
2 Description                                         formation into the
data blocks for transmission. However there is no indication of how to
optimise Background of the Invention                         the
communication protocol depending on chan- nel capacity and coding rate.
Therefore, a subs- This invention relates generally to two-way radio  5
tantial need exists in the market to develop a communication and more
particularly to time divi-   communication system that will provide an
increa- sion multiplexed digital communication and is mo-   so in the
number of available communication re particularly directed to a
communication sy-     channels that is compatible with present day 25 stem
for the efficient utilization of the frequency  kHz channel bandwidths.
spectrum.                                     10 Those skilled in the art
will appreciate the congested and crowded nature of the available
Summary of the Invention frequency spectrum. The Federal Communication
Commission (FCC) have continually sought ways       Accordingly, it is an
object of the present inven- to reallocate the available spectrum or assign
15   tion to provide a spectrally efficient communica- previously reserved
spectrum to relieve this con-  tion system. gestion. This condition is
particularly noticeable in  It is a further object of the present invention
to metropolitan areas where a large number of radio    provide a
communication system readily adapt- users are concentrated in a small
geographic       able to improved coding techniques. area. One proposal the
FCC is considering is    20     It is a further object of the present
invention to sharing a portion of the UHF television spectrum    provide a
communication system that operates with the land mobile market (FCC docket
85-172).    using narrow band land mobile communication Another
consideration is the reallocation of the    channels. land mobile reserve
frequencies in the 896-902         Accordingly, these and other objects are
ac- MHz region to private land mobile uses (FCC  25    hieved by a
transceiving device for a time division docket 84-1233).
multiplex communication system. Another alternative for the FCC is to
redefine     Briefly, according to the invention, a transcei- the standard
for land mobile communication          ving device operates within a time
division multi- channels.                                           plex
communication system which apportions Currently, the standard for land
mobile com-    30    narrow-band radio frequency communication munication
is a channel having a bandwidth of 25    channels into at least two time
slots for com- kHz. However, the FCC may redefine this stand-
municating voice signals. The transceiving device ard to use 12.5 kHz (or
possibly 15 kHz) chan-      is characterized by: nets. The theory behind
this band-split is to ef-      means for transmitting a vo-coded signal
onto fectively double the number of channels in any    35    a
communication channel having a predeter- newly allocated frequency
spectrum. Potentially,    mined maximum data rate, C, in accordance with as
"older" spectrum  is reallocated, all com-        a time division multiplex
protocol defining N time munications equipment will be required to operate
slots where N is a positive integer less than or in the 12.5 kHz channel
bandwidth.                  equal to CN, where V comprises a selected co-
Although facially attractive, a band-split to    40    ding rate, said
vo-coding signal being temporarily double the available number of channels
is not      buffered at a first rate and transmitted at a se- without cost.
Present day communication devices     cond rate exceeding 2V during at
least one of operate with a sufficient frequency guard-band      said N
time slots, said transmitting means inclu- that protects against
adjacent-channel interferen-  ding means for analyzing a voice signal at
said ce (given the frequency stability of the transmit-    45    selected
coding rate, V, to provide said vo-coded ters). Of course, the band-split
would also reduce  signal, and means for generating and preambling the
frequency guard-band tending to lead to         a data signal, which
includes at least a synch- higher adjacent-channel interference. Even assu-
ronization signal, to said vo-coded signal; ming a greater than a
two-to-one improvement in        means for receiving and buffering a
vo-coded transmitter frequency stability, and high selectivity    50
signal from the communication channel in accord- crystal filters for the
receivers, adjacent channel  ance with said time division multiplex
protocol du- performance may be degraded by a band-split.        ring at
least one of said N time slots to provide a Thus, there exists substantial
technological bar-   received signal, said receiving means including riers
that must be overcome to provide a radio      means for synchronizing to at
least a portion of with comparable performance specifications at a    55
said synchronization signal, and means for pro- competitive cost in the
marketplace. Reference is   cessing said received signal at a selected
coding made to European Patent Office Publication          rate, V, to
synthesize a received voice signal from Number 0115618 Al. which discusses
a device         the received signal; and, for achieving a full-duplex
effect between two         means for intercoupling and controlling said
subscribers (A and B) over a single channel by    60    transmitting means
and said receiving means transmitting in time duplex short bursts of data
such that the device operates to re-transmit said representing speech.
Here, the transmission rate    received signal received from at least one
of said on the communication channel is doubled to ac-      N time slots on
a first communication channel in hieve the full-duplex effect. Sub-band
coding       at least one of said N time slots on a second (SBC) at 9.6 kbs
is used to convert the speech in-    65    communication channel. 2    



3                                                   4 In another embodiment
of the invention, the       Detailed Description of the Preferred Embodi-
controlling means of the transceiving device is     ment characterized by
means for operating to re-trans- mit said received signal received in at
least one of  In Figure 1 there is shown a block diagram of the said N time
slots during at least one other time  5  time division multiplexed (TDM)
system 100 of slot thereby providing a single frequency re-       the
present invention. The system is comprised peater.
essentially of a repeater 102, a mobile unit 104, a In yet another
embodiment of the present in-      base station 106 and a portable 108. As
used vention, the controlling means of the transceiving   herein, a
portable unit (108) is defined to be a device is characterized by means for
controlling    10    communication unit typically designed to be car- and
selectively into coupling said transmitting     ried about the person. A
mobile unit (104) is a means and said receiving means, such that the
transceiving unit designed to be carried in vehi- device operates in a
first mode to re-transmit said  cles, and a base station (106) is
contemplated to received signals received in at least one of said N  be a
permanent or semi-permanent installation at time slots during at least one
other time slot, and  15    a fixed location. The mobile 104, the base
station operates in a second mode to simulate full-duplex   106 and the
portable unit 108 are hereinafter col- on a single communication channel.
lectively referred to as remote units, and the re- peater 102 is hereinafer
referred to as the primary station. The remote units communicate via the
Brief Description of the Drawings            20    primary station using
radio frequency (RF) chan- nels that are divided into at least two time
slots. The features of the present invention which are     The RF channels
used by the present invention believed to be novel are set forth with
partcularity  are contemplated to be standard narrowband in the appended
claims. The invention, together     land mobile channels. These channels
are typi- with further objects and advantages thereof, may    25    cally
understood to be communication channels be understood with reference to the
following       having a bandwidth of 25 kHz (for duplex, the description,
taken in conjunction with the accom-   channel frequency pairs are spaced
45 MHz panying drawings, and the several figures of        apart in the 800
MHz band). Of course, other which like referenced numerals identify like
ele-   channel bandwidths and spacings are possible, ments, and in which:
30    however, the present invention contemplates the use of standard land
mobile channel requiremen- Figure 1 is a block diagram of a TDM com-
tes thereby obviating the need for any new FCC munication system according
to the invention;    allocations or requirements. Those skilled in the art
can appreciate that 35     human speech contains a large amount of redun-
Figure 2 is an illustration of the preferred or-  dant information. To most
efficiently utilize the fre- ganization of a communication channel;
quency spectrum it is desirable to remove as much of the redundant
information as possible Figure 3a is an illustration of the preferred or-
prior to transmission The message is then re- ganization of the slot
overhead for a primary    40    constructed at the receiving end from the
trans- to remote transmission;                          mitted essential
speech information. Speech pro- duction can be modeled as an excitation
signal Figure 3b is an illustration of the preferred or-  (i.e., air from
the lungs) driving a filter (the vocal ganization of the slot overhead for
a remote to  tract), which possesses a certain resonant struc- primary
transmission;                     45    ture. The spoken sound changes with
time since the filter varies with time. The excitation is noise- Figure 4
is a block diagram of a remote unit     like for unvoiced sounds (i.e.,
consonants) and according to the invention;                      appears as
a periodic excitation for voiced sounds (for example vowels). Therefore, to
redu- Figure 5 is a block diagram of a primary unit   50    ce the amount
of bandwidth required to send a according to the invention;
voiced signal, the spectral characteristics of the signal must be analyzed
and the nature of the ex- Figure 6 is a block diagram of a single fre-
citation signal must be determined. quency primary unit according to the
inventi-       Prior communication systems have employed on;
55    speech digitation techniques such as pulse code modulation (PCM) or
continuously variable slope Figure 7 is a block diagram of the preferred
delta (CVSD) modulation to attempt to replicate embodiment of the
controller of Figures 4-6;     the time waveforms of the speech signals.
Howe- ver, these techniques suffer the detriment of re- Figures 8a-8c are
flow diagrams of the steps    60    quiring data rates from 12 kbps to 64
kbps. The executed by the controller of Figure 4;          current state of
the art in land mobile communica- tions is a data rate of 12 kbps to 16
kbps on a 25 Figure 9 is a flow diagram of the steps execu-   kHz channel.
This allows the transmission of one ted by the controller of Figures 6 or
7.         voice signal using CVSD. Those skilled in the art 65    will
appreciate that the combination of more effi- 3    



5                                                   6 cient voice coding
(for example coding in the ran-  coding allows a sufficiently low speech
coding ra- ge of 2.4 kbps to 9.6 kbps) and more efficient da-  to to enable
the division of a 25 kHz channel ta transmission (18 kbps to 24 kbps on a
25 kHz     bandwidth, thereby providing a spectrally efficient channel)
would allow the transmission of two or     communication system. more voice
signals in 25 kHz of frequency spect-  5    Referring now to Figure 2,
there is shown an rum.                                                RF
communication channel 200 subdivided into 8 Prior techniques indicate
splitting the com-    time sub-slots. Each time sub-slot 1-8 has asso-
munication channels into narrow frequency seg-      ciated with it an
overhead data portion 202 which ments, each being the minimum to allow one
digi-    contains a signalling protocol to be hereinafter tized voice path.
These techniques have two dis-    10    defined. Once the RF channel is
divided into a tinct disadvantages. First, narrow channels and
predetermined number of time sub-slots (8 in the wide channels do not mix
v, all within a system so  preferred embodiment) they are grouped into that
a gradual transition from wider to narrower    subsets that form
communication time slots em- channels is accompanied by increased co-chan-
ployed by the actual system users. nel and adjacent channel interference.
Secondly,    15  Those skilled in the art will appreciate that vo- any
particular choice of a narrower standard        coding a voice at various
coding rates may affect channel bandwidth "freezes" the state of the art.
the perceived quality of the received speech. Ac- That is, simply
redefining and fixing the standard  cordingly, speech vo-coded in a 9.6
kbps sub- bandwidth for land mobile communications prohi-     band coder
may be of higher perceived quality bits advantageous exploitation of
technological    20    than 2.4 kbps LPC coded speech. Therefore, the
improvements without another reassignment or        present invention
contemplates grouping the 8 ti- redefinition of communication standards.
me sub-slots into subsets as required by the par- present invention keeps
the current     ticular vo-coder utilized. An exemplary arrange- standard
for land mobile communication channels     ment of slot assignments is
illustrated in Figure 2 while splitting the time among users according to
25    (reference 202). Sub-slots 1-4 have been com- the fraction of the
channel bit rate required for on  bined to form slot 1 a, which may provide
toll qua- voice signal. This method has the advantages of     lity speech
for the users of a system. Slot 1b and preserving the present level of
interference pro-   slot 1 c are formed by combining two sub-slots (5-
tection and allowing splitting (in time) as often as  6 and 7-8
respectively) that may provide speech needed to take full advantage of
advances in the    30    of a lesser quality that is still acceptable to a
parti- state of the art of coding and data transmission.   cular user.
Accordingly, the air-time billing rate The present invention contemplates
vo-co-        may vary depending upon the quality of speech ding the voice
signal 10 minimize the speech data   required in a particular user
environment. More- rate. As used herein, vo-coding means the ana-
over, as technology improves and the quality of lysis and synthesis of
voice, which either utilizes    35    speech for a lower bit rate vo-coder
is enhanced, a vocal track model, or quantizes sub-bands of a    further
subdivisions may be readily employed sin- speech waveform to remove
redundant speech          ce the system was designed originally to operate
information thereby enabling the transmission of    with a greater number
of time slots (i.e., ultimately the required voice information in a reduced
band-   the 8 time sub-slots would be communication ti- width.
40    me slots). A typical example of a vo-coder employing a
Referring now to Figures 3a and 3b, there is vocal track model is a linear
predictive coder      shown the preferred embodiment of the overhead (LPC).
An LPC analyzer typically operates on        data information (202 of
Figure 2) for both the pri- blocks of digitized voice, determining the
model    mary-to-remote, and remote-to-primary transmis- parameters that
are applicable during a particular    45    sions. Figure 3a illustrates
the primary-to-remote block, and transmitting these parameters to a
data overhead 300. The data overhead begins synthesizer at the receiving
unit. The synthesizer  with a propagation delay 302. Typically, the maxi-
reconstructs the speech signal by using the para-   mum propagation time
delay will be defined by meters received. Since the model parameters va-
the particular system coverage designed into a ry slowly with time compared
to the speech wave-    50    particular implementation. Typically, system
ran- form, the redundancy of the speech is removed.      go is
predominately responsible for determining A typical example of a vo-coder
employing        the propagation delay. For example, the two-way speech
sub-band quantitization is a sub-band co-    propagation delay for distant
remote units (60 mi- der (SBC). In an SBC analyzer, sub-bands of a
les) may be twelve bits with 18 kbps signalling. If speech waveform are
quantized and a deter-    55    the vo-coded signal received at the primary
stati- mination is made concerning the amount of           on (repeater)
were simply repeated, the message speech energy in each sub-band. Only
those          delay would become a function of the distance of sub-bands
having an energy content above a          the transmitting remote unit. The
receiving remote predetermined threshold are transmitted thereby     units
would be required to correctly determine enabling transmission in a reduced
bandwidth.    60    where the message information resided within the
Accordingly, vo-coding provides a further reducti-  slot to correctly
recover the voice message. Ac- on in the speech data rate by using a coding
cordingly. the present invention contemplates a technique based upon
specific speech characte-      system wherein the primary station repeats
the ristics, transmitting only the perceptually impor-  information at a
fixed point in the slot. All remote tant information contained in a speech
signal. Vo-    65 4    



j mlk; 7 units synchronize to the primary station's trans-   controller 402
via connection 407. The vo-coder mined signal.
analyzer may be any suitable coder and in the Following the propagation
delay 302 is the       preferred embodiment is an LPC or SBC vo-co-
transmit key time 304. The transmit key time 304    der. The controller 402
takes the vo-coded infor- represents the time required to switch a unit be-
5  mation, which is in digital form, and routes it to tween the transmit
and receive frequency. This is   the transmit buffer 408 via data line 410.
The digi- typically considered to be a hardware limitation,   tized speech
information is stored in the transmit and in the preferred embodiment is
1.22 milli-se-   buffer 408 at whatever coding rate is selected for conds
(ms) in duration. Those skilled in the art    the vo-coder analyzer 406.
Typical examples of will appreciate that the actual number of bits    10
vo-coding data rates include, but are not limited transmitted will depend
on the data rate used. Of   to, 9.6.4.8, and 2.4 kbps. When the transmit
buff- course, as improved power amplifiers and fre-       er 408 has
reached a predetermined capacity li- quency synthesize  are designed, the
transmit     mit, the information is extracted by the controller key time
may decrease to a lesser duration. The     402 via connection 412 and
routed to the trans- bit synchronization pattern 306 follows the trans-
15    mitter 414. Of course, the controller 402 pream- mit key 304. The bit
sync portion of the data over-  bles the speech information by the data
overhead head 300 represents a digital pattern required to   portion 202 as
illustrated in Figure 2. The control- obtain bit synchronization between a
transmitting   ler 402 couples the transmitter 414 to an antenna unit and a
receiving unit. In the preferred embodi-  416 via the switch 418.
Alternatively, the switch ment the bit sync portion 306 consists of 1.22 ms
20    418 could be replaced with a duplexer (or the li- an ahemnating
logic-one logic-zero pattern. Af-  ke) to continually couple the
transmitter and re- ter acquiring bit synchronization, the receiving
ceiver to the antenna. In this manner, the data unit must also have frame
synchronization to pro-   overhead and speech information are transmitted
perly decode one or more time slots. In the pre-    at a selected
transmission data rate, which must ferred embodiment of the present
invention the    25    be at least twice that of the vo-coding data rate.
frame synchronization portion 308 consists of a     Alternately, data
information (already in digital predetermined digital word. The receiving
unit      form) may be transmitted in the same manner via must correctly
receive the frame sync portion 308   data source 420. Moreover, a
combination of vo- in a majority decision fashion (3 out of 5 in the
coded speech and data may alternatively be sent preferred embodiment) in
order to properly ac-    30  as determined by a particular user. quire
frame synchronization. Synchronizing in this     To receive information
from a time slot, the manner allows an acceptable system falsing rate
controller 402 couples the antenna 416 to a re- utilizing a minimized
number of data bits to form   ceiver 422 via the switch 418. The receiver
422 is the synchronization word. After frame synch-        coupled both to
the controller 402 and a clock re- ronization, the receiving remote unit
receives the    35    covery means 424, which may be any suitable sub frame
ID code 310. The subframe ID code         clock recovery means that will
synchronize the contains information which is used by a remote
controller 402 to the received information using unit to control and direct
the receiving circuitry to  the bit sync or frame sync portions. Once
synch- operate on at least one TDM slot. Of course, as il-  ronized, the
controller 402 takes the received va- lustrated in Figure 2, thr receiving
remote unit   40    coded speech (or digital data) and routes it to the may
be informed, via the subframe ID 310, that it   receive buffer 426 via
connection 428. This infor- will group a plurality of time sub-slots into a
single  mation is clocked into the receive buffer 426 at a user slot. After
correctly synchronizing and deco-  suitable data rate, which typically may
be the ding an assignment to at least one TDM slot, the    transmission
data rate. The information is extrac- remote receives the vo-coded speech
312, which    45    ted from receive buffer 426 via connection 430 follows
the data overhead 300.                      and routed through the
controller 402 to the vo- In Figure 3b, the data overhead 314 for the
coding synthesizer 432. Of course, the informati- remote-to-primary station
transmission is illustra-  on must be extracted at a data rate identical to
ted. The data overhead 314 is similar to the data   that which the speech
information was vo-coded. overhead 300 of Figure 3a except that the propa-
50    The synthesizer 432. enabled by the controller gation delay 302 is
not required since the primary  402 by connection 433, operates on the
essential station repeats all messages at the same point in   speech
components to synthesize the voice sig- the time slot, and the subframe ID
310 is not re-   nal. This signal is applied to a speaker 434 that quired
since slot assignment is performed by the    allows the message to be
received by the opera- primary station (repeater). Following the frame
55    tor. If. however, data was transmitted during a synchronization
portion 308 (of the remote-to-pri-  TDM slot, the data sink 436, which may
be a prin- mary station data overhead 314) the remote unit     ter or
monitor device, accepts the data and disp- transmits the vo-coded voice
message.               lays it for the operator. In Figure 4 there is shown
a block diagram of       Referring now to Figure 5, there is shown a a
remote unit 400. The heart of the remote unit   60    repeater 500 suitable
for use in the TDM com- 400 is the controller 402 (a more detailed
illustra-  munication system of the present invention. The tion and
discussion of which follows hereinafter).  controller 502 controls the
operation of the re- To transmit, a speech signal is first input via a
peater 500. The system reference 504 provides microphone 404. The speech is
analyzed by a         the controller 502 with the clock signal, which is
vo-coder analyzer 406, which is enabled by the    65  used to determine the
transmission data rate.    



9                                                 10 Operationally a
vo-coded signal is received from   bodiment, the SSDA is an MC6852
manufactured at least one time slot on a first frequency and tra-  by
Motorola, Inc. The SSDA 708 is also coupled vels from the antenna 506
through the duplexer     to the clock recovery and data detector 716. The
508 to a receiver 510. The receiver 510 is coup-   clock recovery data
detector 716 is coupled to the led to a clock recovery device 512 and the
con-  5  receiver 718 and is used to supply the received troller 502. The
controller accepts the received   synchronization informtion and received
vo-co- data signal from the  receiver 510 at the data rate  ded voice
signals to the SSDA 708. Thus, the determined by the clock recovery device
512 and    SSDA is used in both the transmit and receive supplies it to the
transmitter 514. The transmitter  modes to route data accordingly. The
clock reco- 514 repeats the signal including the overhead  10    very and
data detector 716 is also coupled to the 202 in at least one time slot on
second frequency  frame sync detector 720. The frame sync detector (at a
transmission data rate determined by the     720 receives data from the
data detector and controller 502) through the duplexer 508 to the    clock
recovery device 716 and is used to look for antenns 506.
the frame sync marker in the received vo-coded referring erring now to
Figure 6, a single frequency    15    signal. When frame synchronization is
achieved. repeater (SFR) suitable for use in the TDM sys-    the frame sync
detector 720 alerts the micropro- lem of the present invention is shown.
The re-     cessor 702 via connection 722. Once the clock peater 600 is
controlled by the controller 602.    recovery device and the frame sync
detector ha- which takes a master clock signal from the sys-     Ve both
synchronized, the vo-coded signal can be tem reference 604. A signal is
received via anten-    20    either repeated (as in the primary stations of
Figs na 606 and routed via the switch 608 to the re-    5 or 6), or
received and routed to the vo-coder ceiver 610. The receiver 610 supplies
signals to   synthesizer to recover the voice signal (as in the the clock
recovery means 612 and the controller    remote unit of Fig. 4). 602. The
received vo-coded signal is stored in a      Referring now to Figures
8a-8c, there is buffer 618 via connection 620 at the received da-    25
shown a flow diagram of the steps executed by a ta rate as determined by
the clock recover means   controller utilized in a remote unit. In Figure
8a. 612. The vo-coded message is stored in the buff-   the routine begins
with the initialization step 800, er 618 until a subsequent time slot, at
which time  which is executed during first time operation or al- the buffer
618 is emptied by the controller 602 via  ter a reset. The initialization
step 800 programs connection 622 at a predetermined data rate,    30    any
frequency synthesizers and loads various ID which is typically the
transmission data rate. The  codes that may be employed during the
operation controller 602 then routes the buffered signal to  of the
controller. The routine next proceeds to de- the transmitter 614. The
transmitter 610 sends     cision 802, which checks to see if the repeater
is the signal to the antenna 606 via the switch 608,   active. The remote
unit determines if the repeater which has been coupled to the transmitter
via the    35    is active via the bit sync circuity that operates on
controller 602 through connection 624. Accordin-   the bit sync portion of
the data overhead (see Fi- gly, in an SFR, the transmitter 614 and receiver
gure 3). A positive bit sync Indication occurs i the 610 are multiplexed to
the antenna 606 a duple-    repeater is operating (i.e., transmitting). Of
cour- xer is not required. Those skilled in the art will ap-  se, i the
repeater were inactive, the remote unit preciate that either the multiple
frequency re-    40    would not be able to obtain bit sync. peater or the
single frequency repeater may be        Referring again to Figure 8a, if
the repeater is used alternately or in combination in any particu-  not
active the routine proceeds to decision 804 to lar TDM system.
detect whether the push-to-talk (PTT) switch has Referring now to Figure 7
there is shown a      been actuated to initiate a communication. If the
block diagram of a controller 700 suitable for use    45    determination
of decision 804 is that the PTT in either a primary or remote unit. The
controller  switch is not actuated, the routine returns to refe- 700 is
comprised of a microprocessor 702. such      rence letter A and decision
802. The routine will as an MC6801 manufactured by Motorola, Inc.
continue in this loop until the switch is actuated at The microprocessor
702 is supplied a clock sig-    which time the routine proceeds to step
805. In nal by clock source 704. The system reference    50    step 805,
the predetermined repeater key-up co- (see Figs. 5 and 6) is routed to the
frame marker  de is transmitter to activate the repeater. The key- 706 and
the Synchronous Serial Data Adaptor         up code may be any suitable
code and, of cour- (SSDA) 708. Microprocessor 702 is coupled to       se,
if a particular implementation the repeater is the frame marker 706 and the
SSDA 708 via an        always activated, step 805 could be omitted. In
address bus 710 and a data bus 712. The frame    55    the preferred
embodiment of the present inventi- marker 706 is used to generate the frame
synch-    on, the repeaters are inactive (i.e., off the air) if no
ronization information contained in the data over-  remote unit is
transmitting. This conserves energy head as was described in conjunction
with Figure    and increases the mean time between failure 2. The frame
marker 706 can be any convenient      (MTBF) of the primary station. Of
course, the re- device and may be, for example, a programmable    60
peaters could be designed to operate continuous- timer module (PTM), such
as an MC6840 manu-        ly thereby eliminating the need of an activation
factured by Motorola, Inc. The SSDA 708 is used    code. After transmitting
the repear key-up code, in the controller 700 to accept data from the mic-
the routine proceeds to decision 806. Decision roprocessor 702 and
communicate the data se-       806 determines whether or not
synchronization rially to the transmitter 714. In the preferred em-    65
has been achieved. Both bit synchronization and 6    



11                                                     12 frame
synchronization are required for an aff irm-     determines whether the
repeater is active. ative determination in decision 806 (however, bit
In Figure 8c, the steps executed by the mobile sync may have already been
established in de-         controller for the receive operation are shown.
cision 802). Frame sync is determined by a majo-       Routine begins in
step 826 which receives the vo- rity determination based on a three-of-five
correct  5  coded signal from one or more time slots in the If
synchronization is established, the routine pro-    ments for the device
employing the controller. In coeds to step 808, which enables the analyzer
of      the preferred embodiment, this represents upda- the particular
vo-coder employed. Following the        ting a memory location which
contains the num- enabling of the vo-coder analyzer, the routine  10   ber
of sub-slots (1-8) that may be combined in va- proceeds to decision 810,
which determines             rious arrangements to form communication slots
whether the PTT switch has been activated. I the      for the TDM device.
The routine next proceeds to switch has been activated, the routine routes
to      decision 830 to determine whether or not synch- reference letter B
of Figure 8b (to transmit). If the  ronization has been maintained. An
affirmative PTT switch is not activated, the routine proceeds  15
determination results if the unit has correctly re- to reference letter C
of Figure 8c (to receive).      ceived five of the past nine frame sync
words. If Referring now to Figure 8b, the steps involved     there is
synchronization, the routine proceeds to [err] tne transmit mode of the
controller are       decision 832 to determine whether the com- shown. The
routine begins in step 812, which ta-      munication device is muted or
whether the kes the digitized speech information from the vo-    20
squelch is open to allow reception of the messa- coding analyzer. The
vo-coded speech is stored        ge. Those skilled in the art will
appreciate various in the buffer (408 of Figure 4) in step 814 at the
methods of squelch are known. One technique vo-coding data rate. Decision
816 determines          would consist of detecting whether the received
whether the buffer is sufficiently full to begin      signal is valid data
or noise. An alternative would transmitting. In the preferred embodiment.
the  25     be to use a form of continuous squelch, common- buffer is
deemed to be full (ready) when at least     ly referred to as "digital
private line" (DPL). Anot- one-half of one slot of vo-coded data has been
her alternative would be to employ begin-of-mes- buffered. I decision 816
determines that the buff-    sage (BOM) and end-of-message (EOM) data er is
not sufficiently full. the routine returns to the  words pre-ambled and
post-ambled to the messa- reference letter B to receive more vo-coded    30
ge, respectively. Basically, any suitable squelch speech from the analyzer
in step 812. If the deter-   system is acceptable to the present invention
to mination of decision 816 is that the buffer is suffi-  operate as
decision 832. If the squelch is muted, ciently full, the routine proceeds
to decision 818    the routine returns 10 reference letter D of Figure to
determine whether the present time slot is the      8a. However, if the
squelch is unmuted the routi- assigned slot of a particular unit. The time
slots    35  ne proceeds to set 834 where the vo-coded sig- must be
assigned so that the mobile controller        nal is placed in the buffer
(426 of Figure 4) at the knows how many of the sub-slots (1-8) to combi.
received data rate. Step 836 removes the buffe- ne for this particular
communication slot. If the      red signal from the buffer at the vo-coding
data present time slot is not the unit's assigned time      rate and
presents it to the vo-coding synthesizer slot, the routine proceeds to
decision 817 to    40    (432 in Figure 4). The vo-coding synthesizer re-
check for sync. If decision 817 determines that        constructs the
original voice message and pre- sync has been lost, the routine proceeds to
refe-     sents it lo the operator either via a speaker of ot- rence letter
A. Otherwise, the routine proceeds to     her means. Following the
completion of the synt- reference letter B. If decision 818 determines that
hesized message, the routine returns to reference the present time slot is
the unit's assigned time  45    letter D of Figure 8a. slot, the routine
proceeds to step 819, to determi-       Referring now to Figure 9. the
steps executed no whether the unit is still in frame sync. The unit  by the
primary controller (repeater) are illustrated. will have a valid frame sync
if it has correctly re-   The routine begins in decision 900, which deter-
ceived live of the past nine frame sync words. If       mines whether the
key up code has been re- decision 819 determines that the unit has drop-
50  ceived from a particular remote unit. If the key up ped frame sync,
control returns to reference letter    code is not received, the repealer
waits (i.e., off B. If the unit has held sync, the routine proceeds    the
air) until a key up code is received. Assuming. to step 620, which formats
the data overhead           however, that the key up code was received, the
preamble as previously described in conjunction        routine proceeds to
step 902. which starts the fra- with Figure 3. Following the data overhead
for-    55  me marker and keys up the transmitter. Step 904 matting of step
820, step 822 transmits a single      transmits one burst of the data
overhead defined burst on the TDM channel by transmitting the           in
Figure 3 containing the TDM slot assignment overhead and vo-coded speech
taken from the            for the remote unit. After the remote unit
receives buffer at the transmission data rate. After this sin-  sync and a
slot assignment, the remote unit gle slot is burst on to the TDM channel,
decision  60    transmits the data overhead and TDM vo-coded 824 determines
whether the buffer is empty. If the     data message to the repeater.
Accordingly, de- buffer is not empty, the routine returns to referen-
cision 906 determines whether the synchronizati- ce letter B which takes
more speech and con-           on (both bit and frame) from the mobile has
been tinm.es to transmit. If the buffer is empty. the routi-  received in
the present time slot. If sync has been ne returns to reference letter A of
Figure 8a which  65  received, the routine proceeds to step 908. which 7
13                                                   14 



resets a transmitter time-out-timer which may be     a voice signal at said
selected coding rate, V, to present to prevent the transmitter from
transmit-    provide said vo-coded signal, and means for ge- ting either
permanently or for prolonged periods.    nerating and preambling (402) a
data signal, The routine then proceeds to step 910, which re-     which
includes at least a signalization signal to ceives the TDM vo-coded data
from the particular  5  said v-coded signal; slot (or group of slots)
assgned by the repeater.       means for receiving (422) and buffering
(426) Step 912 retransmits or repeats the TDM data in      a vo-coded
signal from the communication chan- another time slot on either the same
frequency or    nel in accordance with said time division multiplex in the
same or d'fereent time slot on a second fre-  protocol during at least one
of said N time slots to quency depending upon which type of repeater is
10    provide a received signal, said receiving means employed. Following
the retransmission of step      (422) including means for synchronizing
(424) to 912, the routine returns to reference letter A.      at least a
portion of said synchronization signal, which again sends one burst of data
overhead         and means for processing (432) said received with the time
slot assignment and continues in       signal at a selected coding rate, V.
to synthesize this loop until there is no more vo-coded data to    15    a
received voice signal from the received signal; transmit.
and. Referring again to decision 906, if the decisi-    means for
intercoupling and controlling (402) on of step 906 is that the
synchronization was not   said transmitting means (414) and said receiving
received in the present time slot, the routine pro-  (422) means such that
the device (400) operates ceeds to decision 914, which determines whether
20    to retransmit said received signal received from at or not the
repeater transmitter is still keyed. The  least one of said N time slots on
a first com- repeater transmitter may not be keyed if the time-
munication channel in at least one of said N time out-timer has expired or
a dekey code has been      slots on a second communication channel.
received (if any such code is employed). If the de- termination of decision
914 is that the repeater is    25    2. The device of claim 1, wherein said
intercoup- still keyed, an alternating logical one and logical  ling and
controlling means (402) is characterized zero pattern are transmitted in
the first sub-slot in  by means operating to re-transmit said received step
916. Following step 916 the data over-head     signal received in at least
one of said N time slots and slot assignment are transmitted in each of
during at least one other time slot thereby provi- the sub-slots that form
the particular time slot    30    ding a single frequency repeater. used.
Since the data over-head will not fill a sub- slot, an alternating logical
one and logical zero    3. The device of claim 1 wherein the controlling
pattern is used to fill each sub-slot. Following step  means (402) is
characterized by means for con- 918 the routine returns to reference letter
A.      trolling and selectively intercoupling said transmit- which will
again send one burst of data overhead  35    ting means (414) and said
receiving means (422), with the time slot assignment to the mobile unit,
such that the device (400) operates in a first mo- and then to decision 906
to recheck it the re-       de to re-transmit said received signals
received in peater has properly received synchronization         at least
one of said N time slots during at least from the remote unit. If the
determination of de-    one other time slot, and operates in a second mo-
cision 914 is that the repeater is no longer keyed,    40    de to simulate
full-duplex on a single communica- the routine returns to reference letter
B. which     tion channel. again will await the key up code before the re-
peater is operational again.                         4. The device of any
one of claims 1 to 3 wherein said analyzing means is characterized by an
LPC 45    analyzer (420). Claims 5. The device of any one of claims 1 to 3
wherein 1. A transceiving device for a time division multi-  said analyzing
means is characterized by an SBC plex communication system (100) which
appor-         analyzer (420). tions narrow-band radio frequency communica-
50 tion channels (200) into at least two time slots for  6. The device of
any one of claims 1 to 5 wherein communicating vo-coded voice signals to
achieve     said processing means Is characterized by an a full-duplex
communication effect, the transcei-    LPC synthesizer (432). ving device
(400) being characterized by: means for transmitting (414) a vo-coded sig-
55    7. The device of any one of claims 1 to 5 wherein nal onto a
communication channel having a pre-       said processing means is
characterized by an determined maximum data rate, C, in accordance
SBC synthesizer (432). with a time division multiplex protocol defining N
time slots where N is a positive integer less than   9. The device of any
preceding claim, wherein or equal to C/V. where V comprises a selected  60
said transmitting means (414) and said receiving coding rate, said vo-coded
signal being tempora-     means (422) are characterized by means being rily
buffered (408) at a first rate and transmitted  constructed and arranged to
operate on land mo- (414) at a second rate exceeding 2V during at
bile communication channels spaced at 25 kHz least one of said N time
slots, said transmitting   intervals. means (414) including means for
analyzing (406)    65    13
14 resets a transmitter time-out-tinmerl  which may be   a voice signal at
said selected coding rate, V. to 



present to prevent the transmitter from transmit-    provide said vo-coded
signal, and means for ge- ting either permanently or for prolonged periods.
nerating and preambling (402) a data signal, The routine then proceeds to
step 910. which re-     which includes at least a signalization signal to
ceives the TDM vo-coded data from the particular  5  said vo-coded signal;
slot (or group of slots) assigned by the repeater.      means for receiving
(422) and buffering (426) Step 912 retransmits or repeats the TDM data in
a vo-coded signal from the communication chan- another time slot on either
the same frequency or    nel in accordance with said time division
multiplex in the same or d "arent time slot on a second fre-    protocol
during at least one of said N time slots to quency depending upon which
type of repeater is    10    provide a received signal, said receiving
means employed. Following the retransmission of step       (422) including
means for synchronizing (424) lo 912, the routine returns to reference
letter A,      at least a portion of said synchronization signal, which
again sends one burst of data overhead         and means for processing
(432) said received with the time slot assignment and continues in
signal at a selected coding rate, V, to synthesize this loop until there is
no more vo-coded data to    15    a received voice signal from the received
signal; transmit.                                            and, [err]
again to decision 906, if the decisi-    means for intercoupling and
controlling (402) on of step 906 is that the synchronization was not   said
transmitting means (414) and said receiving received in the present time
slot, the routine pro-  (422) means such that the device (400) operates
ceeds to decision 914, which determines whether    20    to retransmit said
received signal received from at or not the repeater transmitter is still
keyed. The  least one of said N time slots on a first com- repeater
transmitter may not be keyed if the time-   munication channel in at least
one of said N time out-timer has expired or a dekey code has been
slots on a second communication channel. received (if any such code is
employed). If the de- termination of decision 914 is that the repeater is
25    2. The device of claim 1, wherein said intercoup- still keyed, an
alternating logical one and logical  ling and controlling means (402) is
characterized zero pattern are transmitted in the first sub-slot in  by
means operating to re-transmit said received step 916. Following step 916
the data over-head      signal received in at least one of said N time
slots and slot assignment are transmitted in each of       during at least
one other time slot thereby provi- the sub-slots that form the particular
time slot    30    ding a single frequency repeater. used. Since the data
over-head will not fill a sub- slot, an alternating logical one and logical
zero    3. The device of claim 1 wherein the controlling pattern is used to
fill each sub-slot. Following step  means (402) is characterized by means
for con- 918 the routine returns to reference letter  A,        trolling
and selectively intercoupling said transmit- which will again send one
burst of data overhead  35    ting means (414) and said receiving means
(422). with the time slot assignment to the mobile unit,    such that the
device (400) operates in a first mo- and then to decision 906 to recheck if
the re-       de to re-transmit said received signals received in peater
has properly received synchronization         at least one of said N time
slots during at least from the remote unit. It the determination of de-
one other time slot, and operates in a second mo- cision 914 is that the
repeater is no longer keyed,    40    de to simulate full-duplex on a
single communica- the routine returns to reference letter B. which     tion
channel. again will await the key up code before the re- peater is
operational again.                         4. The device of any one of
claims 1 to 3 wherein said analyzing means is characterized by an LPC 45
analyzer (420). Claims 5. The device of any one of claims 1 to 3 wherein 1.
A transceiving device for a time division multi-  said analyzing means is
characterized by an SBC plex communication system (100) which appor-
analyzer (420). tions narrow-band radio frequency communica-    50 tion
channels (200) into at least two time slots for  6. The device of any one
of claims 1 to 5 wherein communicating vo-coded voice signals to achieve
said processing means is characterized by an a full-duplex communication
effect, the transcei-    LPC synthesizer (432). ving device (400) being
characterized by: means for transmitting (414) a vo-coded sig-    55  7.
The device of any one of claims 1 to 5 wherein nal onto a communication
channel having a pro-       said processing means is characterized by an
determined maximum data rate, C, in accordance       SBC synthesizer (432).
with a time division multiplex protocol defining N time slots where N is a
positive integer less than   9. The device of any preceding claim, wherein
or equal to CN, where V comprises a selected  60    said transmitting means
(414) and said receiving coding rate, said vo-coded signal being tempora-
means (422) are characterized by means being rily buffered (408) at a first
rate and transmitted  constructed and arranged to operate on land mo- (414)
at a second rate exceeding 2V during at        bile communication channels
spaced at 25 kHz least one of said N time slots, said transmitting
intervals. means (414) including means for analyzing (406)    65 8 *     C
L   M   S     *    15                                                   16 



- 9. The device of any preceding claim, wherein        kanal, der
entsprechend einer N Zeitintervalle the frequency of said selected coding
rate com-      festsetzenden Vorschrift im Zeitteilungs-Multiplex- ses 4.8
kHz.                                         betrieb einen vorgegebenen,
maximalen Daten- takt C aufweist. wobei N eine positive, ganze Zahl 10. The
device of any one of claims 1 to 9, whe-  5  kleiner oder gleich der GroBe
CN ist und V eine --rein the frequency of said selected coding rate
gewAhlta Codiergeschwindigkeit ist bzw. enthalt, comprises2.4 kHz.
und wobei das vocodierte Signal bei einer ersten Geschwindigkeit
voribergehend in einem Puffer 11. A method for efficiently utilizing the
spectrum  (408) aufgenommen und von dem Sender (414) of radio frequency
communication channels (200)    10    bei einer zweiten Geschwindigkeit
gesendet wird. used to communicate vo-coded voice signals in a      die
wahrend mindestens eines der N Zeitinter- time division multiplex
communication system       valle eine GreBe von 2V Dbersteigt. und der Sen-
(100) which apportions narrow-band radio fre-        der (414) eine
Vorrichtung (406) zum Analysieren quency communication channels (200) into
at le-      eines Sprechsignals bei der gewAhlten Co- ast two time slots
for communicating vo-coded  15    diergeschwindigkeit V. um das vocodierte
Signal voice signals to achieve a full-duplex communica-    vorzusehen, und
Vorrichtungen (402) zum Er- tion effect, each channel having a
predetermined     zeugen eines Datensignals und eines Vorlauf- maximum data
rate, C. the method being charac-       signals enthalt, das tOr das
vocodierte Signal min- terized by the steps of:
destens ein Synchronisiersignal aufweist, 20        durch Vorrichtngen
(422; 426) zum Empfang (a) analyzing the voice signals in a vo-coding
und Puffern eines aus dem Obertragungskanal means (406) for providing
vo-coded signals at     kommenden. vocodierten  Signals  wahrend a selected
coding data rate, V. and including     mindestens eines der N
Zeniintervalle gemal3 der means for preambling at least a synchronizati-
Vorschrift im Zeitteilungs-Multiplextrieb. urn sin on signal to said
vo-coded signal (402);   25     emplangenes Signal vorzusehen, wobei die
emp- 1angende Vorrichtung (422) Hilfsmittel (424) zum (b) establishing a
time division multiplex protocol  Synchronisieren mindestens eines
Abschnittes defining N time slots, where N is a positive in-  des
Synchronisiersignals und Hilfsmittel (432) zur teger less than or equal to
CN:                   Bearbeitung des empfangenen Signals mit einer 30
gewahhton Codiergeschwindigkeit V enthalt, um (c) buffering said vo-coded
signals (408) to provi-  so aus dem emplangenen Signal ein Sprechsig- de
buffered signals;                              nal kUnstlich aufzubauen,
und durch eine Vorrichtung (402) zum Zwischen- (d) transmitting said
buffered signals (414) at a    schalten und Steuem des Senders (414) und
der rate at least twice that of step (a). in at least    35  empfangenden
Vorrichtung (422) in der Weise, one of said N time slots;
daB der Sender-Empfanger (400) das Signal, das in mindestens einem der N
Zeiintervalle auf dem (e) receiving vo-coded signals in a receiving
ersten Obertragungskanal emptangen wird. in means (422) during at least one
of said N ti-     mindestens einem der N Zeitintervalle auf einem me slots
at the data rate of step (d) to provide  40  zweiten Obertragungskanal
wieder aussendet. received signals, including the step of synch- ronizing
said receiving means to said received    2. Gerat des Anspruches 1 mit
einer Vorrichtung signal (424);                                     (402)
zum Zwischenschalten und Steuern. ge- kennzeichnet durch Hilfsmittel zum
Wiederaus- ') buffering said received signals (426) to provi-    45  senden
des empfangenen Signals, das in min- de buffered received signals; and.
destens einem der N Zeitintervalle empfangen wird, wahrend eines anderen
Zeinintervalls. wo- (g) synthesizing recovered voice signals from
durch ein einzelner Frequenzubertrager entsteht. said buffered received
signals in a synt- hesizing means (432) at the data rate of step  50  3.
Gerat des Anspruches 1 mit einer Vorrichlung (a).
(402 ) zur Steuerung, dadurch gekennzeichnet. daS der Sender (414) und die
empfangende Vor- richtung (422) wahlweise derart geschahet wer-
Patentanspruche                                      den, dal der
Sender-Empfanger (400) bei seiner 55     ersten Arbeitsweise die
empfangenen Signale. 1. Sender-Empfanger fur ein im Zeitteilungs-Mul-
die in mindestons einem der N Zeitintervalle emp- tiplexbetrieb arbeitendes
Nachrichten-Ubertra-       fangen werden, wahrend mindestons eines ande-
gungssystem (100), das Funkfrequenz-Ubertra-         ren Zeitintervalls
wieder ausgesendel werden, gungskanale (200) in sinem engen Band auf min-
und bei seiner zweiten Arbeitsweise aut einem destens zwei Zeitintervalle
zum Obertragen voco-    60  sinzelnen Obertragungskanal einen vollstandigen
dierter Sprachsignale gleichmi1ig vertoilt, um ei-   Duplexbetrieb
nachahmt. ne vollstandige Duplexverbindung zu erreichen,       4. Gernt
einos der Anspriche 1 bis 3. bei dem gekennzeichnet:
die Vorrichtung zum Analysieren durch einen durch eine Vorrichtung (414)
zum Senden ei-       LPC-Analysator (420) gekennzeichnet ist. nes
vocodierten Signals auf einem Obenragungs-    65  5. Gerat eines der
Anspruche 1 bis 3. bei dem I 1111111 111111 1111 11 111111 *   C   L  M   S
*    



EP 0 261 127 B1 17                                             18 die
Vorrichtung zum Analysieren durch einen           empfangenden Vorrichtung
(422) wahrend SBC-Analysator (420) gekennzeichnet ist.
mindestens einer der N Zeitintervalle zu emp- fangen, um empfangene Signale
vorzusehen 6. Goret eines der Anspruche 1 bis 5, bei dem        und sie in
der empfangenden Vorrichtung die Hilfsmittel zur Bearbeitung durch einen
LPC-  5   (424) auf das empfangens Signal zu synch- Synthesizer (432)
gekennzeichnet sind.                ronisieren, 7. Gerat eines der
AnsprOche 1 bis 5, bei dem      (f) die empfangenen Signale in dem Puffer
(426) die Hilfsmittel zur Bearbeitung durch einen SBC-      zu puffern, um
gepufferts. empfangene Signa- Synthesizer (432) gekenn. eichnet sind.
10       Ie vorzusehen, und 8. Gerat eines vorhorgehenden Anspruches, bei
(g) in einem Synthesizer (432) aus den gepuffer- dem der Sender (414) und
die empfangende Vor-         ten, empfangenen Signalen wiedergewonne-
richtung (422) derart konstruiert und angeordnet      ne Sprechsignale bei
dem Datentakt des Ar- sind, daB ein Betrieb auf Landfahrzeugen mit    15
beilsschrittes (a) kiinstlich zusammenzustel- ObertragungskanAlen
durchfuhrbar ist, die in In-      len. tervallen von 25 kHz getronnt sind.
9. Gerat eines beliebigen vorhergehenden An-       Revendicatlons spruches,
bei dem die Frequenz bei der gowahl-    20 ten Codiergeschwindigkoit 4,8
kHz ist oder ent-     1. Un dispositif 6metteur/recepteur pour un sy- halt.
stbme de communication en multiplex temporol (100) qui divise des canaux de
communication ra- 10. Gerat eines der Anspruche 1 bis 9, bei dem
diofrequence & bande 6troite (200) en au moins die Frequenz bei der
gewAhiten Codiergeschwin-    25    deux craneaux tomporels. pour la
transmission digkoit 2.4 kHz ist odor enthilt.                  de signaux
vocaux r6suitant d'un codage vocal, dans le but d'obtenir un off et de
communication 11. Vertahron zur wirkungsvollen Ausnutzung        en duplex
integral, le dispositif 6meteur/r6cep- des Spektrums von
Funkfrequenz-Obertragungs-       tour (400) 6tant caracteris6 par: kanalen
(200) zur Ubermittlung von vocodierten    30  des moyens pour omettre (414)
un signal r6- Sprechsignalen in einem im Zeitteilungs-Multi-     sultant
d'un codage vocal sur un canal de plexbetrieb  arboilenden
Nachrichten-Obertra-      communication ayant un d6bit de donn6es maxi-
gungssystem   (100).  das   Funkfrequenz-           mal predetermin6. C.
conform6ment a un proto- IUbertragungskandle (200) in einom engen Band
cole de multiplex temporel d6finissant N cr6neaux auf mindestens zwei
Zehtintervalle zum Obentra-    35    tomporels, en d6signant par N un
entier positit in- gon von vocodierten Sprechsignalon gleichmaBig
f6riour ou 6gal & CN, V repr6sentant une caden- verteilt, um sine
vollstandige Duplex-Obertra-      ce de codage s6lectionn6e, Is signal
r6sultant du gungswirkung zu erreichen. wobei jeder Kanal ei-   codage
vocal 6tant temporairement enregistr6 en non vorgegebenon, maximalen
Datentakt C auf-       tampon (408) A une premiere cadence, et 6mis weist.
gekennzeichnot durch die Arbeitsschritte:  40    (414) a une seconds
cadence sup6rieure a 2V. pendant run au moins des N cr6neaux temporels, (a)
die Sprechsignale in einem Vocoder (406) zu     les moyens d6mission (414)
comprenant des analysioren, um vocodierte Signals bei einer     moyens
destin~s a analyser (406) un signal vocal gigowahiten
Codiergeschwindigkeilt V vorzu-      a la cadence de codage s6lectionn6e,
V. pour sehon, und mindestens sin Synchronisiorsig-    45    foumir le
signal r6sultant du codage vocal, at des nal durch eine Vorrichtung (402)
dom voco-       moyens (402) pour produire un signal de don- dierten Signal
voranzustellon,                   n6es, qui comprend au moins un signal de
synch- ronisation, at pour fannexer, sous la forms d'un (b) sine Vorschrift
tiur den Zeitteilungs-Multiplex-  pr6ambule, au signal r6sultant du codage
vocal; betrieb mit N Zeitintervallon aufzustellon, wo-    50  des moyens
pour recevoir (422) et enregistrer bei N eine positive, ganze Zahl klainer
als      en tampon (426) un signal r6sukant du codage odor gleich CN ist,
vocal, provenant du canal de communication, conform6ment au protocole de
multiplex tempo- (c) die vocodierten Signale in einem Puffer (408)   rel,
pendant run au moins des N cr6neaux tem- zu puffern, um  gepufferte Signale
vor-    55    porels, pour produire un signal requ, ces moyens zusehon,
de r6ception (422) comprenant des moyens pour assurer la synchronisation
(424) sur au moins (d) die gepufferten Signale in mindestens einem     une
partie du signal de synchronisation, et des der N Zeitintervalle von einem
Sender (414)      moyens pour trailer (432) le signal requ A une ca- mit
einer Geschwindigkeit auszusenden, die    60    dance de codage
s6loctionn6e, V. ain de synthe- mindestens das doppelte von der des Ar-
tiser un signal vocal requ a partir du signal requ; beitsschrittes (a) ist,
et des moyons pour interconnecter st comman- (e) die vocodierten Signale
bei der Datonge-        der (402) les moyens d'6mission (414) et lhs mo-
schwindigkeit des Arbeitsschrittes (d) in oiner    65    yens de r6ception
(422), de tagon quo le dispositif    EP 0 261 127 B1 19
20 (400) r66meote dans lun au moins des N cr6ne-      correspondant a la
cadence de codage selection- 



aux temporels sur un second canal de com-           n~e est de 2.4 kHz.
munication. le signal recu dar.s run au moins des N creneaux 2emporels sur
un premier canal de        11. Un proc6d6 pour uliliser efkicacement Is
communication.                               5      spectre de canaux de
communication radiolr6- quence (200) qui sont utilis6s pour transmettre 2.
Le dispositif de la revendication 1, dans loquel  des signaux vocaux
r6sultant d'un codago vocal, les moyens d'interconnexion at de commande
dans un systbme de communication en multiplex (402) sont caract6risC. par
des moyens qui r6e-    temporel (100) qui divise des canaux de comm-
mettent pendant au moins un autre cr6neau tem-    10    unication
radiofr6quence & bande etroite (200) en porel lo signal qui est roqu dans
l'un au moins     au moins doux cr6neaux tomporels, pour la trans- des N
cr6neaux tomporels, ce qui procure un r6-     mission de signaux vocaux
r6sultant d'un codage peteur monoir6quence.
vocal, de fagon 3 obtenir un effet de communi- cation on duplex integral.
chaque canal ayant un 3. Le dispositit de la revendication 1. dans lequel
15    debit de donn6es maximal pr6d6termin6, C, le I-c moyqns de cornmande
(402) sont caracdbri-      proced6 etant caract6ris6 par les operations
sui- b.. par aes moyens destin6s a commander et a       vantes:
interconnecter selectivement lhs moyens d'6mis- sion (414) et les moyens de
r6ception (422). de     (a) on analyse les signaux vocaux dans des mo-
fagon quo dans un premier mode le dispostif    20     yens de codage vocal
(406). pour fournir des (400) r6bmette pendant au moins un autre cre-
signaux resultant du codage vocal, a uno ca- neau temporel les signaux qui
sont reous dans         dence de donnees de codage s6lectionn6e, Iun au
moins des N cr6neaux temporels. et dans        V. ces moyens de codage
comprenant des un second mode le disposhif simule un fonction-       moyens
destin6s a annexer au signal r6sul- nemenl on duplex int6gral sur un soul
canal de    25  tant du codage vocal (402) un pr6ambulo qui communication.
comprend au moins un signal de synch- ronisation; 4. Le dispositif solon
rune quelconque des re- vendications 1 & 3, dans loquel les moyens d'an-
(b) on btabl-n un protocols de multiplex temporel alyse sont caract6ris6s
par Is fah qu'ils comp-    30  definissant N creneaux temporels, en d6si-
rennent un analyseur a codage predictif lin6aire      gnant par N un entier
positif inf6rieur ou 6gal (420).
a CN; S. Le dispositif solon rune quelconque des re-     (c) on enregistre
en tampon les signaux r6sultant vendications 1 a 3, dans loquel les moyens
d'an-    35  du codage vocal (408) pour obtenir des sig- alyse sont
caracterisbs par le lait qu'ils comp-      naux enregistrbs en tampon;
ronnent un analyseur a codage on sous-bandes (420).
(d) on 6mot los signaux enregistr6s on tampon (414), a une cadence au moins
6gale au 6. Le disposilif selon rune quelconque des re-    40  double de
cello de 'operation (a), dans run au vendications 1 a 5. dans lequel les
moyens des         moins des N creneaux temporels; traitomsnt sont
caracterisbs par le tait qu'ils comprennent un synth6tiseur a codage
pr6dictif     (o) on regoit les signaux r6sultant du codage vo- lin6aire
(432).                                       cal. dans des moyens de
receplion (422), 45       pendant run au moins des N creneaux tempo- 7. Le
dispositif selon runs quelconque des re-        rels, h la cadence de
donn6es de l'opbration vendications 1 h 5, dans loquel les moyens de
(d). pour produire des signaux reous, cette traitement sont caract6ris6s
par le lait qu'ils        operation compronant rop6ration qui consists
comprennent un synth6liseur a codage en sous-          a synchroniser les
moyens de rbception sur le bandes (432).                                50
signal requ (424); 8. Le dispositif solon rune quelconque des re-     (f)
on enregistre on tampon les signaux regus vendications prec6dentos, dans
loquel les moy-        (426). pour obtenir des signaux requs enre- ens
d'6mission (414) et les moyens de r6ception       gistres en tampon; et
(422) sont caracterises par des moyens qui sont    55 r6alis6s et mis en
oeuvre pour travailler sur des   (g) on synth6tise des signaux vocaux
recons- canaux de communications mobiles terrestres            titu6s. &
partir des signaux rous onregistr6s espac~s a des intervalles de 25 kHz.
en tampon, dans des moyens de synthbse 9. Le disposhif solon rune
quelconque des re-         (432). a la cadence de donn6as de l'op6ration
vendications pr6c6dentes. dans lequel la 1r6-    60    (a). quence
correspondant A la cadence de codage selectionnbe est de 4.8 kE-z. 10. Le
dispositil salon rune quelconque des re- vendications 1 a 9, dans loquel la
frequence    65         *    C   L    M     S    *    


