUS FOR THE
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5 to continue travelling up. In addition, assune In addition it causes
*the production of a 65 that up hall calls are regi st RELAGENMENS SHEET
first, second, and sixth | andings. Down hall calls binary 0 signal
along lines SB (Figure 16). are registered at the third, fifth and
top Assum ng the scanner starts wth flip-flop | andi ng and a car
call is registered in car "b" 1UFF producing a binary 1 along |line 1M,

10 for t FORMAGTANGAIF RRATA AR TRANSMISEOME when contacts SBL cl ose
‘a signal is pro- it has jUSt cancel I ed at the siprehdath ¥P4thBd mayluced

I | T, 2) f I Und th t
the. nagni PECBRtR: FFOREShfinisRe AR I TR A FRATBLtted A
si gnal s abeswyiiednis UliBa(’ﬁ)ent‘lIBb( S)lOénﬂS9 4htitledOTEYSTEMI ANIDeMETHOL‘eveI

signal thg RG N %%‘Laﬂglﬁk ‘fﬁ?fﬁ:ﬁl
possessed g the ¢ osest car a h- I‘% secon S respectively $¥1Ee

magni t ude Ne" 15sugdiApri 7 Fég 3Ioor (car if a car was |ocated
signal s al ong | i nes TAa(13), TAb(3) and thereat Si mul t aneousl y the signal

I [ 2 1 - TBc(2)
(Fi gir eso andSifss A iabmation 19k s3Farame if FeB| GAngualHcs the raeivir
r epr esent atusddetdrntine framrthe rpcelpedt&ameloftdnti%émmv%ﬂﬁzcwe&se in
dition is [ 0 g f er age
si gnal ojfgwﬁe*ﬂzﬁkw Jofofte VORI prddlolTARbBIGR, gle FolteE00
does not arpagion. t halthgughi the trangmxtﬁeénacu% ransmiib ninformation
tude of réghedinpubeatite aswiiel the.afrﬁﬂﬁ whi Bficodddl this woul&sreki%cé g¢tet ed, the

i ndi vi dual erfor nac eca an J nput SI nal en- time
for car &%eé'ea&@ﬁﬁg}eegér% \/\8 PBVi ded to
anpl i - conupaonawlettmgeanpaufhadmﬂe énfdrimmioxil' Ivmuldt h&ver.fslekyr affé8Gthe Fi gure

9) along b %@%&2) Thas, itsXiradlié 9 gké‘ﬁ%flﬁfér% GBAUAGhE thethte 8 the
When conta s close a si gna 'S pro -
the frame was encoded without receiving rate information from the
transmitter. These problems and deficiendies are clearly felt in the art and

are solved by the present invention in the manner described below.

SUMMARY OF THE INVENTION

The invention in its widest aspect is set forth in
method claim 1 and apparatus claims 37 and 38.

The present invention relates to a system for determining at a
receiver of a variable rate communications system the rate at which data has
been encoded by a transmitter of the communications system. Although
the present invention may be used in many communications systems, it is
particularly useful in cellular communication systems that use a variable
rate vocoder for encoding and decoding speech at a plurality of discrete rates
or a variable rate data transfer protocol. Such communication systems
include mobile telephone, personal communication devices, wireless local
loop and private branch exchange, and particularly those that use spread
spectrum modulation. The present invention may be used in the receivers
of both the "mobile station" and the cell site or "base station” or wherever
the receiving vocoder is located in a system such as a cellular telephone
system to provide the receiver vocoder with rate information, thereby
enabling the receiver vocoders to decode the encoded speech.
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.performance tinme of car "b" causes opera- along Iline TASIQE@AC“EW—'WT SHEET
second selection 85 tional anplifier OAl (Figure 15) of the heavy
summi ng anplifier OTAS al so proportional dermand si gni fyi ng nmeans to
operate to pro- to 10 seconds. This is the work | evel signal duce a
binary 1 signal along line TTB&K. thas woul d be possessed by the cl osest
car 30 In addition the sumof the magnitudes of the approaching the first
fl oor. The signals al ong out put signals of the first and second summa-
line TAs and T%eopmsanemmummmcebmsaa fradie consisting of Eprsietdrotined” a”

gl]'galg)ndl g@?ﬂbe %‘J econ%?épt%%tg@hggﬂgﬁ&?h% ﬂ%&@?&@ﬁgdpeé}@ggﬁaﬁ{::s ?

time a bubﬁaciyeotrgwexamcrgder rdufiogr3 predetermized sime gperiad. a'rr&et hat of
the car afl@%ﬁw@.ﬁ ﬁ%&ne Cxi\h nﬁoﬁmf dfhﬁuﬁliﬁﬂé‘eéo xés W@ﬂbﬁ‘ aﬁxﬁbp ‘e’
C heavy dena

car "a" is |less 3 ver a er - ate he are nd’
The ft@meéert ﬁ’ﬁﬁo ThHergp ﬁeh sheuspegehi ﬁ*es!esnssé an a pradetermigiesd 13)

cause opermhkienam aaelifier si gnal along line [err] is appl ied to NAND 95
OA6 (Fi 18 h I t.e N2 15

cont |( nhgu[ ﬁe pzﬁt??él }Afﬁlenetcgf B%\é?‘:{ﬁ Sﬁﬁﬁ"%{?\ age r“f‘?“egﬁf‘fﬁwtc?? e %‘bieduct i on
of a bi namatesl Errgnahetaiconwhitch describe the garlity df she rd;zlcodedrsgmboie fdnSa
produces %aci'xr-ls_ﬁgﬁ @W?E e% fagao eﬁio%xaeahﬁf b %roa:e?s%rm THE &k

along |Iline evice provi | nsure at
si gnal s al®agics Wslm@mhc Bﬁdunémcy ek (GRC)aresudts) Yamametx | s

mai nt ai nedQQudRK, Memcﬁaﬁﬁa S?&b@ﬁ Eh#6t iFoMte®f Thbéddkdor &\&&hﬁé@re wallt he
binary 1 gondi ti on eout%i{*t'g S|g- 45 al on I|n F| ure 18).

Si nce as Whal's CBP“QHBI“FET jQESs S OTBge JREPEFRar anal fed no

car call emetwics usingaz ricvel alecisien cymngssngnd determines the most probable
rate at which the incoming symbols were encoded. The processor may
provide the rate information to the receiver vocoder or other devices.
The foregoing, together with other features and advantages of the
present invention, will become more apparent when referring to the
following specification, claims, and accompaxiying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of our invention, we now refer
to the following detailed description of the embodiments illustrated in the
accompanying drawings, wherein:

Figure 1 is a block diagram showing the present invention in the
receiver of a cellular telephone system;

Figure 2 is a block diagram of the rate determination apparatus of the
base station receiver of a cellular telephone system;

Figure 3 is a block diagram of the rate determination apparatus of the
mobile station receiver of a cellular telephone system; and

Figure 4 is a flow diagram of a rate determination process.

DESCRIPTION OF THE PREFERRED EMBODIMENT

In Figure 1, a digital communication system is illustrated. For
purposes of example this system is described herein within the context of a
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The production of a binary 0 signal along binary 1 signal E?ﬂ\?gggmeh@ﬂ

“l'ine RCCa(7). This in conjunction with the binary 1 sign I ne
[err] causes the production of a pulsating 105

d.c. signal along Iine CP (Figure 16). As along lines I Na and
[err](15) causes the pro- has been expglained, this starts the scanner to
50 duction of a binary 1 signal along line operate one flip-flop
1UFF, etc., after the

other in ChMgecekslarda hephoredsystad. Upliwever xt%‘&uamb aumesmwdwmgnal

(Figure 2251*9“&?’&9%8?*?49&%&? @}e?%u'?%%rf Tofnusiaon oisiing dith 261

oper ati on pérsonal communication systems (PCs), mreless local loop, pnvatetbnanshanner

the bf nar yJcege YE) OF offi ko h?f?‘éf L"’f%@#ﬂ"*eeéﬁ*“@eﬁ@ﬁﬂﬁ* Con'

and this catherswelckpawing tiagsmission yaod Q#PQ) ﬁgérEM}“*riﬁQMl tudes

?fe gﬁ pre@ b haié ;ﬁ:égénf ghe¥nBbR2 Ofhé & sté’m 5‘?,t 'h egﬂ\ iﬁ?gsfges .
sponsi ve, si i i

si gP\aI Qp ‘gécfﬁ?ﬂwtﬁ’spm‘ﬁg% é”! Ed-’l‘%he‘ a %aﬁg on Q?\‘é PUSa

whi ch oper ahewm@sna SdellpsitdyB@bsived be a f{obile ﬁ&ﬁéﬁq@aewuat l@&h{&&l&ﬁh

IR e s s
3MDs. As tbtadiqrrcigr knoven sagntiie Qerardmlmiespzmdh pomtmukiddtiaral frem
along 11 neerhBSmied OROFdeRA 12'WheR ref08R, is'dfiposed in a bHIE sPIRAVIEL | on of
a binary 0 gzr:]\alast K zgeverse imE hat along Iine T I'S proportiona

Transmitter 10 in an exemplary embodiment comprises a vocoder 14,
which encodes voice data 16 for formatting into data frames of various data
rates, e.g. frame rates of 9,600 bps, 4,800 bps, 2,400 bps, or 1,200 bps.
Vocoder 14 selects a rate in response to the amount of voice activity in voice
data 16, as described in the above-referenced U.S.Patent No. 5,414,796

and encodes the voice data accordingly. Vocoder data bits 20
and the determined rate are provided to modulator 18. Modulator 18 is
described in the above-referenced U.S. Patent No. 5,103,459, and is briefly
discussed herein for background information. Although the present
invention is discussed with respect to four different data rates, it should be
understood, however, that the teachings of the present invention are
applicable to systems where a greater or lesser number of data rates may be
employed. Furthermore the data rates discussed herein are for purposes of
example and other data rates may be used. For example, an alternative set
of frame rates may be 14,400 bps, 7,200 bps, 3,600 bps, and 1,800 bps.

By way of example, the following data frame information is provided .
for a further understanding of the frame formatting. As mentioned
previously, all frames are 20 ms in duration. A vocoder full-rate frame is
comprised of 160 data bits and 11 internal check bits. This full-rate vocoder
frame is formatted by modulator 18 into a 9,600 bps transmission frame
which is comprised of 192 bits. These 192 bits are formed from the 171
vocoder-produced data bits, a mode bit, 12 CRC bits and 8 tail bits. A
vocoder half-rate frame is comprised of 80 bits and may be formatted into
a 4,800 bps transmission frame of 96 bits. The 4,800 bps transmission frame
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17 SHEET
"21 26 seconds and each exceeds the 24 %M@AFM&
anplifiers and the signals along |ines STB, aver age si gnal

along line TBE2). (The first STA and TIBGS (Figure 15) are trans- and
second selection summation anplifies -ferred to binary 0 signals while
that along 65 neans receive the sane car call responsive |ine TTBGS |s

t f d t | s, t t | d
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binary 1 cerei be¢ormateed inteda@,6801bps tﬁmsmissxon frame when less than full-
rate vocoder data is provided. The mode bit and additional overhead bits
are included in this type of frame to indicate the rate at which the voice data
is encoded. Regardless of the rate of the voice data in this type of frame, the
frame as received is determined to be a 9,600 bps frame which contains less
than full-rate vocoder data. As such the overhead bits are used to override
the output of a full-rate frame indication to the vocoder for processing of
the portion of the bits in the frame which correspond to the less than full-
rate frame vocoder data. Furthermore it should be understood that the
vocoder data may be replaced in a full-rate transmission frame by non-voice
data. Again in this case overhead bits included in the frame identify the
frame of this type. In an alternative embodiment, the variable rate data may
comprise variable rate non-voice data. The non-voice data could be
transmitted at a maximum rate as determined at the initiation of the
transmission. During transmission, data could be transmitted at the.
maximum rate and at several sub-rates analogous to the various rates used
for voice data. A similar rate determination process would be used to
determine the rate or sub-rate of the transmitted non-voice data.

Modulator 18 includes circuitry (not shown) which adds cyclic
redundancy check (CRC) bits to full and half-rate frames and tail bits to all
rate frames (not shown) to vocoder data bits 20. Modulator 18 preferably
includes an encoder (not shown) which convolutionally encodes each
frame of data (not shown) to produce frames of symbol data. In the forward
link the convolutional encoding is preferably rate one-half, and in the
reverse link the convolutional encoding is preferably rate one-third.

Each frame of symbol data is interleaved by an interleaver (not
shown), preferably on a bit level basis, to increase time diversity for
purposes of error correction. For those frames corresponding to a data rate
less than the highest data rate, e.g. 9,600 bps, modulator 18 repeats symbol
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_15 and STA. At the sanme tine the signal along binary 1 signal alon
"G causes The pro- line 3UF(6) owing to the down hall call RﬂBbA@EMéh#é%E%T
pul sating d.c. potential along registered at the third fl oor causes al
inputs line SQ (Figure 16). This pulsating signal in to NAND gate N5
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rel eases $fnbols per second (sps).

The frames of symbol data are bi-phase shift key (BPSK) modulated
with orthogonal covering of each BPSK symbol along with quadrature
phase shift key (QPSK) spreading of the covered symbols as disclosed in U.S.
Patent No. 5,103,459. On the forward link, modulator 18 transmits the
frame as a continuous stream of modulated symbol data 22 with the power
of each transmitted frame reduced according to the symbol repetition in the
frame.

On the reverse link, modulator 18 uses orthogonal signalling
techniques along with QPSK spreading and BPSK modulation as disclosed
in US. Patent No. 5,103,459. Modulator 18 also includes a data burst
randomizer (not shown), which transmits the frame in bursts of symbol
data 22. Further details on the data burst randomizer are described in
Taiwan Patent NI-072304 issued 15 November, 1995, entitled "DATA
BURST RANDOMIZER,'

Using the data burst randomizer, non-full rate data
is sent in gated time segments. The ratio of the data burst segments to the
total time is proportional to the data rate. Thus in the exemplary
embodiment, a frame of full rate data consists of 576 symbols (rate one-third
coding) for a symbol frame rate of 28,800 sps; a frame of half rate data
consists of 288 symbols at a symbol frame rate of 28,800 sps transmitted with
a 50% duty cycle; a frame of quarter rate data consist of 144 symbols at a
symbol frame rate of 28,800 sps transmitted with a 25% duty cycle; a frame of
eighth rate data consists of 72 symbols at a symbol frame rate of 28,800 sps
transmitted with 12.5% duty cycle.
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35 other cars while it is providing direct service. and car "a" not
*having any call above it to The average signal along |line TBG QFkthﬁTghEEY
which it can respond stops at the next |anding REPLA
unaffected by this cause the first sunma- it encounters in any mell known
manner. tion neans of the other cars veceive the Assune t he
control system of car "a" is signals car "a" otherw se would receive and
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t he averagi ng rRkesgivesf 32r eoriprises ny demiodutatoar2é dori demwdulatingyahd OTBG
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encounter| gment count. In this shared element arrangement, the demodulated
symbol data is stored in a buffer (not shown) as received and provided to the
path for repeated processing of the data for each of the possible data rates.
The decoded output for each data rate is also stored until the rate
determination has been made. The stored decoded output corresponding to
the selected data rate is then passed to subsequent stages for further
processing. In the present invention the parameters and data generated by
this decoder are used to determine the frame rate of the transmitted data
from each of the possible frame rates.

In Figure 2, demodulated symbol data 28 is provided to each of
summers 34, 36, and 38. As mentioned before, for the forward link
transmitted frames, symbols are repéated for lower rate frames to achieve a
constant number of symbols in a frame as transmitted. In order to provide
an increase in quality, at the receiver the repeated symbols are summed and
scaled to provide for each set of repeated symbols a combined symbol
representative of the original symbol before repetition on the transmit end.
Summer 38 sums every 8 symbols and provides a scaled sum symbol
data 40. Summer 36 sums every 4 symbols and provides a scaled sum
symbol data 42. Summer 34 sums every 2 symbols and provides scaled sum
symbol data 44. Thus, summers 34, 36, and 38 correspond to half-rate data
through eighth-rate data, respectively.
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distribution circuits. The average signal along third floor, stops thereat
‘to serve the intend- 55 TBG (Figure 9) is unaffected by tRESLN@EﬁH§E°htEb
passenger. This stop is produced because the first and second sunmati on
means of the encoder E3D) provides a steady state signal cars which are
not providing direct service, along-.ligne 3DB to decoder FCDa (Figure 6)
120 cars "b" and "c", receive all the call and mhich provides a binary 1

signal to oper .0 and a
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decoders 48 and 50 may produce Yamamoto Quality Metrics, as well.
However since other more precise quality indicators are present in the
higher rate data, the use of the Yamamoto Quality Metrics is generally not
necessary. In other embodiments, Yamamoto Quality Metrics 60 and 62 may
be produced by circuitry external to Viterbi decoders 52 and 54.

As mentioned previously, each of Viterbi decoders 48 -54 produce
decoded symbol data or bit data 68, 70, 72, and 74, respectively.
Encoders 76, 78, 80, and 82 re-encode the decoded symbol data 68-74,
respectively. Comparators 84, 86, 88, and 90 compare re-encoded bit
data 92, 94, 96, and 98 to demodulated symbol data 28, scaled sum symbol
data 44, 42, and 40, respectively. Counters 100, 102, 104, and 106 count the
number of symbols that do not match. Counters 100 - 106 produce Symbol
Error Rates 108, 110, 112, and 114, respectively, which are each represented by

an eight bit value. Symbol Error Rates 108 - 114 represent the number of

mismatches in a frame and are provided to microprocessor 56 as S1, ‘22 ‘S:: ,

and §8§ res.pectively.

Cyclic redundancy check (CRC) circuits 116 and 118 check the CRC bits
of decoded symbol data (bit data) 68 and 70, respectively. CRC circuits 116
and 118 provide CRC results 120 and 122, respectively, to microprocessor 56
as Q1 and Q2 respectively. In other embodiments, circuits may be provided
to check the CRC bits of decoded symbol data (bit data) 72 and 74 as well if so
provided. In the exemplary embodiment disclosed herein, and in the
copending patent applications and U.S. Patent No. 5,103,459, CRC results 120
and 122 are each typically represented by a one bit value.

In the reverse link, decoder 30 comprises the apparatus shown in
Figure 3. Soft-decision symbol data 180 comprises time-gated bursts of
symbols (not shown). Modulator 18 pseudorandomly masks out the
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line G (yith the reverse link, symbols are repeated to achieve a constant number of
symbols in the frame. However upon transmission only one set of each
different repeated symbols sets are actually transmitted. On the receiver end
the received symbols are treated as being symbol sets for the various possible
rates. Viterbi decoder 194 receives symbol data 180; Viterbi decoder 196
receives selected symbol data 188; Viterbi ‘decoder 198 receives selected
symbol data 190; and Viterbi decoder 200 receives selected symbol data 192,
Thus, Viterbi decoders 194-200 correspond to data encoded at full-rate
through eighth-rate, respectively. Viterbi decoders 194, 196, 198, and 200
produce decoded symbol data or bit data 202, 204, 206, and 208, respectively.
As in the forward link, each of Viterbi decoders 194 - 200 is most likely to
produce decoded symbol data 202 - 208, respectively, having the least errors
when the data is encoded at the rate to which it corresponds.

Encoders 210, 212, 214, and 216 re-encode decoded symbol
data 202 - 208, respectively.” Comparators 218, 220, 222, and 224 compare
re-encoded symbol data 258, 260, 262, and 264, respectively, to symbol
data 180, and selected symbol data 188, 190, and 192, respectively.
Counters 226, 228, 230, and 232 count the number of symbols that do not
match. Counters 226 - 232 produce Symbol Error Rates 234, 236, 238, and 240,
respectively, which are each represented by an eight bit value. Symbol Error

Rates 234, 236, 238, and 240 represent the number of mismatches in a frame

S2 S4

and are provided to microprocessor 242 as S1, » 5 and -§-§, respectively.
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1 signal al ongs%}&%" 3 A %%énﬁgﬁ%ps%ﬁ preress illustrated by the binary

decision tree shown in Figure 4 to determine the rate at which data is
encoded in a forward link and reverse link transmission, respectively. The.
reverse link rate determination process is the same as the forward link rate
determination process with the exception of some of the threshold values
in the expressions. The threshold values in the process.are a function of the
link and can be modified for different environments. Table 1 gives a set of
value for the ten thresholds of Figure 4. The inputs to the process are
collectively known as "error metrics” and comprise CRC results Q1 and Q2,

Yamamoto Quahty Metrics Q4 and Q8, and Symbol Error Rates S1, %z- S—:-,

and -?— which correspond to microprocessor inputs from either Figure 2 or

Figure 3.

The values for T1- T1p as expressed in Table I are based on the
number of symbols per frame. The number of symbols per frame is 384
symbols/frame for the forward link communication, encoded at rate one-
half, and 576.symbols/frame for reverse link communication, encoded at
rate one-third, as stated above. On the reverse link, due to the rate one-
third encoding, the encoder produces three symbols of output for each data
bit of input. The entries in Table I reflect a "short cut” in the error
comparison process on the reverse link. Instead of comparing each of the
three symbols output from the encoder to the originally received symbols,
the comparator only compares two of the three symbols. This process
reduces the required parallel circuitry while yielding the same average
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45 line Ja (Figure 15) causes direct service contacts SBl1 and SB2 ~
*fagai n di sconnects the groupu relay GJ (coil circuit Figure Ag)LAQEMENT SHEF
first and second sel ection summation anpli - start to rel ease. Before

this relay can release, fiers from their respective distribution cir-
however, the signal along line G (Figyfe.18) cuits. The binary 1 signal
along line SB Is still in the binary 1 condition and the

di scontinues the pulsating d.c. potential along 105

line CP amrgsulte abicomparing aljthteeasyonbolsi Ehergforebthecentries giveman Tablng

line Ja (Hi gaﬁgéﬁ ' | .
causes th(l-a_I %lngﬁta afoﬁg | ne?&%%ﬁg %ﬁ? (&L‘f%ng | ntg&%ghp%?gﬁ%e 16).
Ti hi s caufcfudlapfé symbolsyrecpived saghyframe} andi 2 correspauding scalingyimthe of t he
I lhl IOE) fl OIOSSIQISZ, @,WSS%@&E& li}i@mostlgeﬁe?hoﬁiésgﬁ@%@tﬁé’ eﬁ;ﬂﬁ%ﬁpr to

e binary pr e i nar nal,” al ong.its,res- .
condi ti on.reﬂ‘ﬁ‘? t?éo’g%@\g flﬁlﬁ% &W’%‘ ﬁﬁ}hﬁtﬁﬁ%% e‘?‘l&@ﬁ#&?&’%%r@q i nes
TBa(2), TBRwrsaddnk feovhich gave il +The 43/Mm peteentagedfaths namber of
TBc(2) al |smgﬂ‘%$& an twice the magni- O signal along its respective
output lin , ude of the averagc signal along l'ine TBE9) etc.
Consequently, the scanner is preparedrabley cause anplifier QAL to produce a

T
]

EBE?L%C? i onf Aﬁhﬁ@\?@g n nog"r"%{réﬁgng everse | Forward Rem "
of another binary O sijgnalLallong {inelLfatk 11% 60nkl9ne {TTBGk % ayses the
out put of NA D 0] B v ¥ 03 52 080 M I A ¥ v s
15 15 3.9% 39%

T2 77 110 20.1% 28.6%

Ts 60 84 15.6% 21.9%

Ty | 10 10 2.6% 2.6%

Ts § 10 10 2.6% 2.6%

Te | 64 96 16.7% 25%

Ty “ 60 76 15.6% 19.8%

Tg 60 76 15.6% 19.8%

To j! 64 96 16.7% 25%

T1o 71 78 18.5% 20.3%

With regard to Table I, it should be noted that the expressions in both
the forward link process and the reverse link process shown in Figure 4
reflect the results of empirical studies primarily on’voice data for the
particular frame and modulation numerology disclosed herein and in the
- copending patent applications previously identified and U.S. Patent No.
5,103,459. Other expressions may provide better results when non-voice
data, such as facsimile data, is transmitted or when the system is operating
over a different environment, such as indoor environments. Accordingly,
other values may be readily used in the Symbol Error Rate comparisons, for
comparison levels and added constant values.
" The process described with reference to Figure 4 is executed once for
each frame. To normalize the input to the decision process, the S values for
the non-full rate data processes are multiplied times the inverse of the data
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123 FFCP ceased operation the production of a ating to signify
that the car is not going to binary 0 signal along line, G
caused transis- stop at that landing. This, for all practical tor

TRSQ to turn off renoving the pul sati mg - purposes, elimnates the
passibility of any d.c. potential fromline SQ (Figure 16). This
i ndication of coincidence arising at a | and- 5 discontinued the

i eh 1 g THE chn e Sand 8 B SABR LS i gtk Bhe 7 car
voull U NGRS sckfie SRR SR b hibh hE mode 126 is gpugy i, the
f or egoi ng microprobesseeepradeads t tioi no'del 260ifi fdlee, tindry th'ethxicxtifa;‘:trbaéssbut i's
T Par_cofeeay o Fode B8 Ay ool (4 ey bRyl "ot & TN RS oo
are 75 el (RCrawltQllsis equal to onesawd CBE reskiti QRiis equabla one.| Euithis
2oL danc ekl GRE sk of g a5 PRl i b
the CRE 30f the tecéived trame of data was correct and incorrect
respectively. Throughout the tree, the symbol "&" denotes a Boolean AND
operator, the symbol " 1" denotes a Boolean OR operator, and the symbols
“=" and "<" both denote relational operators. _
At node 126, the expression "S1<S2+T;" signifies that Symbol Error
Rate S1 is less than or equal to Symbol Error Rate S2 plus a threshold value
Ty which is equal to 15 for both the forward and reverse links according to
Table 1. If the expression at node 126 is true, then the microprocessor
determines that the rate is full-rate at output 127 and provides a
corresponding frame rate indication; if false, then the microprocessor
determines that the rate is half-rate at output 129 and provides a
corresponding frame rate indication. _
At node 128, the expression "Q1=1 & S1<T," signifies that CRC result
Q1 is equal to one and Symbol Error Rate S1 is less than or equal to a symbol
error rate of T2 which is equal to 77 for the forward link and equal to 110 for
the reverse link. If the expression at node 128 is true, then the
microprocessor determines that the rate is full-rate at output 131 and
provides a corresponding frame rate; if false, then the microprocessor
proceeds to node 130. ' '
At node 130, the expression "Q2=1 & S2<T3" signifies that CRC
result Q2 equals one and Symbol Error Rate S2 is less than or equal to a
symbol error rate of T;. IF the expression at node 130 is true, the
microprocessor proceeds to node 132; if false, then the microprocessor
proceeds to node 134.
At node 132, the expression "Q8=1 & (Q4=0 | S8s54)" signifies that
Yamamoto Quality Metric Q8 is equal to one and the expression signifying
that Yamamoto Quality Metric Q4 is equal to zero or Symbol Error Rate S8 is
less than or equal to Symbol Error Rate S4 is true. Again for this
embodiment, Yamamoto Quality Metric values of one (1) and zero (0)
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coincident in their location and direction of ahead of it on it '
“through the building. travel, notw thstanding one is physi czﬁtﬂrheﬂw}ﬂ SHEE?
the work | oad between each two such 15 ahead of the other by sonething

less than a cars is expressed in terns of the time cal- 80 floor height.
If this happens the first sum culatefito el apse while the cars are
perform mation neans of the cars would share the I ng services and is

measured b iteria di stapce and _call

r esponsi vé'gﬂzﬁ%ﬁi indicate 2 high oy loweprohability,of corract decpding ofghet woul d
woul d ot heymlxﬂdmbpmhev&edmdecbdet he equi p- t ake each car running at
Its rated spee a | i h cal |l trailin,

travel the di s%?lkgeeégjet %@% a?}‘sgpemgrfé %é%ﬁ%ﬂ %‘“’SE‘Y“P%“?VFH afal n

ci r cunst ateawdent3é; if false, the anigraprpcessof poaceeds totnade 138.t réa:\m&a&,he

[egi stral ithe expiédiiort S52oHeT, O%%\% et Symbd Errof Rafe 5235 3841URM o and

second, the SS LN response to the opera-
al lotted é’aeﬁf&%lngm?qlkﬁ%ﬁﬁa S s they $xgession ik adgri36tis s,
3 I5 gni f%nh ntghenahe midroprddessor @@t@mﬁh@b*g{dtttﬁama&e g h\tadﬂ-faterut ¢ mlm

W t hs N [ of herw.se r.ay, ng oors in
sequence |araﬁ{l€rp§g¥f$q% 5 %%Sgﬂoncﬁng adle rate mdxcatxon,S{ €cal | s.
Assumne camqbpmessm‘cﬂems tthapthe eratte lis czighbmateofit tdt&pu&rl&lSmmdl - the

physi cal @éI}%x{EE ately in front of it.
Furtherrm e, %J%éc%nrh Séte - |£\‘gqﬁimsarre iéll £egclflon such that the circuitry
ni ni ng each wordkt PB @ 15Bethy gm@@nm%@ signifieg that Yamamete Ldualityt o be

at the saMetrid é’% alaﬁbdoﬂ@r IT¥ Qhe éﬁi&g%twdé hwds m?éJ thbﬁ%bl on as
t he other car. Thus t

the othet A cpl s BB o MG (000 BT Ut ot 1=
t hi s aver aipteemiines thht ther kateodd hélf-rate at IdutpuTBh.‘BSZ)and pudmichast kal |y
o SEPbondRl PR, Rl opd Wl O Bt
i mredi - "52<54+ 5 signifies that Symbol Error Rate S2 is less than or equal to
Symbol Error Rate 54 plus Ts. If the expression at node 140 is true, then the
- microprocessor determines that the rate is half-rate at output 137 and
provides a corresponding frame rate indication; if false, then the
microprocessor determines that the rate is quarter-rate at output 139 and
provides a corresponding frame rate indication.
At node 134, the expression “Q4=1 & Q8=1" s1gmf1es that Yamamoto
Quality Metric Q4 equals one and Yamamoto Quality Metric Q8 equals one.
If the expression at node 134 is true, then the microprocessor proceeds to
node 142; if false, then the microprocessor proceeds to node 144. At
node 142, the expression "58<54 & S8<Tg" signifies that Symbol Error Rate
S8 is less than Symbol Error Rate 54 and Symbol Error Rate S8 is less than or
equal to a symbol error rate of Tg. If the expression at node 142 is true, then
the microprocessor determines that the rate is eighth-rate at output 141 and
provides a corresponding frame rate indication; if false, then the
' microprocessor proceeds to node 146. At node 146, the expression "S4<S8 &
S4<T7" signifies that Symbol Error Rate 54 is less than Symbol Error Rate 58
and Symbol Error Rate S4 is less than or equal to a symbol error rate of T7. If
the expression at node 146 is true, then the microprocessor determines that
the rate is quarter-rate at output 143 and provides a corresponding frame
rate indication; if false, then the microprocessor cannot determine the rate

This is the replacemant shoet

~ 3 AUL 1999
Date:



half its previous nmagnitude. This causes ately ahead of that car so

‘as to be unres- 35 anplifier OA6a, operating as a diff T T
ponsive to and bypass hall calls it would 100 to apply an Wpual‘% ﬁieSHEE

to one-shot multi- otherwise answer. This continues until the vibrator
OSMa As a result a negative pulse indiyidual work | oad under consideration
corn- Is applied along line COa to anplifier B4da pares nore

brovent " aid Brbl Fﬁé‘ﬁ‘ Sefaeutl indiegd & R 148 BtalBO G ety
operati ng W ’Ww‘aataxmnt sdecodrel a frame: urdessh tbelmscmprwessoeps in

response Wilth(therh gﬁg curP&iy frat@ dahdar
tion tegrrectdon of travel of

call at a f 00r cal |
car "a" F@er ﬁ@? ngé?eea %?eweemmsr%ﬁ%grqmsm frame
Ci des Wi t hmﬂmpoxﬁem&weﬁsm tredicytiofead: of over, in the preferred

T e ey
ca IS r € e one as ortegual ng
less 110 to a symbol md&%@@fffﬁogﬂ%gaﬁrﬁ&xéﬂ% x&?&cﬁ 14§ @E‘Srfe\?mlﬂﬁn Bltéé‘a” the

average if the car ot her col ncil dence

h
under st oo@‘uﬁﬂmgsﬂ?;p%?WGﬁﬁhﬁ the raty 1§ quartes-ratmat outputdtyrand onea,
and mul ti vpmaaes £Sbbrrs onHE eﬂ-anﬁ@ Pyeasadi@domalif Sfdlée Wekbd tié her -

20 ! Oerob s bk ¢S50 14 P S 43 chE SRR 0B
multi- t cBBfIFgétldxgmﬁeB bhbt dfamumbtb QuiilitgrMerid Q8 eguals nnbraa:kioﬁyn’ﬁl My to
ﬁggg?f\e/e %St pulgzkggSB '}? lef@@ﬂﬁ‘?%tt qu%cg&%t g%bq?r ’ﬁb% lJa?%er c&; P ] s gr eat er
than tw ceemiressweegm 18 %Sn@’uée&qmﬁee micropsosesportdeterminesthat e and
the conbi nage e Htﬁ&‘i%e at dxhguttm ad fstﬁ-bvﬁié%nﬂ cdrkdspotiding frvletate t O
car car yiglhd ion; if R I t,l ¢h the Om? oproceasggr proceeds to node 150. At
niode 150, the expression "S1<Tjq" signifies that Symbol Error Rate S1 is less
than or equal to a symbol error rate of Tig. If the expfession at node 150 is
true, then the microprocessor determines that the rate is likely to be full-rate
but the frame is likely to contain bit errors. Therefore, the microprocessor
provides a “full-rate likely” frame rate indication at output 151. If the
expression at node 150 is false, then the microprocessor provides an erasure
indication at output 153.

As mentioned previocusly, on occasion less than full-rate Me
vocoder data may be fransmitted along with non-voice data in a 9,600 bps
transmission frame. Although the microprocessor will determine that the
frame is a full-rate frame, it will inspect the mode bit to determine if in fact
the frame is comprised of full-rate vocoder data. If the mode bit indicates
that the frame is comprised of full-rate vocoder data then this indication is
provided to the vocoder. However, should the mode bit indicate that the
frame is comprised of a mixture of vocoeder data and non-voice data, or all
non-voice data, then a further inspection of the additional overhead bits
transmitted in type of frame is undertaken. Fronr these additional
overhead bits the rate of the vocoder data, if present, is indicated. In those
cases where vocoder data is present in this type of frame, the microprocessor
provides to the receiver vocoder the indicated frame rate of the vocoder
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55 "a" bypassing a landing at which a hall call car

are less than the 120 1is registered.
average. In these circunstances the bypass-

Anot her arrangenent

for providing the ing car is available for such operation if it
foregoing operation is recognized asibpeing does not have a car cal
registered in it. accurate even where the decrease in the signa
Cars which arge carrying nore than a pre- 60 along line TBa(2)

owi ng to coi Het¥EMber ithamdhat deteermihad & : heir . maxinum
125 = sufficitketcab® wh&Y A& LhQiJSsILEed °§Jﬁ§‘%§‘@§‘f‘2ﬁ‘§ “%&éﬁé’i‘ﬂf’% :R;\t .

consi dered part of, the group

RISEen . framey is, comprisedyah allngod-he

i ndi cation ‘Ohfef2tbning) s@findicated sijethanovérhead biithavg. mp&?b{:k% e%é)cati on
3

of a car at @rowiddsaglaskindicatioR%o 90, Lhe
duced by the circuitry Of Figure 1 ﬁ%&éﬁ%@ge%¥?q§ﬁ§

stem excep
b wll cancel hall cal

is for its direc- 65 ately upon the elevator control system oper- tion
of travel should it stop in response to 130 24

1, 341, 421 24 a car call at a
fl oor at which such a hall call t he byoass neans would indicate that
it IS registered. shoul d bypass it or

t hem
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Various nodifications are also possible. Thus In addition ingt @heNT GH
ey

‘conputing the work It is recognized that it is net abso oad
of each car by referencing on the car 5 necessary in every installation
to take the floor imediately in front and neasuring back to 70 T to
floor travel tinmes into consideratiomg . the car in question and when
such neas §%P determ ning, work | oads or performance tines nent is
bel ow t he age causing the car in as has .been done-in the disclosed
arrange- front to bypass hall calls, a different but sub- ment .

Nevert hel gss, Al Ineﬂh:@ufd?lr E@téﬁﬂﬁﬁfrﬁgt Q0gata %@emo*faé'nécéﬂ\LHdV&imﬂ o raangemi‘nt
is al so con- tines are Sre

d,
e o CORHRRET He i ap BT ase copmuricacionh sySfim. Ehmpr 13ind Y, s5eB0 o ©

el evator system in each car by nmeasuring directly fromthe car t hat

nstallati 02 e 2 @REURLE i) B EiRke dabd ARSLARN LA gat e car

I mredi atel y € Opera cars as ront

of it and tahpreduceia %E@iurmwedusggnal predict ionnagl & eprodies ai fitwstaccount .
Further- .greaieindikapidnne average causing the car in 15 nore, it is
realized that variations in actual question to bypass hall calls. The same
man- So floor to floor travel times occur because of ner of

conpui tation dsngétingl mdbﬁmeeledeawd s:gnavafremdteas td shie rﬁaé(i\mdm

speeds attain bIe det er ni n eqﬂp éh | and, rath

di ff erent tP’“b ang GOURE e At ;3‘%? ggr &)f‘”"‘”tsha STRID 0 EETIM, °ﬁ‘gare 15,
Thus i nst ehedn slaid receiwdesignal de;esdeehmﬁtsmfs‘mdl Bintstt ceasdmed ddgnalach

pr oduci ng ls par ' l,: o+ ad: 2 i mes to be
Phat ani cRTEHickiBE Yng YngP Bl Sa1d 31380 ndrbBE of Brecs WP shd first! |
r at ed speéwa]lty indication define a first error l[leé’]éUt put Si gna| of one of the
first -sunma- It n1ght be desirable-in certain installa- tion neans
exceedi ng the gnltude 5 ons top bias thedr%cass nmeans . of

Figure out pui®SFYWaf? rFﬁE9ver§%%ﬁjlhEP PRECHES, 21 §REON eived signal

representing a second data rate;

decoding and re-encoding at said second data rate said. second
received signal to produce a second received signal predlct1on and to
produce a second quality indication;

comparing said second received signal prediction to said second
received signal and counting a second number of errors, wherein an error
occurs when said second received signal does not match said second
received signal prediction, and wherein said second number of errors and
said second quality indication define a second error metric; and

predicting said data rate of said received signal based on a
comparison of each of said error metrics.

2. The method of Claim 1 further comprising the steps of:

reducing said received signal to produce a third received signal
representing a third data rate;

decoding and re-encoding at said third data rate said third received
signal to produce a third received signal prediction and to produce a
third quality indication; and
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10 so that it operates in a manner sonewhat sane signal mght suitably be
~produced along 25 different than previously described. Thus HREPUACAMENT SHEET

TTB&K in response to the sanme rela- 90 i nserting a negative polarity
signal along line tionship between the magnitude of the out- B5- in
the circuits of a particular car the {put signal of one of the second
sunmmat i on bypass neans of that car could be prevented nmeans and

that of the ' I . c At ng Is wor k | oad of
the this nead FZ?}%Q?"‘F@%@S‘?y'faeBFbvet‘fh%{%‘??)"cPﬁ’%??@*n’& %%égyﬂﬁgﬂi nd it fell
bel ow t heecgieeh§dgmy! sadecountingha i ndrmpmbersjofneirross ornerpie alT@mRr 95

predet ergacpd HERUSEid ERTNERS&iVed &1BAST Ub¥E nok NndtithSs ATRNBRT rdCPtded vedl®

prevented, if the. . signal .inserted along li B5- of that, car

mon 1 uctisBR! HEGictisn A ABTesh S i aunder oF gathns ped datd firdy pass
means t oquyiétptimd$catisnndeftinera heands epfort etrdar, whose second | ong
as the work lead for the car behind it summation neans output signal would
ot her - 35 did not exceed the average by sone prede- w se produce the

bi nary 13 si gfiké metbedy offi Glmim1DGurther compern singetihersdaps .ofl:t shoul d al so be
under- TTBG&K was | ess than the magni tude of the stood that although

two separate devices for ogtput'sugnal of the averaging means. This
si gni fyi ng t Reducdng saidsracepysd gignadnpe dyeduce aofpurthpresgdved shgnal

i ndi cat i pspre9énBingh®P6Mrth data v@e; a | oud wei ghing and the other a device
demand if the car with the heavy demand in 40 which signifies whether a

car call is regis- front of it was prepared to bypass hall calls 105
tered in a cdecodinghemd dendnceditgnab asasddifloabtly datahiatk ssidséourtthe heavy

q d o : . . : ' , ’
bocause [RS10d Ygnal o midREERRARH Wehdd'SiGhat pribickith M 801
t he systpraduce a fourth gughitydindieation; and Ot her operation can al so be

appropriately In the foregoing detailed description, a time

comparing said fourth received signal prediction to said fourth
received signal and counting a fourth number of errors, wherein an error
occurs when said fourth received signal does not match said fourth
received signal prediction, and wherein said fourth number of errors and
said fourth quality indication define a fourth error metric.

4. The method of Claim 3 wherein:

said first data rate corresponds. to full rate communication;

said second data rate corresponds to half rate communication;

said third data rate corresponds to quarter rate communication; and
said fourth data rate corresponds to eighth rate communication.

5. The method of Claim 4 wherein said first quality indication, said
second quality indication, said third quality indication, and said fourth
quality indication are each a single bit binary quality indication
wherein a "1" indicates a high probabitity that said data rate of said
received signal is the data rate corresponding to said quality indication
and a “0" indicates said data rate of said received signal is not the
data rate corresponding to said quality indication.

6. The method of Claim 5, wherein said step of predicting said data
rate of said received signal compriggiwfhen§teps”pf:
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45 included in an installation in which the pre- was allotted to each

call equal to the antici- 110 sent invention is prOV|ded and

ot her ways of pated tine which would el apse while a car EPLAGIAGENT SHFET

m ght be prescribed. For exanple, responded to that call. For |nproved

accur - various known control arggngenents might be acy the signa

proportional to this tine dis- conbined with this one to provide

different si Qca% a ngt h P .o < 20 nodes of
e P cei e 1195y MlatafFatd TP (16 FiEsPRART g inReatTar

operatlontgmﬂt dJ ?‘Rﬂn {?

For the &y mdé&atmngﬁ BHnds|bwe aad |(spid/drisst sake of

fSI rrplhl fi cawgber 196 ermwss desaid gecomd %uhﬂ@:ﬂ- of errorslm Q‘h? ﬁﬁtpﬁ@vbﬁeﬁ fAS a
urther s t g i art. pr_a this, tine

tion it night b‘“e“*?}fec%“?ﬁyf SRR I DB et Sl bidi i i i
i s stopped’i S ri@dse and Sa1dlf‘rﬁstte*lilaﬂotjspe!dﬂ¢atooar=eelsAm siahe tivst divager

ponse to afcattorshoul, § fe trgopened, for 55 Those skilled in the art
wi || understand frong exanple by a proximty detector or a door 120
t he foregoing how to acconplish such well open button. If desired this

m ght be accorpredicting a hadfwra@peimlic8fon if t('%‘é‘ﬁyfsitr'?f”@ 1R§\bqalt1§| | sbed

by appl yi ng; espan ent invent
provi di ng tygﬁ@aggmsaéﬁonrdeg‘b@ %%lﬁﬁhf:?)t‘@&ntl sdf f@e(ﬂfblﬁﬁéwﬁ,&)rsi:
hi gh and Ing®bercaf | enreverssakid isecoridyhumtsdrs of harrorofs tr?)e i&6aka1del, Mg £Ci rcui ts

associ at edsid Fif 0 d_t verse a c tmnthstandlng calls
call for \ i ch ot f‘@gg?het mcﬁ%ﬁH g Pgraid sae quality indigationst er ed

above or | | Bwfehse aad Slaéérfé(E'St ‘B@ﬂu’a\bliydvmhdn pr AvANEE shild fdestienmaber Wl th
tivly, whiofhemeus ck G&)Teifs\/\ﬂféﬁsecah@e(stah@ s%@fmd ﬁuﬁfﬁr ?rrlfir QP 10! g;hm bot h

tinme prOV|g g conti nue trave
n

for reopeni Seﬁ%"quB‘P%e ﬂﬁ §EPrY & f3) is true anql \S@ﬂéaﬂosﬂ‘hh gmalm made
where if tindicadion tmali AND {einnthivd heam; ﬁﬂh@@f‘ﬂint LOgOR said @?

pernmtted nhﬁbeﬁ“ﬁ?%?@ifﬁga%%u@c{ nulﬁber of errorsA)l) Is true and (sa1oclr ?sec(:)clJnTi

descrlptlon
umber of errors < said fourth _humber of errors + T4) is true, or if

(said first quality 1nd1catlon = 1 AND said second quality indication =
1) is false and (said first quality indication = 1 AND said first number
of errors < Té) is false and (said second quality indication = 1 AND

said second number of errors < T ) is true and (said fourth quality
indication = 1 AND (said th1rd quality indication = 0 OR said fourth
number of errors < said third number of errors)) is false and (said third
quality indication = 1) is true and (said second number of errors < said
third number of errors + T5) is true, or if (said first quality
indication = 1 AND said second quality indication = 1) is falsé and (said
first quality indication = 1 AND said first number of errors Tz) is
false and (said second quality indication = 1 AND said second number of
errors < T3) is true and (said fourth quality indication = 1 AND (said
third quality indication = 0 OR said fourth number of errors < said third

number of errors})) is false and (said third quality indication = 1) is
false;

predicting a quarter-rate indication if (said first quality
indication = 1 AND said second quality indication = 1) is false and (said
first quality indication = 1 AND said first number of errors <T ) is
false and (said second quality indication = 1 AND said second number of
errors < T ) is true and (sazd fourth quallty indication = 1 AND (said
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&[efr] _ 25 o ﬁ%%{ﬁ%ZMFMTQHCFT

25 explained that anmrplifiers QA3 and OA4 contr ol
system according to claim 1, 65 (Figure 14) produce binary 1
signals along wherein said passenger conveying cars are

| ines STB and STA whenever the magnizg €&l evator cars, said stations are
floors in the tubes of the output signals of the first and bui | di ngr

db
ZrenrD |V.ef . egtshﬁggrgqmwy gaéu%é%%ﬁmﬂﬂ'm sajd f%uraﬁﬁ&'i% e&ferf‘ égm@&h%

t
and OT ASYMRERff SETEITENY ig3falksecandy (mﬁ third mﬂw sd2af ife i bh isf ¢ he
time all otriuedamd (saill second number of errors kheaidayitiraghditbe rn@aRerokadl BG

(Figure 195)) is Ct%rlséf) oS aHﬂ'? Fs% qualiy 95% 1%9{18c;[nr Qti HD 4% second
quality indication = 1) is false and (said first quality indication = 1
AND said first number of errors < Tz) is false and (said second quality
indication.= 1 AND said second number of errors < T3) is false and
(said third quality indication = 1 AND said fourth quality .indication =
1) is true and (said fourth number of errors < said third number of
errors AND said fourth number of errors < T5) is false and (said third
number of errors < said fourth number of errors AND said third number of
errors < T7) is true, or if (said first quality indication = 1 AND said
second quality indication = 1) is false and (said first quality
indication = 1 AND said first number of errors < Tz) is false and (said
second quality indication = 1 AND said second number of errors < T3) is
false and (said third quality indication = 1 AND said fourth quality
indication = 1) is false and (said third quality indication = 1 AND said
third number of errors < TB) is true; and

predicting an eighth-rate indication if (said first quality
indication = 1 AND said second quality indication = 1) is false and (said
first quality indication = 1 AND said first ﬁumber of errors < T2) is
false and {said second quality indication = 1 AND said second number of
errors 5,T3) is true and (safd fourth quality indication = 1 AND (said
third quality indication = 0 OR said fourth number of errors < said third
number of errors)) is true and (said second number of errors < said
fourth number of errors + T4) is false, or if (said first quality
indication = 1 AND said second quality indication = 1) is false and (said
first quality indication = 1 AND said first number of errors < TZ) is
false and (said second quality indication = 1 AND said second number of
errors < T3) is false and (said third quality indication = 1 AND said
fourth quality indication = 1) is true and (said fourth number of errors
< said third number of errors AND said fourth number of errors < Tﬁ) is
true, or if (said first quality indication = 1 AND said second quality
indication = 1) is false and (said first quality indication = 1 AND said
first number of errors < Tz) is false and (said second quality
indication = 1 AND said second number of errors < T3) is false and
(said third quality indication = 1 AND said fourth quality indication = 1)
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Under these conditions the hall call selected duce its morﬁFPgﬁgﬁMEMT“’EET
si gnal . 10 for direct service in the area of heavy demand 3.A
control system according to either of 10 is registered

at a landing which has a work the preceding clains, wherein said operation

| oad both behind it and ahead of it gregmfer control circular

include light traffic signi- than the average work load. In sone

instal - 4 fa]s.eI Hﬁd“QsSH QHhtds qUi & ﬁRﬁEé‘{ﬁnh?tlL‘ﬂﬁﬁosl[hﬁgalﬁ@ rdar\‘/ue"}bgaeé@;[/vlo(rjﬂs

it mght be desir pr oduc

| evel ert‘SPﬁSarﬁy?a éﬁggﬁlseaq'@nzsﬁdt Iﬁ‘é’%"tqu‘b’gt‘ﬁy dndicaiden = 1 AND said

si gnal excreadtin@uiber ohgrrbrde 0f) dryt@ie;sai d 15 STB and STA when a
different rel ation- i ndi vidual work Ievel signals to prevent the ship
exi sts between the average si gnal and car in the progression of cars
that is immediwhergin T;, T4h .thpuTts.sT@néiz)T Tof asdrili arefix@Bs and ately
ahead of thgst&als. whose work | evel As. Any such desired
relationship iIs readlly signal is exceeded by the said average work

em oyed by using sepearate bias signals rather | evel signal from stopping

in answer #,0 b method of Z@aim%nwﬁé”r‘émolﬂl’gf)ﬂs QNE{AdoBendtahe, I3<§*r'1fhera”0|
calls for |ts di.rect,i on of8%ravel regi st'®red at by settlng t he

magnet udes® ﬁ'ﬁﬁ’sdgpafrf\et PP handlings it encounters unitl registered at
t hese signals accordingly. of said individual work

| evel signal Aeﬁ{ﬁb?gﬁr af XnPEES e 061 dTROF YRGBk 4 ?ﬁ?"v‘i‘ @’a%rcia‘gfrs‘ﬁ‘)&&%htjéS

WHAT WE CL
Control citdiratkipninl ANDgaddrpepndguality indicatipn=A) ctnifrbse aydtisamid

accordi ng fﬂ‘s@rt}ﬂaﬂty 1nd1catwn = 1 AND EX%PFh%h@tﬁBér“oW‘Hﬁbrﬁ dO*rUr glsi ty of
passenger iglse andn?sa1d ségznd qua]ity 1n31catugn|)/a AND §aid second number of
errors < T3) is false and (said third quality 1nd1cat1on = 1 AND said
fourth quality indication = 1) is true and (said fourth number of errors
< said third number of errors AND said fourth number of errors < T6) is
false and (said third number of errors < said fourth number of errors AND
said third number of errors < T7) is false, or if (said first quality
indication = 1 AND said second quality indication = 1) is false and (said
first quality indication = 1 AND said first number of errors < Tz) is
false and (said second quality indication = 1 AND said second number of
errors < T3) is false and (said third quality indication = 1 AND said
fourth quality indication = 1) is false and (said third quality
indication = 1 AND said third number of errors < Té) is false and (said
fourth quality indication = 1 AND said fourth number of errors < Tg) is
false and (said first number of errors < TID) is false.

1.

8. The method of Claim 7, further comprising the step of:

producing a full-rate-with-bit-errors indication if (said first
quality indication = 1 AND said second quality indication = 1) is false
and (said first quality indication = 1 AND said first number of errors
< TZ) is false and (said second quality indication = 1 AND said second
number of errors < T ) is false and (said third quality indication = 1
AND said fourth quai1ty indication =1) is false and (said third quality
indication = 1 AND said third number of errors T8) is false and (said
fourth quality 1nd1catlon = l AND sa1d fourth number of errors < 9) is
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progession of cars in opposed direction by work level signal signifies
the i nstantaneous work |level of its respective car also as BE%LHQEM%NH%PEET
of stations to serve passengers function of the car calls then
registered inits travelliing to and from 'said stations in res-

repective car for the stations the aerzw LI 30 ponse to calls for
service regi stered by pas- encounter in travelling in
said progfedseiand (s& first nanger of ierrsd & Tcagrs and calls registered at
stations for travel in either direction om of the present |ocation
to the present |oca- t herefrom each car stopping at each
station ti%n ofha methed of nfledina elry8 whbeeit odid tful h ratercammitgiratiohds a
call in r@ﬂ%@hr@ﬁkoﬁerﬁécﬁﬁd. t he progression. encounters
that station and nofnally stopping 5. A control system according
toclaim 3 at each encountered station which has an or claim
4, whereini® tTHd Betiked efi ¢1aiRB Whereih@O unanswered call for travel
therefrom in a _dual to each |andingy or station call. registra-
direction consonant with its direction of nove- tion device is responsive
to a call regi¥jdmsda weleevdyrbito 3%i d control circuitry includes therein
for an intervak ifdseXGeS5e Yaudl R ec- 40 sunmation circuitry
responsive to the airec- té nterval for nullifying the stop-prevention
tion of travel TaldstdealyeAquahstooblial | of the operation of the Iight
traffic signifyj mascarvalud®yual to 10; cars and also to the calls for
service regis- uit as.,the car encounters the | anding of said tered
in the cars anls stﬁevagl‘ﬁtqqﬁﬁi,t"sg‘?h sum  excessive interval call while

noving in a T6 hasnatvaine emuatuiot 64; being effective to produce

di rection consgn i | istered call. 45 work level signals
equal in nunbg?q{&% X";\{]aguéaéq‘aafet%ﬁé, 6. A control system according to

any of Tq has a value equal to 60;
T9 has a value equal to 64; and
T1o has a value equal ta 71.

11. The method of Claim 8 wherein:

T1 has a value equal to 15;

T2 has a value equal to 110;

T3 has a value equal to 84;

T4 has a value equal to 10;

T5 has a value equal to 10;

T6 has a value equal to 96;

T7 has a value equal to 76;

T8 has a value equal to 76;

Tg has a value equal to 96; and

T10 has a value equal to 78.
12. The method of Claim 8 wherein:

T1 is about 4% of the number of symbols in a frame;
T2 is about 20% of the number of symbols in a frame;
T3 is about 16% of the number of symbols in a frame;
T4 is about 3% of the number of symbols in a frame;
T5 is about 3% of the number of symbols in a frame;
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ntjnber of cars in service at any given instant, «clains 3 thrﬁggh 5
- wherein said operation 110 each said signal being indica le’\‘fo"f’ﬁNTeSHEET

i nst an- control circuitry includes heavy traffic signi- t aneous wor k
| evel of its assigned car as a fying circuits Figure 15 (Qal, N1, N2,
etc.) function of at least the calls g4hen in registra- whi ch operate in

response to the magnitude tion at the stations for each direction of nove-
of any individgais @Bewt 1é¥eaf sheymumbarkebemhgls in adimamein which the

assi gned car wil{s easwnmrof tHé Gambdieo béwjﬁnoi fyapék average work

t hose statlon ’in | ‘glgof vetrave qu veI S|gnal to control a
sel ected one lshé Py 8 e I“H@%ﬂ f symgols fia ‘br location cars
from stoppi ng i s raeesptorlse do theunumicer bs syhbb‘rnemaa ﬁrmdlaaﬂel y ahead of
it in the I‘Jt n ftr veI re er. | and- 55

progressi on; a\leragl R‘g o? "ST) rra?f\fgﬂ‘)?s'ﬂts ﬁg%ql % ncounters in

travelling to a deslgnated response to said in dividual work | evel signals

landing. 43 1he met ad f Claim 8 wherein: 120 and productive of
on average work vel ?"A control system according to claim
6, si gnal that IS I ndicative of the average of the wherein said

operation antfs)'abo@t "4@5Ubf rﬂie MRb&r loFv§inbo®é @l b fr‘!\méerV' Ce cars; and
opera- includes.car ayv ]4 ty cjrcuits { eachfc tion control
circuitry resgoh%@@@&?gt‘h‘e tth?a{‘““‘ AL HSYMR 1SN GE%rat es in response
to the tionhi |dr3be$ \abeut £2kdofatbke agabevolf iﬁohels singaaframeyagni t ude of said
average wor K g £, Bbf0% o AReMnERTY Olmie fd Mgl work level

signal's exceedi ng to
control the n&seiférﬂbgubf%eﬁf:ﬁhedwmbai‘ de Smo\]@rw peframesi gnal s associ ated

With a par- = C@r$s apout 25% of the number of symbols in a-framgd! ar car and the
car i medi at el ¥ behi nd

7 1s about 20% of the number of symbols in a frame;

T8 is about 20% of the number of symbols in a frame;

T9 is about 25% of the number of symbols in a frame, and

T10 is about 20% of the number of symbols in a frame.

14. The method of Claim 1 wherein said step of reduc1ng comprises the
steps of:

dividing in time said received signal to produce an early received
signal and a late received signal; and

summing said early received signal and said late received signal to
produce said second received signal.

15. The method of Claim 1 wherein said received signal is divided in
time into a set of segments and wherein said step of reducing comprises
the step of selecting a subset of said set of segments of said received
signal to produce said second received signal.

16. The method of Claim 2 wherein said step of reducing to produce said
third signal comprises the steps of:

dividing in time said second received signal to produce an early

second received signal and a late second received signal; and
This is the replacement sheet
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26 1, 541, 421

26 it in the progression of cars to condition said cakiRACBNENT SHEET
decodi ng apparatus to cause said particul ar car as the sel ected one.
selected car to respond only to the altered 8. A control svstem

according to claim call registratiogysignal characteristics of said
7, wherein said operation control circuitry one hall call and preventing

it from Operﬁtrrlmm@g said da{&(ﬂl udesnd Ir@@éwi-al ?if‘gfnhprhn@l §&14 tstd hetoraperate tihn
response stfation si in response to the
oper ati on }%??sala ﬁgﬁv pr8§ ?Bftst”€§e“%WF?éV@H?]Tront that of the

traffic signifying C|rcuits to select as a desig- altered call

regi st ratjhal thﬁa' ﬁ?@lodogt’ %”}Eﬂn ZOW? rein sﬂﬁt ?%onh %%E?Qeq ??ﬁrgﬂ i%“&géﬁ’?ds hal |

call in Istra I's One 0O
15. A cotit téme §p5e @rﬁehcﬂé’oﬁﬁﬂmgts @ndlmmlmeatmse ofy e‘gdls.tmgttmn pr oduce

sai d excmua@ saté‘thti‘@%ﬁﬁhé‘l eehgkisel | theCoiept Btats'e‘?gcﬁ'ngnél;sz:bg%

i ndi vi dual go % gener at K state
direct cut¥ fe%Pg Seg"'e“t °f9sa‘¢t SECORY (e typsy siANad ckypaPHise %‘d &hiindn
nal s and rexeiided eigmadi.ng neans causes the 8, wherein said
operation control circuitry transfer of all said signals except that of
sai d

18. The method of Claim 1 wherein said first quality indication is a

Cyclic Redundancy Check result.

19. The method of Claim 2 or 3 wherein said first quality indication,
said second quality indication, and said third quality indication are
each a single bit quality indication wherein a 1" indicates a high
probability of successful decoding at said data rate corresponding to
said quality indication and a “0" indicates a high probabtltty of
defective decoding at said data rate corresponding to said quality
indication.

20. The method of Claim 19 wherein said step of predicting comprises the
step of predicting a first predicted data rate if said first qﬁa]ity
indication is equal to "1" and if said first number of errors is less
than a threshold number.

21. The method of Claim 19 wherein said step of predicting comprises the
step of predicting said first data rate if said first quality indication
is equal to "1" and said second quality indication is equal to "1" and if
said first number of errors is less than or equal to said second number
of errors plus a predetermined number.

22. The method of Claim 19 wherein said first data rate is 14, 400 bits
per second.

23. A method according to Claim 1 comprising the steps of:

selecting a first data rate if said quality indication corresponding
to said first data rate indicates successful decoding at said first data

This ig the replacement shoet
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I ncludes direct service circuits which oper- one hall cal

ul satin
'signals. 15 ate in response to the operation of one of saﬁ@gL CEMBNT BHEET
control system according to claim 80 car availability circuits and
said floor selec- 15, wherein said decoding apparatus includes tion
circuits to cause said selected carggo. circuitry individual to each car
and each such travel directly to said designated |anding

circuit VYrﬁaS%Jnﬂeﬁf 3hid Gamber agle%trbag IcQRrSIpBRdt g to saidWhirse §dvauli@neously

preventin t rates to enable its respective car to 20
ping in aﬁgme ? P@éll@"Faﬁﬂgts'Hfrectlon operate in response to
ei t her steady state of travel registered at Iandings It
encounters dige@gitiGHr %@E g tir I in
travel l'ing tosga? 133 5 nao@ﬁ %tgggké fagéﬂpg§£ﬂQ9 ﬁ](ﬁEreglstratlon signal s

pr ovi ded |CP§rq-S@§ndmg fo Said 1orsn d@émrradra ngsem%éweasﬁgl tdeced ingeandof

pective caaid Juadity h@dwaed@i ebmdsgdnmg to said sek@hd"®aba Fatd i r}ﬂ@@égég” sai d
car avail abili according to any

ste
Circui s onecnsiul desed g e ToriAidendison BT compspondindyta saih 16,
wherei n  ifidstviddtalrat®Cexceeds at betond ogieesheld conditi on upon the answer of
direction and Iocation circuits for each car said hall call at the
desi gnated | andin generate a separate signal upon the approach
sai d sel e@fed Acmet od according to Claim 23 wherein saidf fitst tlrsgshold vis gar to
each fl oog rédbt%@ﬁfhed constant 11. A control system according to claim
direction of travel; call answering-tine cir- 30 9 or claim 10, wherein
said direct service cuits which in response to the registration of 95

circuits ase melnemdaéd@mng h.el(ElaQiaezaatvﬁéiréiﬁnsa1deﬂ3:*‘stcéin'~esﬁ6ﬂ?ﬁ§t§ a :
separate a e answerin said hal] cal

si gnal 82%% ?‘l"ﬁ‘d&‘"&taﬁ? fpi]é‘% Staﬁg 'ﬂﬁ“@@'ﬁrﬂiderm"s -Coraﬁeg?‘?{@‘ﬂﬁsﬁ"gﬁé‘tded

| andi ng byeednchdatd ratsel ec- tinme a car will require to answer its associ-
ted car or any other car. ated call wupon

encountering the floor for .
26. A method according to Claim 23 wherein said first, threshold and said

second threshold are equal and are a predetermined constant plus said
number of errors corresponding to said second data rate.

27. A method according to Claim 3 comprising the step of:

selecting said second data rate if said quality indication
corresponding to said first data rate indicates unsuccessful decoding at
said first data rate and if said quality indication corresponding to said
second data rate indicates successful decoding at said second data rate
and if said quality indication corresponding to a third data rate
indicates unsuccessful decoding at said third data rate and if said
quality indication corresponding to a fourth data rate indicates
successful decoding at said fourth data rate and said number of errors
corresponding to said second data rate is less than or equal to a third
threshold.

28. A method according to Claim 27 wherein said third threshold is a
predetermined constant plus said number of errors corresponding to said
fourth data rate.

29. A method accordlng to Claim 27 further comprising the step of:
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35 12. A control system according to any of which it is registered,

-and wherein said sum 100 clains 3 through 11, mherewﬂfﬁﬂggnENTSHLET
operation mation circuitry includes a first distribution cont rol
circuitry includes passenger indicating circuit and also a first
summming anplifier circuits ingdvidual to each car, each of which
which 1is individual to each car, sai first operates to signify
the presence r t r t | cal |l answer -

40 senger | n?%itegtfngg: aef:ﬁ@é dcag;é H]% V\I‘I ! anqgﬁwnch%ﬂt}?rr're signal s and
the si gna?%rrgémw;aﬂwObwdl@srst data "ét%d“ﬁ?‘éﬁ\ﬂéﬁt@sﬁﬁ%e%%fﬂl aﬂP&Pngﬂ pEty

circuits ofid Férstsaath @ate@ht it anfd |qﬂﬁﬁiﬁy0m&'lc&€wri &oﬂl‘ﬂipdh@mg to said
respective car

TP et Lnfeil ATk @P ThAAPE sucqepstul degpging! b 0 rrechie SRR 1o any
of the aami/\ﬂrflsagdtqml!ay gmelicatfion ddreesmmndamgl to a third dlazameat@ t hr ough 12,

wher ei n s QP& ahi es sﬂﬂl he&%hi atthggxdortﬁ%ﬁa#a{"‘?argddn\ﬁ ﬁjf'"%faoa\m K 45

control circuitry iInc assen i hdi ca eve r the car
i mredi at eflya béhﬂrﬂé‘citﬂ@" COY‘TGSPO"é"FQ:Gpté fOﬂdthlldétl@ilf‘afte Uaidhatﬁir each of

whi ch 't h?ud&%ESfﬂﬂsaééd%ﬁﬁ at“%é*ﬁ fbﬁ%%hfﬂééﬁ rﬁtﬁnﬁhﬂgba1d number'é? b?réFEaCtl“ated
condition indicates the I er wher eby |rst summng anpli-
of a passENJErPIMing s Wégﬁgé??‘?@n@%ﬁa SAate ,egceqqsep %"16QUW§SP‘H@ *i ndi vi dual
wor k | evel -signal effective to prevent the light traffic signify-
for the c [ e I N 35S0 Lts from
preventi ngél t?@%&géléact)éog‘?qgrgo tc?gUE%@tﬁ AT sfam;l &1§8nﬂ%ﬁ§h%f$l Piier.

115 5predetermingd granstardppi wey seid awsber of certraks aoairesponding to saidlig. A
control sygi&m d&cacpgtcg ng to claim 14. A control system

according to any of 17, including travel tinme generating circuitry
clainms 8 through 12, mherrein there are pro- which generates for each

f1oor -for3gach fthed- according to/ici@sin 27C by rﬁ@ﬁigstﬁ@tﬁtﬁﬂ glevi ce at each
|l and- tion in which it is possible to trave to It a 55 ing each of

whi ch generates a call registration separate siganal whose nmagnitude is a
function 120selecting said second data rate if said quality indication

corresponding to said first data rate indicates unsuccessful decoding at
said first data rate and if said quality indication corresponding to said
second data rate indicates successful decoding at said second data rate
and if said quality indication corresponding to a third data rate
indicates unsuccessful decoding at said third data rate and if said
quality indication corresponding to said fourth data rate indicates
unsuccessful decoding at said fourth data rate.

32. A method according to Claim 27 comprising the steps of:

selecting said second data rate if said quality indication
corresponding to said first data rate indicates unsuccessful decoding at
said first data rate and if said quality indication corresponding to said
second data rate indicates successful decoding at said second data rate
and if said quality indication corresponding to a third data rate
indicates successful decoding at said third data rate and if said quality
indication corresponding to a fourth data rate indicates successful
decoding at said fourth data rate and said number of errors corresponding
to said second data rate is less than or equal to said number of error
corresponding to said third data rate plus a fixed constant.
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signal when alanding call is registered on of the tine it t@kpgo,car ol

travel at its rated It, said cars operating in resp

speed to the said each floor fromthe preced- signal s; encodi ng
apparatus operating inres- ing floor in the direction with which the
ponse to the designation of the Iardlng at which signal is associated and
wherein said first 60 said one T call is regi stered as being the

di stribut en aChé utaac%%wge%osalaqmtzmst r% hé>step of: l'anding at
(} IPI‘ILUt es

mhlch the selected car is to travel S|gna to each
car's first directly and altering the characteristics of the

summ ng anpl i fs'eQ?éCﬁth@SﬁlHrﬁMQ‘H aam@t@ﬁal Said uahty m@at:éuroagl stration
signal of sai ach .o l Ioc%tlon

Lo be o f FRRTPORT O RSt insh @aia rase indiEates” SpRucies s Ral arfing o
and t he canid rfiieslf data ra86 amdalif seddi mtalaty dndscagriah scavfresgdnddndhen said

r2(7agl steredgcoftf 8h¥a RahA rmdté&t'esV!Uc%@sﬁu&f@%hf‘ta%dsaw SBeontiSfata rate
27  the dndeidt Faif gpatityvindicatign eerrespendias i beird detairate call bei ng
appl i ed t andtatks reiccesital decoding at said third data rate and if said quality
indication corresponding to a fourth data rate indicates successful
decoding at said fourth data rate and said number of errors corresponding
to said second data rate exceeds said number of error corresponding to
said third data rate plus a fixed constant.

34. A method according to Claim 27 comprising the-step of:

selecting a fourth data rate if said quality indication
corresponding to said first daga rate indicates unsuccessful decoding at
said first data rate and if said quality indication corresponding to said
second data rate indicates unsuccessful decoding at said second data rate
and if said quality indication corresponding to said third data rate
indicates unsuccessful decoding at said third data rate and if said
guality indication corresponding to said fourth data rate indicates
successful decoding at said fourth data rate and said number of errors
corresponding to said fourth data rate is less than or equal to a third
predetermined threshold.

35. A method according to any one of the preceding claims in which said
step or steps of decoding and/or re-encoding comprises Viterbi decoding
and/or re-encoding.

36. A method for decoding a received signal at an unknown data rate
comprising the steps of:

determining a data rate according to the method of any one of the
preceding claims;

using the decoded received signal corresponding to said determined

data rate as the bases of further processing. )
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will encounter said floors in travelling in tion point assgglate fgﬂfl}ch

the floor for which said progression of cars to the locatio Plgftlr
respective call is registered and with the said associated car so that
the work level direction of travel of the car in which the 5 signa
produced by each first summng anpli- pyespective call is registered.

70 fier is a function of both the travel tinme 24. A contro
system corgl I S I si gnal s
23 Wherg,?n E@Cﬁﬂpaﬁa‘euf @r%stih\gﬂ% Iagd%glgpﬁ‘c% dS?‘aJ sAgReFeM vhd "BonSd

recei ved traysmidipy cappbla of jinansmj ttapgidatacat a plusal ity pEsdadat ratestir st
Junctlondﬁmyﬁsﬁ,rough 19. A control system according to claim a
rectifier ich isolates the call answering- 10 18, wherein said first
distribution circuit time signal applied to each first junction 75
operates in respesseaetoddrhé4gppaviaghanfinputaoupped tb faidnsigniad artdravel tinme

' | | i t d t
before - nifid o fechdel Sionp P iefid Sl iy QPhfshEcat b, ol abAI 100 (o
accor di ngschnmd@mder (50) having an WPU’C COUPb@ﬂsmrSﬁdc‘algﬂaﬁoaﬂdt havingl @or to

di Stributgsch@ed s??‘nal WhEIR! Bnd %agt%h&}rrﬁfmééﬁfoh' QUutpuppn circuit 15 the

first sunmng anplifier ‘associ at I ncludes a first swtching
circuit for each 80 said car the call answering-time signal of a car
each operati ng fimst ee&nawe(r@) hbeim) gnainputadoupdéd thosaidladecddedosignal

t d d [ ir-
of % hal 13ueRlE o SafE 1A gae BRC (4 cohyP Yakiia, Gh futb k"8 e2pRY | 20 et ve
car and cenceder i(78) thaying aveinput coupdeddho saiddecodedusiighal nowerputfa-  first
summi ng ahpl4i %é&'hdoffecbﬂér r(ggp%ldl ?{ﬁnﬁgrarggutﬁd on of the work | evel signal

of the car fo e first junct nts associated with 85 |ow ng
I n the progression of cars. the floors between the |ocation

of its respeca ﬁQst"l:ornﬁ@:lﬁtl’oiaI (81 Sh&TNgCE Fivs O Gnpu® cothbednto ddideotput and
t he Iocatlpn of ft %
said first encodéﬂn? and having a second input coupled to said
signal and having an output and a second comparator (102) having-a first
input coupled to said output of said second encoder (78) and having a

second input coupled to said signal and having an output;

a first counter (100} having an input coupled to said output of said
first comparator (84) and having an output and a second counter (102)
having an input coupled to said output of said second comparator (86) and
having an output; and

a processor (56) having a plurality of inputs and an output, wherein
a first input is coupled to said output of said first counter (100), a
second input is coupled to said output of said second counter (102), a
third input is coupled to said quality indication output of said first
decoder (48), and a fourth input is coupled to said quality indication
output of said second decoder (50);

wherein said output of said processor (56) estimates said data rate
of said signal.

38. An apparatus (12) for estimating a data rate of a signal received
from a transmitter (10) capable of transmitting data at a plurality of
data rates comprising:
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19 wherein after the initiation of a stop at ately behind it in said
progression of travel. a floor to answer a call for that fRESAGEMST qures
26. A control system according to claim 25, 25 first distribution ="'
circuit operates to interrupt wherein said car <call separation

circuit 90 the distribution to the fiirgg summing anplifier includes for
each car a switch for each floor associated with the car that is stopping
i stri but st ool e e o T e e 71 oor
ng-ti e SGNET aFoR AHANS e O UAH AaTSrpITEr ] ISR A Lkl SRkt et 1HeaTetei ng
act uat eﬂ tsigmat lmetput3@ormspond iagetb each rof &l p&mxralnnyreqﬁ datd yateshaad

"hel uded R %ﬂ%ﬁf@%ﬁ? Wy ilno' § duafi B SPllcatiBn fkodf Opfllodliifey,
tion of teachorfk et @lueilghinlofoflatteates: stop- signal generated by the
direction and |l ocation ping at the floor. _

circuits of the respective_car,_and upon such 21. A__control system
according to %ﬂcaﬁ%f meaRy 3&@& Jﬁse%hggp foxi 3pqusBt 1A ldYapngodieg Sai t ches 35
e S el cgone 0 Lo e e e onee. o e Lo of |
ated in re&%gﬁsaé‘dt %e‘{“ﬁa’“cagﬂy c%ﬁoﬁ“?‘é\(?i ap e%‘séalmﬁ?%ar%cfr“’?g Saiﬁmfer said call,
and canceldoaréspending $ocsachf of safhd pdesatityt el dakaorates; be applied tine

circuitry operates to decrease the magni- to the first junction point
associated wth tude of each call answcring-tinme signal in the floor
and direction N5y A8l KR, 1 H,c206) or sequedtind 1y|qompaeidior sahsienalits

respecti veyiehl daid estimd¥ed Mec&ivRlr Hlgnay Sdotiespmadidlitadeado ot it 105 as a

function of, the ti clapsed fragm the, 26,.wherein said individual floor
swi t ches f%lr"rgglr*é’egﬁgﬁ%rragfas s"‘o{ﬂ%dp?"éié‘ﬁé‘(‘:q ia\'_)e"wlcﬁf"’" e safd estu&aggﬂ car
that are assetvet signalt s dacermhirr eith P8spekt twrskidlsigysaiem according to
claim tion of travel are interconnected in the car

means for sequentially counting a number of said indications
' e
corresponding to each of said plurality of data rates; and

processing means {56) for receiving said number of indications
corresponding to each of said plurality of data rates and said quality
indication output corresponding to each of said plurality of data rates
and for estimating said data rate of said signal.

39. An apparatus according to Claim 38 wherein:

said first decoder is a Viterbi decoder (48);

a first quality indication generator (116) is provided having an
input coupled to said output of said first Viterbi decoder (48) and
having an output;

said second decoder is a Viterbi decoder (50);

a second quality indication generator (118) is provided having an
input coupled to said output of said second Viterbi decoder (50) and
having an output;
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21 wherein said floors include an upper and call separation circuit in
:the sequential order 45 |ower termnal floor and including car call of
the floors with which they are associated 110 separation ciRERUACEWMIENT SHEET
operating in response to whereby a separate ring arrangenent of such the
signals generated by the direction angd . switches is fornmed for each
car, adjacent | ocation circuits of each car and with respect switches in
each ring beisgjdctnindcinuitt of caih processon (&) i ndiouptediltbys sdpautaut ngf from

all a Segalﬁff?¥%Q 1?%&1ﬁﬁ9fﬁﬁt&95“§gﬁgfﬁ¥o$e 11859 aﬁ%osafﬁa?oGFﬂ¥l§29M% gf mght

be registered in i 2 each” of cont ai n-
115 car c%ﬂ‘psp“f"é'r?s?qro 5@ fis FAuPT ed toozaid SW-H“&' @ﬁéaxd,s,@-@ond Jualidycond

swi tch Tl cati®acdenerdtcro(imd)oscr of either the termnal floor in its
for each direction in which a car call direction of travel or the
floor at which the travel to each floor whereby the actuation car

i mredi at ey aﬁmdpmfraitu iof Elid }¥ dgrdser cempmriaingenéimtesk leaoor t{182)

approach f
pati cul ar‘q{ I oor t?{g%rgrr%a?@a%lghé]t ﬁﬁgﬁgaﬁq Sicf(‘}d VSJte/Rb’ eﬁ?‘;e(ﬂ (g%;is)t'em
according to cIa|n1 said second smntches to the floor switches in 22,

wher ei n - gl drnd ppdrated S LTkl 991 fusthdCoapri3fg taahrsstrgmefo{mge”ent

whi ch are, gssoci cl udes different first junclion ol nt ated with
f1oors ah@gar?%%%e PFR SR I’F’@Fa](ﬁ‘@ et $ecoBd YigerbhdecedereéBon in which

a car progression of travel so as to actuate said 60 can approach each

fl d d ble th It -
12§O;nsag§?ng |ﬁgﬁgkéﬁg bgﬁﬁ %ggﬁrﬁéﬁpcgﬁ”“gﬂgl eingesfgnalslggﬁefgfggr

in response to car calls first Junctlon p0|nt aSSOCIated with the floor

registered i natﬁ?ﬁ‘rﬁ %Q@Pﬂ ] ‘d@crﬁ%l}‘ai)@{) ha) t @tn(% F?eddité es%ﬁoﬂﬁﬁél travel

for which t e res- ah ea Irst junction pol
pective cﬁF‘ Yy apgutRBied, each car caII aSSOCIated with said floors
and the direction

a third quality indication generator having an input coupled to said
output of said third Viterbi decoder (52) and having an output;

a third encoder (80) having an input coupled to said output of said
third Viterbi decoder (52) and having an output;

a third comparator (88) having a first input coupled to said output
of said third encoder (80) and having a second input coupled to said
signal and having an output; and

a third counter (104) having an input coupled to said output of said
third comparator (88) and having an ocutput;

and wherein said processor (56) has a fifth input coupled to said
output of said third counter (104), and a sixth input coupled to said
output of said third quality indication generator.

43. The apparatus of Claim 42 further comprising a first selector (182)
interposed between said signal and said second Viterbi decoder (196).

44. The apparatus of Claim 43 further comprising a second selector (184)
interposed between said first selector and said third Viterbi decoder
(198) . -
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65 answering-tine signal associated with a separ- of travel of the car.

130 28

28. A control system according to claim thereat to ansmer a’ égﬁﬁ§¥Q§HE[T
that floor to 27, wherein each said second switch is actuated
distributed to the second sunmm ng anplsgfier upon the approach of any
car to its floor in associated with said car the call answering its

associated direction of travel by a signal tinme sign of a car call for

said flogs,r eﬂ\'esa;gx'%rattﬁse'a?r@ta‘?ﬁ 4? f&ﬂ%eﬁi' éd?@rﬁ %gaﬂdﬁr‘%‘éaédnﬁgr%ﬁ tered

in said car pr oachi ng
car and uﬁéﬁr@é@ﬁdletwwbéméﬂgweam ﬁ@eﬁlwom Yitauki dgeodex; (b <§

tion the second smntches associ at ed mnth each 33. A control system
accordin% to a|n1 ?(g and |re tion o en.the connections bB 32,
wherein s 1“aEI‘fs’sl” #o &"F |tc°mp T3Uh 3o1eoRE MG dPPhngenent s
bet ween t1h|eef'pased betredrudesd £idstf fsemmert (3€c@and §aidcthiom lpoiarbi fdecoddr

SwWi t ches &Qz t he respectlve floor and direc- each floor for each direction
i n which ar 1

47. The apparatus of Claim 42 further comprising:

; - a fourth Viterbi decoder (54) having an input coupled to said signal
and having an output;

a fourth quality indication generator having an input coupled to
said output of said fourth Viterbi decoder (54) and having an output;

a fourth encoder (82) having an input coup]ed to sa1d output of said
fourth Viterbi decoder (54) and having an output;

a fourth comparator (90) having a first input coupled to said output
of said fourth encoder (82) and having a second 1nput coupled to said
signal and having an output; and

a fourth counter {106) having an input‘coupled to said output of
said fourth comparator (90) and having an output;

and wherein said processor (56) has a seventh inpuﬁ coupled to said
output of said fourth counter (106), and an eighth input coupled to said
output of said fourth quality indication generator.
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tion and the floor switches for the floor can approach h, £d -
.said hall call I mredi ately behind in the prescribed ma@ggkAér Sq¥$n§5h
time signal being applied to the travely whereby only the cal
answering tine second junction point aSSOC|ateg Wk t=het-heedeor

signals for the car calls registered 4.0 _each; ighu ﬁﬁ dPEedtiton of trave
for which the res- 15 car-for the fl0ors betmeen r, Ok | ocation
pective call is registered, each car call answer- “TTrERd t he

e 3P§’$§T¥%35§3>dﬁméﬂﬁlbé[ﬁfubf%'?\ahﬁ?%??c S Car call

being applied to the second juncti oRECEIVCED §3&NALi ated with said floors and

the direction point associated with the floor for which the of
travel of the car. respective call is registered
and with the 20 29. A controABSTRACTaccording to claim direction
of travel of the car in which the 85 2 28, wherein said
second switch for each car respectlve call is reqgistered. associ at ed

with the up di rdcystamder desmniniog the zate at whigh flata Bysshesn eaeedadiimg to
claim thel f&ewéeou dEaePirikbR- xlaQWo:ﬁﬁh@Mlﬁiox{s' Spftens The debeniei n

sai d second distrib éog% circuit tuat ed its respective

car's ri ngeceivgdi %ﬁém Mc?@vﬁmeﬂg"b RSt M?e%géﬁ 1s gansmytted yenent
inres ponsa fudl fktwmrfdam@ayéiuechwim sanbolsp EVdienrtheidata tsspransmitted kbe

gener at ed 185 ther SRl oy SRER Bl ??r%%*%‘? Withlh ¥eihel AP 35 Bame is,
associ at ecfull oh thereymbats araspacedodpint withispadtame ddramencedingeaate of t he
direction 'fé@fﬁ'thb%ﬂf‘?at@' PO e%??%%&'@ﬁ@&oﬂpﬂwmﬁfﬁﬁéafté&r of

its I'ESDECIVE car term na | oor 1's actuated to _open®its res-

to the sedems Pmeét%ﬁatmmtgamdapga Gitanter ofghe fipe vEhe dncomingq
arr angenerﬁrahrtésr aﬁdowedba fbheeidxﬁpres b?eﬁémﬁ 148)| et rerenebdeds fo£S pﬁC-

Igocat ion of a[qt}gfiechr el r f/ad), at ek Cltx':sy Tle®data rate. A comparg%r, a¢
example comparator (84), compares the re-encoded gymbols with the
originally received symbols andva counter, for example counter (100), counts
the number of symbol errors. Each decoding process produces an indication
of the quality of the decoding process which may include Cyclic Redundancy
Check (CRC) results, for example CRC (120), or Yamamoto Quality Metrics.
The counted errors and the quality indication comprise an error metric
which is passed to a processor, for example microprocessor (56). The
processor analyzes the error metric for each data rate and determines the
most probable rate at which the incoming symbols were encoded.
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30. A control systemaccording to any of ately ahead of it in said

prescri bed way of clainms 18 through 29, wherein sai d BERTACEMENTRREET
tion circuitry includes a second summing 35. A control system
according to claim 35 anplifier individual to each car and a second
34, wherein said second distribution circuit 100 di stribution
circuit receiving the call answer- receives said travel tine signals and
distri- ing time signals and the signals generated by butes to each
car's second summ ng anplifier said direction and location circuits
and distri- those travel tine signals, lf&r each of the boating to
each car's second sunmm ng anplifier floors between the location of its
associ at ed 40 the answering tine signals for the car and car and the
car inmedi ately ahead of it, which 105 hall calls for the floors
between the car and are associated with the direction of travel

the car ahead of it in the direction of travel in which said associated

car will encounter i ch produce the indivi-

sai d floorg ¥ 11'4r avel y du wor k | evel
signal fo of sai ®6Gar d. 13045

w th eac ] 36. A . cont

accordi ng ch second sYREMOBKIATOR DEAGIBER
35, wherein each travel tinme signal is applied out Ut gi }
corresponds to the indivi- to its respective second junction point through
dual work |evel sign for the car associ- a rectifyer which isolates the
call answering ated with each second sunning'ghhtéfier. time
signals applied 1P each second junction 50 31. A “ontrol system
according, to claim point from the travel tine signal apdlied 115

30, wherein said second distributionEgkgpxit t hereto. operates in
response to the approach of a car Ko control system according to

any of
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to a floor
said floor
tion circuits include scanning
that floor to distribute to

120

in a predeterm ned direction and
sel ec-

clainms 34 through 36, wherein

before the initiation of a stop LA oo .

circuits, first 55 ansmggﬁg\fafﬁﬁﬁ%ﬂhET
and second sel ecting sunmming anplifiers and

t he second sunm ng anplifier associated with first and secord

selection switching circuits, ge car imedi ately behind said car
the call said scanning circuits operafing in response answeri ng,
time signal of a car call for said to t|h§ operation of said heavy traffic
signify- floor reqgistered in sakd car _and of a hall call ing
means and generating in the sequence of 60 for said floor f¢r the
direction of travel of ¥ threscribed progression of travel throdgh 125
sai d car. t he buildin a_separate
floor signal corres- oa @ Amco&lmlmbys%m agaorc@ to claim
pondi ng to each Eprtlc E% acn —egeh—Rat = ¥n said
second di gtr+bYt orctreort |cmE §| e(mlon:cn vzmch ca roach
operates |n rp\nﬁ%de Lo the h 0ff a S&r ®pch™floor, said 1fifst and
second sple&ion - To a_ttoor_and afterjthe |n|t|at|on of lajstop
swi t chi ng chcuggs of ti ng—4-n response—Ho HQ’
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29 1, 341, 421

29 the signals generated by said scanning circuits magnitudes of the

out put signals of said first and connection the first and second sel ection

and sccond selection suming anplifiers to 25 summing anplifiemgp acem NT Qe
respectively, to the first cease the generation of said floor S|gnan e
and second junction points, respectively, so with the generation of a

sel ected one corres- 5 that said fir¥ft and second sel ection sumi ng

ponding to a floor at which said one hally t8ll anplifiers operate in the

sane nmanner as the Is registered. first d second sunmng anplifiers
associ - 38. A cont pot—systemr—eacesr-aRg—to—etat—36-—-ated W th
each car so as to produce& fespec- 37, wherein said scanning circuits

cease the tively, for each {€por a first selection work generation| of
said floor signals when \1 he—l0 cievel.si ?jﬁ%'z ﬁg;s gnisk udeeo Signi fi es
the magnitudes of—t:he offf put gqnja’t?s of2 botM t h&® wor ev& whh Wgul d be
possessed hy the §ilstzahd 1hé sEpndZdel e8fi 013 $ung ng [CTosest car
approaching thell acation of that YieRg el el sQl e

magni t ude 3sfToor ifn t id prescribed hay if of sai{d
aver age wol k |§\et angEall anot her—eaf—was—+6c ] thpre and a secdnd
39. A cont § Ol~sSySkEen ybstpanti gl ly as here- sel ctifon work level |
si gnal whose mnH ude bef of @& descri bed Wi&h| ref ce to the a C(ﬁm
signifies {he rklevgr { ' g

lld be pos nawi ngs. sessled by
a car |ocatsg

&
& at thag',al‘%oarg} 1§ravelling§i ©edcri bed way tfo {t he
| oca- ‘Ur

t he plicants,
ahead in |the
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20 prescribed way, said scanning circuits oper- Chartered

Pat ent Agents, ating in response to the existence aof
prede- | rperi al House, term ned relationshﬁ%éléhﬁ&i&iﬁHEET

t he magnitude 15-19 Ki ngsway, of said average work
| evel signal and the London, WC. 2
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- 31 -

METHOD AND APPARATUS FOR DETERMINING THE DATA RATE OF A
RECEIVCED SIGNAL

ABSTRACT

A system for determining the rate at which data has been encoded in

the receiver (12) of a variable-rate communications system. The data is

received in symbols that are grouped in frames. When data is transmitted.
at full rate, the frame is filled with symbols. When the data is transmitted-at
less than full rate, symbols are repeated within a frame until the frame is
full or the symbols are spaced apart within a frame. At an encoding rate of

one fourth the full rate, for example, each symbol in the frame is repeated

“four times or data is transmitted one quarter of the time. The incoming
frames are decoded, for example by decoder (48), and re-encoded, for

examplé by encoder (76), at each possible data rate. A comparator, for

example comparator (84), compares the re-encoded gymbols with the

originally received symbols ard 2 counter, for example counter (100), counts

the number of symbol errors. Each decoding process produces an indication

of the quality of the decoding process which may include Cyclic Redundancy

- Check (CRC) results, for example CRC (120), or Yamamioto Quality Metrics.
- The counted errors and the quality indication comprise an error metric

which is passed to a processor, for example microprocessor (56). The
processor analyzes the error metric for each data rate and determines the
most probable rate at which the incoming symbols were encoded.

Figure 2 .
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METHOD AND APPRATUS FOR DETERMINING THE DATA RATE OF A
RECEIVED SIGNAL

ABSTRACT

A system for determining the rate at which data has been encoded in
the receiver (12) of a variable-rate communications system. The data is
received in symbols that are grouped in frames. When data is transmitted
at full rate, the frame is filled with symbols. When the data is transmitted at
less than full rate, symbols are repeated within a frame until the frame is
full or the symbols are spaced apart within a frame. At an encoding rate of
one fourth the full rate, for example, each symbol in the frame is repeated

‘four times or data is transmitted one quarter of the time. The incoming

frames are decoded, for example by decoder (48), and re-encoded, for
example by encoder (76), at each possible data rate. A comparator, for
example comparator (84), compares the re-encoded symbols with the
originally received symbols and a counter, for example counter (100), counts
the number of symbol errors. Each decoding process produces an indication
of the quality of the decoding process which may include Cyclic Redundancy
Check (CRC) results, for example CRC (120), or Yamamoto Quality Metrics.
The counted errors and the quality indication comprise an error metric
which is passed to a processor, for example microprocessor (56). The
processor analyzes the error metric for each data rate and determines the
most probable rate at which the incoming symbols were encoded.




