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and the rate of transmission. Thus, & different filter must he
provided for each type or modulator implemented. Similar digital
techniques may be used for both multifrequency {MF) and differential
phase shift keyed (DPSK) modulation,

| A modulation technique similar to that {Vlustrated in Fig. 1
is utilized in the time shared multiline FSK modulator disclosed in
U.5. Patent 3,697,892 to Lawrence et a} which provides a specific
type of F5K modulation for a set of Vines. The multiline time-
sharad modulator, howaver, requires separate digital to analoyg con-
verters for each line and & band pass filter for sach line capable
of eliminating undesired ocut of band freaguency components genevrated
in the modulation process. Because of these requirements, the

muitiline modulator i3 incapable of handling a wide varieily of

modulation technigues which may be used for any of the output lines,

This 15 so because of the specific requirements for the individual
output line band pass filters. In the patented device, each out-
put Yine must, of necessity, be timited to one type of modulation.
i it is desired to change the modulation characteristics for a
given line, it becomes necessary to alter the characteristics of
the connected band pass filter. This regquirement severeiy 1imits
the usefuiness of the multiline modulator since the Tines cannot

be dynamically allocated to different modulation technigues.
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1 Description of the Preferred Imbodiment

Fig. 1 described in detail above 1lluatrates the

appllication of digital tone synthesis techniques in an

FSK modulator. A digital value of phase 8{(t) 1s accumulated

and updated each processing cycles determined by fs where

f8 is the sampling rate of the resulting modulated digital

line signal. The amount by which the phase is incremented

gach sample tlme, 48, determines the slope of 8(%) and hence

the instantaneous frequency of the sine wave generated.

10 For binary F3K, one of two values of phase Increment 460 and

481 are selected depending on the data which is to
be transmitted. The frequency of the sine wave being
enerated is directly proportional to the value of Aé,

8{t} are both digital signals and the accumulation is

A¢ and

performed with conventional arithmetic components. The

digital phase signal is scaled such that arithmetic overflow

of the accumulator or buffer 18 corresponds to the normal

modulc 360° property of the trignometric sine function

°

The digital representatlion of phase 8t is translated to

20 a digital representation of sin of) by means of the read only

memory 1%. The resulting digital ampliitude signal is converted

to analog by conventional digital to analog conversion
and subseguent anslog filvering. The gquantizing nolse

resulting from the conversion from digltal teo analog is

technigues

2

removed by the analog filtering along with cother unwanted

freqguency compenents introduced by the modulating
technigue.

. In the FSK modulator illustrated in Fig. 1, as we
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as in other conventionsl FSK modulators implemented with

2 elther analog or digltal cirecuits, the instantaneous frequency
3 of the transmitted signal is abruptly swlitched between two

i values in the course of being modulated by the input data

5 signal. The abrupt trénsition in frequency causes an incresase

6 in the bvandwidth of the transmitted signal over that actually

7 required to communicate the data by the FM modulation

8 process., When FSK data transmission over telephone channels

G is required, 1t 1s necessary to reduce the excessive bandwidtih
10 generated in two significant application areas. One in high
11 speed FSK, 1200 to 1800 bits per second transmission, bandwidih
i2 reduction 18 necessary to comply with ocut of band signal

13 regulations Imposed by various regulatory agencies and

14 two 1n‘fu11 duplex transmission using a single physical

15 channel, the recelved signal can, in many instances, be

16 slgnificantly smaller in amplitude than the local transmitted

17 signal and the twe frequency bands occupled by the two signals
18 may be reiatively ¢lose, This reguires that the bandwidth of

18 the fransmlitted signal be sharply reduced in order to prevent

2¢ interference with the received signal.

21 Classically, FSK bandwidth reduction has been attained

22 through band pass filtering of the transmitted signal. Some

23  medulators have used premodulation filtering of the data signal;
ol however, this approach has had limited application since it

25 regulres a linear FM modulator. Eilther of the above approsaches
26 for reducing unwanted signals introduced in the modulation process
27 has a drawback in a digital implementation of the modulator since
28 the arithmetic‘requirements of a digital filter greatly increase
29 . the functional complexity of the unit. For this reasdﬁa some

10 digltal modulators havé'used rather complex analog {ilters in

31 thelr implementation.
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1 A signii‘icant reduction in bandwidth can be achieved by
2 eliminating the abrupt frequency transitions normally present
3 in FSK modulation of binary data. This can be done by having
4 the instantaneous frequency make a smooth or continuocus
5 transition in changing from one value to ancther. This
6 is pointed out by Bettinger in "Digital Transmission for
7 Mobile Radio", Electrical Communications, Vol. A7, No. b,
B 1972 at page 225, Such an approach has been implemented
9 by the use of a premodulation filter, as noted earller,
’ 10 or by the application of a control signal or volbage te
11 g linear modulator. This approach while preducing a

iz desirable result is not Clexdble in many uses and limits

! 13 ¢he utility of the modulator to a single baud rate and set

v 14 or frequencies.

é In a digital F3X modulator comstructed according to the
A inventicon, a smooth transition in frequency is accomplished
17 by storing in memory digital values whilch reprasent a

ﬁ 18 predetermined trajectory for the instantaneous frequency to

18 follow and selecting these values based on the interbaud
20 time or time since the last data transition. Such an approach
21

is viable only in & digital FSX modulator where the phase
22 and rate of phase change can be acourately specified.

B " 23 The trajectory followed as the frequency is slewed from

‘] ' 28 gne value to another is selected to minimize the bandwidth

25 of the modulated silgnal. Both the shape and the number

26 o {ntermediate points in the trajesctory, per bli time,

4 = are important parameters in this regard. Analysis and

28 experiment has shown that a siﬁusoidal trajectory with .
29  eight points specified in time over the data bit give the

3 hest performance in terms of minimum fransmit signal
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et

vandwldth and minimum loss in receiver detectabllity.

2%

This does not, however, 1mply that an elight polnt sine

a2

wave trajectory 1ls optimum in general. When thils technique

b is implemented az shown in the modulator illustrated in

5 Fig. 2, out of band signaling 1s reduced to ths polint vhere
6 oubtput filtering is no longer required and the sc¢le filtering
7 requirement 1s that necessitated by the digital modulation

8 technique employved, that 1s, the removal of the gquantizing
9 noise. This may be accomplished by a simple RC f£ilter.
10 The modulator 1llustrated in Fig. 2 is capablé of
11 providing the FSK modulation for a single line of a number
12 of different types or fregquencies of FSK modulation. It
13 requires‘binary input data and a line control word signal
B! 14 which in the 1llustrated embodiment 1s a single line
E 15  designating elther one type of FSK modulator or ancther.
16 If the one type l1s designated, the line will be at a voltage
17 level indicating the binary 0 and if the other type is indleated, e

18 the line veoltage will be at a volfage indicating a binary 1.

19 This, of course, could be expanded by providing additional

20 lines for designating the line control word., In addition,

21 the c¢lock generator 30 coperating at a frequency fs provides

22 two ¢lock phase signals 01 and C2. These are illusirated

23 graphically in the figure and are 180° out of phase with each

24 other, The_data signals, the line control word and the two

25 clock signals are applied to an address generator 31. The

26 address generator 31 also recelves signals from three conductors
27 324, 32ZB and 320} These 3 conductors represent the fthree high

}é 28 order bits from a buffer reglster 32, the function of which will
29. be described later on. Based on the inputs described‘ébove,

30 address generator 31 loglecally deriveg an address which 1s
RA9-TU~002 e
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i applied to a read only memory 33 to sccess during one-half E !
2 of the clock cycle s, a value Ar and during the other half
3 of the ¢lock period fs, the value A8z,
4 The contents of memory 33 are set out in the table of
5 Fig. 3. This table is divided into two zectlions. It shows
& memory address 1 - 149 which are assoclated with line control
7 word O for one type of FSK modulator and memory addresses J -
8 349 which are asscciated with line control word 1, another
g type of FS8K modulator. Obvicusly, 1f adddtional types of FSK
16  modulators are to be implemented, additional sections of memory
11 would be necegsary as well as additional lines for the line
J 12 control word to distinguish the various FSK modulators being
i 13 implemented. The conditions of the selection signals ars
i 14 indicated in the righthand columns of the tables underneat
% 15 the headings "Line Control Word, Bata, r, ¢l and ¢2. During
% 16 the {irst half of the cleck cycle fs, that 1z, when cl énﬁ c2
é 17 are 1, 0 respectively, the contents of addresses i and i+l ov
é 18 J and j+1bdepending on the line control word, will be selected
19 if the three hipgh order bits from buffer 32 are all zeross
l 20 or all ones and the data bit is € or 1, respectively, the
21 contents from address 141 or j+1, namely, a8ll zeroes will
22 be provided at the ocutput of thé read only memory durlng
) 23 that particular s clock cycle. If the contents of the three
; 24 high order blis and the data bits are any other value, the
ﬁ 25 contents cf gddress 1 or J depending on the line control
{ 26  word will be selscted. In this case, this value is an inérement
i 27 dividing the bit'period ¢ into eight different values to
28 provide as shown Iin Fig. 24, eight different values of
29 . 46 over a single bit period for causing the frequency.éf
30 the ocutput ¢f the modulator to change values smoothly or
i
: RAG~74-002 -9-
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1 sinusoldally as discussed above. For example, 1f the sampling
2 frequency s of 18,000 eyeles per sécond is selected, this
3 would yield 30 samples per bit for a 600 bit per second line.
4 Thus, a value of 120 for /8 will provide elght substantlally
5 egual steps 1f the three high order bits of a 12 bit
8 position register are examined. Therefore, the numerical
7 vaiue 120 will be stored in bilnary form Iln memory address 1
8 to implement a FSK modulation for a 600 bit per sscond data
g rate. During the filrst half of each cycle fs, this value
10 under the conditions described above, that is, data not
11 zero ang the three high order bits from buffer 32 not all
i2 zerc or data not cone and the three high order bits from buffer : ..
13 32 not all ones, will be added or subtracted to modify the
14 contents of regilster 36. How this is accomplished will becomse
15 apparent as the description of the circuit shown 1in Flg. 2
16 continues.
17 During the second half ¢yele of clock fs, that is,. CL{0)}
18 and C2(1}, the values A8l through 488 residing in address
1¢  locations 1+2 through 1+9 will be added in & manner simllar
20 to that illustrated in Flg. 1 and described below to thus
21 generate the actual output frequencles from the modulator.
32 The form of the valuss 481 through 48 is 1llustrated
23 in the graph shown in Fig. 2A. These values are sslected
2y to provide a smcoth transition from the cﬁe freguency to
25 the other.
26 The contents, under the conditions described above, from
27 . read only memory 33 are applied to one input of an adder cilreult
28 34, The ocutput of the adder circult is selectively applied
2g  under control of clock 30 and a read write memory control clreuit
. 30 ' 35 to one of two registers 36 and 37. During the firsé half
RAG=TH=002 =10- -
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1 of the clock pericd fs, the output of adder circuit 34 is

2 inserted in register 36 under control of read write memory

3 gontrol cireult 35 and during the second half of the clock

4 £s5, the output of adder circult 34 is inserted in register 37.

5 Likewlse, the contents of register 36 are added in adder 34

6 during the first halfl of the clock eyele from clock 30 with

7 the output of read only memory 33 and during the second half

8 cycle of clock 30, the contents of register 37 are added in

5  gaader 34 with the output from rs2ad only memory 33. The addition
10 and readback occur under control of read write menmory control
il circult 3% at different portions of the cubtput from cleock
iz circuit 30. Thus, during the first portion of each of the
4 ciock cycles, the contents of the registers 36 and 37 are
¥ agded to the cutput of memory 33 by adder 34. After the addition
15 takes place the sum of this addition is inserted into the |
16 registers 36 and 37. . Read write memory control circult 35 may
37 take many forms a8 1s well known In the prior art for controlling
18 reading into and out of memory devices and 1s not shown in

1% greater detall here since 1t is well known in the prilor art.
20 The contents of reglster 36 under contrcl of the clock 30

21 Cl output arve transferred to buffer 32 and the three high order
22 bits of this register which may, for example, contain 12 bit
23 positions are applied via conductors 324, 32B and 320 to the
24 address generator 31 and are used as described above for
25 generating the address within read only memory 33 of the
26 data which must be applied during each clock oycle to
27 adder 34.
28 An adder control circuit 38 responds to the output of
28 clock 30 and the data input to contrcl the function of‘adder
30 34; that is, whether an addltion or subfraction takes place.

31 During the first half of the clock period of cliock 30, an
RAG~T§002 wl L
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1 addition or subtraction will %take place depending upon the
2 direction of change of the data. If the data changes from
3 a2 1 value to a 0 value, the conbtents of register 36 must be
1 decremented and 1if the data changes ffom a 0 toa 1, the
5 contents of register 36 must be incremented. Adder control
g 38 includes an ARD circuit 39 having one input connected to
7 the data line and another input connected to the Cl cubtput
8 of the clock 30. The output of AND clrcuit 39 is connected
g via an OR circult 40 to a control input of adder 34. When the
10 data iz 1 and during thevfirst half of the clock period
11 of slock 30, AND circuit 39 provides an output via
12 OR circuit 40 which causes the adder to inerement or add.
13  wWhen the déta is zero, the outputrcf AND gmats 39 is down
14 and this signal level causes adder circuit 34 to decrement.
) i5 The specific implementation of this control is .well known in
16 the art and 1s nbt further described here. During the second
17 half of clock 30, the C2 output is connected via OR circult 40
18 to the control input of adder 34 and causes the addsr to
1% increment during this second half of the clock period, Buffer
20 32 is loaded under control of the Cl ocutput of clock 30, thus,
2l after the contents of reglster 36 have been modified as
22 described above, the new value caleulated 13 loaded into
23 buffer 32 where it will be availlable for the next cyele of
| 24 clock SGvduring the naxt sampling period.
i& 25 The cutput of adder 34 iz applied to a ¢ to sine 8
}l 26 conversion circuit X1 which may be s read only memory lcaded with
| 2T precomputed values of sine @ to perform the conversion.
28 Such devices afa well known in the priocr art and readily
23  available and are illustrated throughout this specificéticn
30 in biock form only. The output of & to sine 8 converter U1
31 is applied to a register U2, Register 42 is strobed under
RAG-~TH-002 ‘ -
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1 control of the §2 clock frcm'clock generator clireult 30 and the
2 contents applled at that time to a conventional digltal to

3 . agalog converter 43, The output of digital to analog

4 converter 43 pulses a simple RC filter 4 which 1s deaigned

5 solely to remove the quantizing nolse introduced By modulation
6 process. It is obvious frcm'the akove description that the

7 modulator may be changed from any group of freguencies to some
8 other group of frequencles simply by changlng the line control
g word and storing the appropriate values for that group in the
10 read only memory 33 since the filter 44 is the same for
11 all values, i1t need not be changed or switchable.
12 The basic processing time in Fig. 2 1s divided into

13 t%e parts, €1 and €2. During €l time, & running accumulation
14 of bit time is caleulated. During C2 time, a phase accumulation
15 is caleulated as is done in the conventional digital modulator
16 1llustrated in Fig. 1, with the.exception that the values of
17 48 are selected from memory on the basis of the bit €ime

1 Tfrom register 32. If a dats transition occurs, during.

19 21 time, numerical value which at the sampling rate will

20 provide eight substantially equal detectably different outputs
21 from register 32 is selected from the 41 memory and

22  added or subtracted depending on the data input. The

23‘ baud time accumulation 1s made sharing the same adder 34 as

ok is used for the phase accumulatlon. The digitsl value of

25 baud time 1s prevented from underunning, that is, going

26 below fhe all zerc state when &+ls subtracted or overrunning,
27 that is, going above fhe all one state when Ar is added.

28 This 1s accomplished by the all zero condition storsd in

2¢  memory location 4i+1 or J+i since adding or subtracting'QII

30‘ zerces to any number does not change it. This memory
RAS=-THU=002 ' ' =313~
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1 address is selected on the basis of the conditions shown e

2 in the table of Fig. 3, namely, data 1 and vall one or data 0 and

3 v all zsro. In bobth of these conditions, an under or over
i run eould occur. Therefore, the zero value is added to the
5 value of v contalned in register 36 during esach processing
& gcycle. With this control, the baud time value changes from
7 an all zero state to an all one state in elight egual stepsv
8

spanning the complete bit time when the data changes from

fYeo)

a 9 to a 1. Thereafter, the baud time remains at the all

10 one state until the data changes back to zerc. Ab which

11 time, At is subtracied and ¢ is permitted to increment

12 to the all zero state.

13 At the end of Cl time, the highest three bilts of =

14 are transferred to register 32 and used to address the A8

15 memery during €2 time. The thres highest bits of ¢ ‘select
16 one of the 8 values of 48 to be accumulated as v traverses
1?.‘ from cne data state to the other. As Indlcated in Fig. 24,
18 the valueé of 46 addresssed by 1t produce a smooth or

18 sinusoidal trajectory in the instantaneous frequency of the
20 transm tted signal. Thevphase accumulation, phase to sine

21 conversion, and digital to analog conversion are performed in
22  the same manner as for the conventional modulator illustrated
23 in Fig. 1.

24 Fig. 4 is a schematle diagram of a differential phase shift
25 weyved modulator compatible in implementation with the FSK modulator
26 desceribed above with respect to Fig. 2. The implementation
27 in Fig. 4 prcvidés a narrow band modulation in which the

28 generated transmit signal spectra are sufficlently narrow

2% . as net to require subsequent {filtering for trangmission

30 over telephone lines or similar transmission media. The
RAO~TH~002 w1l
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1 only requlrement belng a simple RC filter to remove the
2 quantizing nolse assoclated with the digital generation of
the signals and conversion to analog form.

The implementation of the DPSK modulator illustrated in
Fig, 4 is structurally similar to the PSX modulator illustrated
in Flg. 2. 3ince the two modulation techniques are compatible
with each other, the major differences are in the nature

of the signals stored in the read only memory. In view of

wooe ~N o U W

this similarity, the reference numerals used in Flg. 2 will

10 be used in part in connection with the description of this

11 figure. In the DPSK modulator, the clock 30-1 operating at

12 - a sampling frequency I's provides {ive outputs during each sampling
13 time. These outputs are illustrated graphically in the figure.
14 The {irst output €1l occurs during the first guarter of the

15 pericd of elock 306. The second output €2 cccurs during the

16 second guarter, the third ocutput C3 occcurs during the third

17 guarter and the fourth and £ifth outputs occur during the

18 fourth quarter. The fourth output CU occupying the first

1% balf of the fourth quarter and the fifth ocutput, 05, occcupying

} 20 the last halfl of the fourth quarter. The clock outputs Cl-C5

| 2l - are applied to the address generator 31-1 along with the.

22 three higﬁ order bits from the v buffer 32-1. The line control
23 word and one of the two simultaneously provided data bits for

24 a four phase DPSK modulation. The modulation contemplated in

25 this modulator is a conventional four~phase DPSK modulation

; 26 in which two bitg of a binary digital signal are simultaneously
; 27 encoded. The first bit DO defining the sign of the differential
28 phase change and the second bit D1 defining the magnitude of the
28 ' pghange. In this modulator, the magnitude bit is applied to

30 address generator 31 for selecting along with the other inputs

RAG~74-002 15

Rembrandt Wireless
i Ex. 2012 '
'mApﬁIe W%M@W@MMZ@ -00033™
. Page 2028 '

IPR2020 00036 Page 02028

DEFD000882



e L e

e

the appropriate address within the memory 33-1.

2 The outpub of address generator 3l-1 selects an addrass

L3

during each of the five processing cycles of clock periocd 30-1

I and reads the data stored in that address from the read only

S memory 33-1. Thils data is applled to one Input of an adder

6  34~1. Two feedback register 36-1 and 37-1 similar to the

7  registers 36 and 37 of Fig. 2 are connected from the sutput of

8  the adder 34~1 to the other inpub of the adder 34-1 and selectively
2

entered thereln by the clock signals from clock generator
10 30~1 which are applied to a read write control circuit 35-1.
11 The contents of register 36-1 are applied to adder 34-1 during

12 cloek time €l and added to the contents supplied from read only

i3 memory 33-~1 then relnsertad into register 36-1. At the end of
14 this clock period, the conibents of register 36-1 are alaso

15 inserted into buffer 32~1 and are used as previously described
16 for generating the address in address generator 3141 along

37  with the other inputs applied thereto. How these particular
18 dpputs aeéess apecific data in the memory will be described

i%  later in connection with the description of Fig. 5 which

20  dinecludes a table of the memory and the selection signals.

21 During the secgond clock period; €2, the contents of register

22 37~1 are added to the data supplied from read only memory

23  33-1 and then reinserted in the reglster 37-1. This step

24 iz repsated during the third clock perlod £3. During clock
25 period C3, the adder 3i~1 will either add or subtract

26 depending upon the sign of the DO data bit applled to

27  the adder ccntroi cireuit 38-1. If the sign bit is negative,

28  adder control circuit 38-1 will provide an appropriate oignal

29. to adder 34-1 causing a subtractlon to take place. If the
38 sign bit is positive, an addition will take place. The
RAG=-TH=002 16
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arrangement of adder control cirecuit 38-1 will be desecribed below.

During the fourth clock period C8, the contents

AU

of register 37-1 are added to the signal supplled by the read

4l

only memory 33-1, passed through ¢ to sin 6 conversion

vead only memory 41-1 and inserted in a buffer 45 which is
under control of a read-write and clear control circult b6,
Cireult 85 responds to clock pulses €8, €% and ¢1. During

cloek pulse C4 the oubpub from ¢ to sin # converslon circult

W o ~3 Gy U o

§1.1 is inserted into buffer 45. The econtents of register

10 37~1 are not altered at this time. That is, the summation during
11 the fourth clock perilod C4 does not alter the contents of buffer
12 37~1, This is effected by read/write control cireult 35-1 in

13 response to the C4 clock pulse. During the fifth cloeck pulse C5,
14 the signals supplied from read only memory 33-1 are subtracted

15 from the contents of register 37-1 under control of cirecuilt 38-1.
16 The output of adder 34-1 is passed through 2 to sin 8 conversion
17 circuit 41-1 and applied to one input of an adder 47. The

18 other input of adder 47 is connected to buffer 45 which during
18 clo&k time C5 is read into the other input of adder 47 under

20 control of read/wrlite and clear circuit 46. The ocubput of

21 adder 47 1s inserted in register #2-1 which at the tralling

22 edge of clock time C5 is applied to a digital to analog

23 converter 43-1 which has 1ts output connected to filter U44-1,
24 Adder eontrol circult 38-1 is provided with an OR gate 48
25 naving two inputs connected to the ClL and €2 outputs of eclogk
26 generator 30-1. The ocutput of OR gate 48 is connected to one

27 input of another OR gate 49 which has 1ts output connected

28 to the control input of adder 3i-1, When this cutput 15 in a
29 - 1 si:ate3 that 4s when either clock pulse C1 or €2 are present,
30 adder 34-1 will add the contents applled at its two inputs.
RAG~TU=~002 =17
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T Hhen the output of OR circuit 49 is 0, the contents applied to the tws

fnputs will be subtracted. An AND gate 50 has ome input connected to the
DG data bit line said a second input connected to the C3 clock ouiput of
clock generator 30-1. then the data bit DO is 1, during clock period €3,
AND gate 50 provides am output which is applied via DR ¢ircult 49 to cause
adder 34-1 ¢o assume the adding wode, {f the data bit is O indicating the
negative sign, the adder will be cantr@i?eé o perform a subtraction., A
third input to OR circult 49 is connected to the €4 output of clock gengr-
stor 30-1 and causes an addition ¢o occcur during the 4 clock time. Sume
10 marizing adder 34-1 under control of adder control circult 38-1 performs
an addition during C1, €2, and {4 times regavdless of the circumstances,

Buring £3 time 1L performs an addition, when the DO bi¢ {s positive and &

subtraction when the DO bit s negative. During €5 time, a8 subtraction is
glways performed,

The modulator of Fig, 4 §s specifically configured to perform
the function of a four-phase modulator such as the IBMY 3572 and the Bell®
207 modems and s based on encoding two bits of data per baud by thel

differential phase between bauds as indicated in the table below.
} BO By

Phase Differential
% 2g g 1 +45
| 3 0 +135
g 1 ' -45
’ o o o =135

&s with the FSK modulation previously described. sbrupt trang-
{tions in phase between bauds {n DPSK modulation produce modulated output
sionals eontaining excessive out of band frequenéieso A significant

reduction in the handﬁidth of the output signal can be achieved by

*Trade Marks - 18 - i
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1 having the 48 increments between the bauds vary in a

2 smooth manner. Additional reductions in bandwidth can

3  be ovtained by combining amplitude modulation with the

%  phase modulation. The above attributes are obtalned

5 through a widely used appreach which employs a modulated
& signal consisting of using two phase modulated carriers,
7 gach with envelope modulation. Abrupt phase changes are
8

made when the envelope of the particular carrier is zerc.
9 The equivalent modulated signal has a smooth phase transition

10 and can be written with the following form.

i1 L{t) = B(t) cos [wet + tm + ¢{v)]

i2 where We = carrier frequency

13 gm = arbitrary phase angle {(not significant since the
14 modulation 18 on a differential phase)

15 E(t) = envelope or amplibude function

16 and (1) = Phasing function which describes the phase

17 change between bauds.

18 The direct but stralghtforward approach to implementing

19 the above line signal requires a diglial multiplier to

20 accomplish the amplitude modulation. Such.an approach would

2l significantly 1lnerease the complexity of the transmitter.

22 Multiplication 1s avoided by taking advantage of the abiliéy

23 to accurately control phase angle within the transmitter signal
24 flow. The technique used 1s described below. Let

25 L{t) = E{z) cos {e6(t)]

26 where ot} = Wet + sm + (1)

27  and assume E(1) is scaled to a maximum level of 1.

28 then E{r) cos 8{t) = 1/2 {cos Ee(t)+cos“1E(?)]+cos[e(t)~coswlﬁ(r)3}
28 or L{t) = cos [8(t) + 80(x}] + cos [e{t) - 60(x)]

30 where 80{(t) is an offsef angle equal to cos”1€1f2 B{r)]

RAD=74.0072 w1 Gm
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1 Amplitude modulation is accomplished by generating
) two phase modulated sinusolds properly displaced in phase
3 by 260(z) and transmitting their vector sum as described
4 above in connectlon with the ¥ig. 4. The processing
5 periocd as described for the line ls segmented into five
5 parts. During the first part, C1, a running accumulation
7 of interbaud time «+t is made. This is similar to the accumulation
8 performed with réspect to the FSK modulator deseribed above.
g However, in the case of DPSK modulsgtion, 1 can bs allowed
10 to overflow since a phase change 15 made In each baud time.
13 Bs in the case of FSK, the three most significant bits of
#12 ¢ are used, Thus, E{t) and ¢(T).are eaeh defined by elght
13 discrete values per baud. See the graphs in Figs., 4A, B and C.
14 During the second time perlods, C2 of the processing cycle
15 &{t) 4s incremented by an amount 48c which corresponds to that
16 part of the phase accumulation due %o the carrier fraquency_
17 WGt; puring the third processing time period, C3, &{t) is
18 changed by an amount 44 {+) which generates the smooth transition
1¢  ${71} in phase change over the baud time. Agains this may be seen
20 from the graphs in Figs. 4a-C. a¢{x) 1s determined by t gpd, the
5y magnitude of the phase change to be made which is determined by
22 the D1 data bit. The sign of 44(x) is determined by ths DO
23 data bit which controls the sign of the adder via the adder
sl control circuit 38~1. During the fourth and fifth processing
25 times of each cycle, the offset angle 60{(r} is selected from
26 memory. The particular value selected is determined by the
27 value of =¥ and the magnitude of the phase change by the data
28 “bit D1l. 'The magnitude of 80(«} is independent of the sign of
29 the change. During the fourth C4 time, the sum 8(t)} + 80(«¢}
35 4% caleulated and converted to an amplitude value whileh is placed
RAG~TH-002 ~a0-
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1 in buffer 45, During the fifth time period, €5, 8(t} - 80(r)
2 is caleulated and converted to an amplitude value and added to the
3 contents of buffer 45 1in adder circuit 47, to thus produce
4 the composite modulated signal at the snd of €5 time. The
£ output of adder 47 1s inserted in the register 42-1 and gated
& to the digital to analog conmverter 43-1 at the appropriate
7 time by the tralling edge of the C5 clock pulse from cleock
8 generétor 30-1. the ocutput of the digital analog converter
8 43-1 pulses filter H4-1 to provide the signal on the line.
10 The filter, a simple RC filter, removes the guantizing nolse
11 introduced by the &igitél generation process.
12 The memory contents fcf read only memory 33~1 are
13 illustrated in Fig. 5. & single bit line conbrol word
14 which may assume two states, 0 and 1. Two sets of values
15 are stored. Each occeupy Ul addresses in the memory. The
15 first set 1-1+33 ave asscclated with modulation type
17 LOW = 0. The selection process or loglc required in the
18 address generator 3Il-1 for each of the addresses and the
19 data input supplied thereto are illustrated in the table

20 alongside each of the address locations.

21 Address 1 includes a value T/8 which for the sampling

22 frequency selected will when successively added to the contents

23 in buffer 36-~1, reduce the substantially equally spaced detectabls
24 . putputs from buffer 32-1 which are applied to the address

a5 generator 31-1 during 2 single baud time. The contents of

26 address 1 are obtained during the clock time €1 of each szampling
‘27 cycle. The data conbent of the D1 bit and the values fyrom the

28 ¢ buffer 32-1 have no consequence. Thus, during each baud time

28 register 36-1 counts up by the predetermined value T/8 which

30 is selected based on the baud rate of the information énd

RAG=74-002 =
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1 the sampling freguency fs by & detectably different outputs

2 in the three high order bits of the = buffer 32-1 substantlially
3 equally spaced across the baud time. Address 1+1 contains a

A value 46c which in the circuit disclosed in Fig. 4 produces

5 the carrlier frequency when incrementally added in the a(¢)

6 register 37-1. This particular gquantity is provided during

7 the second or C2 clock time and the value again of 1 and

8 the value of the D1 bit are immaterial. The value seleoted

9 for 46c 1s dependent upon the sarrier frequency of the modulation.
16 The contents of memory addresses 142 through 1+9 contain
11

12 succesgive steps where the phase iIs to be advanced or retarded by
13 135% as determined by DO for the selected baud rate and carrier
14 fregusancy defined by line control word zero. The particular

15 value selected from these addresses iz determined by the three

16 high order bits from the * buffer 32~1. These are illustrated

17 in the table. One of these values is selected during the third

18 clock time of each sampling pericd (-3, depending upon the
19 value of the t buffer 32~1., Addresses 1+10 through i+17
20 contain similar values for A8{x) for s smooth transition of
+ or ~45° and are seleéted‘Oﬁ the same basis and during the
<2 same clocking period as addresses 142 through 1+9. These
23 values are selected if the D1 bit i1s a 1 instead of a 0.

As previously stated; the values of 80{<t) are the same

25 during the fourth and fifth cycles, therefore a single set

26 of values for 80(t} is provided in address i+18 through 1+25

28 ig provided in address 1426 through 1433 for a phase change

29 of 45° depending upon the status of bit D1, One or théfother

30 osf these groups of values for 80{z) is selected during the

RAG-TL4-002 “P D
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foud

C4 and C5 processing periods. The particular one selscted

2  from each of the groups 1s determined by the value of =

3 buffer 32-1, More specifically, the three high order bits

& cﬁntainea in the buffer. During the Ch period the value read from
5 MEMOTY 33n1lis added to the contents of reglster 37-1 and stored in
6 puffer 45 after bhaing converted 4n & to gin & conversion

7 eircult 431~1, and during the C5 processing period, the value

8 or 840(1) read from memory 33-1 is subtracted from the contents

9 of reglster 37-1, converted in 8 to sine & conversion

10

circult 41-1 and at that time zdded to the contents previcusly
11 atored in buffer 45 in the adder 47.

12 | The memory includes another set of addresses J through Jj+33
13 for a second type of DPSK modulator identified by line contrél '
14 word one. These values are similar to the values ﬁescribed‘

15 above in addresses 1 through 1+33, however, the particular

16 values stored will depend upon the carrier {requency and
17 the baud rate for the modulstor. If additional modulation
18 frequencies and baud rateg are to be implemented, additionsl

13 ~ blocks of memery addresses will be required and the line

20 control word will have to be expanded to uniquely ldentify
21 which 1s to be selected by the address generator 31-1.
22

While the modulation process has been described in terms

23 of Y-phase modulation, it is extendable te higher levels of
R4 phase modulation such as 8-phase by providing suitable functions
25 for a¢{t) and 80{x} as will be well understood by those

26 skilled in the art.

27 : In some instances such as where low baud rates are used

28 or where less siringent out of baud signal reduction requirements

29  are stipulated, the amplitude modulation deseribed and illustrated

30 may be eliminated. This may be accomplished by eliminating the

RAG~Th4-002 23w
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it

processing steps performed furing the ol and ¢5 clock times.
2 In this event, the cilreoult components following 6/sin @
conversion oircuit 41-1 would be identical to these following
the corresponding circult 41 in Fig. 2.

In addition, the cireult 1llustrated In Fig. 4 and
described gbove may be used to perform an amplitude modulation

only. Thizs may be accomplished by eliminating the processing

o 3 o W - W5

step ®hich occurs in the ¢3 clock time. This would eliminate

LY

the addition of the phase components 44{x). In this instance,
10 no structural changes gre required except for the elimination

1 or suppression of the ¢3 clock time and processing steps

12 which oecur thereln.

13 The modulator illustrated in Fig. 6 1s specifically

1h arranged to perform a multifrequency medulation similar to

15 what is commonly known as touchtone signalling. In this

! .16 form of signalling, @airs of selected freguencles are

17 simultaneously transmitted to convey infermation. If four 4 and
18 four B freguencies are avallable, and one A& and one B frequancy
19 are simultanecusly transmitted, sixteen different paired freguency
20  combinatlions are avallable for Cransmitting data. These may

a1 typlically transmit ten numerie diglits and slx control characters.

3 22 The modulator has the same genersal format as
23 modulators previously described., Four parallel data blts

% 24 are reguired to identify two tones, one of which is selected

ﬁ 25  from & group of four and the other of which is selected from
26 another group of four. These are indicated in the drawing as
27 PG through D3 and are applied directly to the address genersgtor
28 31-2. A cloeck generator 30=2 provides a sampling frequency

‘29' fs having two phases Cl, €2, The C1 phase occuples the first

30 half of the clock periocd and the €2 phase occuples the second
RAD-TUH-002 w2l
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1 half of the period of clcck 30-2. Both of these signals are

L5V ]

applied to address generator 31-2 which based on the input

3 slgnals generates an address for accessing phass Information stored
4 in a read only memory 33-2. Read only memory 33-2 includes

5 two sets of values 481 and 482 which are the increments of

& phase and are similar to those deseribed 1n the previous modulators.
7

The valus of a8 selected thus determines the {requency of the tone
8 which’will be generated by the modulator. o
9 The contents of read only memory 33-2 are 1llustrabed in
10  tabular form in Fig. 7. In address locations i through 1415, the
11 selection signals include the line control word, data bits dé
12 through D3, and the two clock phases C1 and €2. The eight
i3 addresses 1 through 1+7 are associated with one of A and B
14 frequencies each Iincluding four different frequencies agnd the
15 addresses 148 through 1415 are assoclated with another set. These
16 gets are ldentified by the line contrel word being zZero or one.
17  The dats bits D0 and D1 define the & frequency which must
18 be generated. The generation ¢f the &4 frequency occurs during
12 the first halfl éf the clock periocd indicated by Cl being in |
20 & ﬁositive state and CU in a negative state. The generatlon
21 of the B freguency 1s accomplished during the second half
22 of the clock period. This may be seen in the table, |
23 The particular configuration of the DO and D1 bits selects
24 one of four values of 481 and the configuration of the D2
25 gand D3I bits selects one of four values of 482 , selectlions
26  veing made from addresses 1 through 147 on the basis of
27 the line control word and from the 461 group on the basis
28 of the €1 clock pulse and from the 482 group'on the basis
29  of the C2 cloek pulse. A4s previously stated, the naﬁu?e:of

30 the data stored and the location i+8 through 1415 is similar‘

RAG=T4=002 ‘ w35
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except for the line control word are substantially simd

The contents of the read only memory 33-2 accessed

P V'3 ) 3] fnad

output of address generator 31-2 are appiied to one inp
an- adder circult 34-2. The adder clireult 3%=2 3in this

iz always operated in the add mode and the adder contro
3542 praduceé this result since the two clock pulses a

to an OR circult 52 which has its output connected to o

WO =3 Oy A\

one lavel at all times since the clock pulses 1 and €2

1%  described above,

giffering only in the values stored. The selection sipgnals

ilar.

by the

sub of

modulator

1 circult
J

re applied

ne of

two dnputs of an AND cirecuit 53. The other inpﬁt of tha.AND

circuit is connected to a positive source of voltage snd provides

are

12 positive in alternate half-cycles of the clock generator 30-2.

13 fThe other control circuit 38«2 was inserted primarily to indicate

; ..
;1 14 the compatibllity with the other modulator forms disclosed and
3

16 The output of adder 3l-2 is selectively

18 of a read/write control sircult 35-2 which responds to

23 36-2 and 37-2 are connected to the other input of adder

27 descrived is added fo the contents of vegister'36~2 and

30 ¢to the contants of regilster 37-2.

e SR AR el
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g 17 applied to one of two registers 36«2 or 37-2 under control _ vf

4 19 clock pulses €1 and C2. When clock pulse Cl is received,
20 register 36-2 13 connected ¢o the cutput of adder cireuli 342
21 and when clock pulse €2 is recelved, reglster 37-2 i1s connected

22  to the output of adder circuit 34-2. The cutputs of registers

circuit

w2 and are controlled by read/write control eireult 25«2 in
25  the same manner as the input from adder 34-2. Thus, during the

26 first clock cycle, 48l selected by the inputs previously

28  reinserted in register 36-2. During the second half-cycle

29 . of the c¢clock period, 482 as previocusly described, is added
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1 The output of adder 34-2 is applied to a 8 to sine @
2 conversion cirecuit 41-2 identical to the cilrcults praviocusly

3 described. The output of the conversion circuilt is connected

] to a vegister U5-1 which is under control of a read/write

previausly gtored in register 45-1 is applied to one input of

OO =3 o W3R

an adder circuit H7~1. The other input of adder circuit 47-1

10 igs connected to converter 41-2 and forms the sum of the two

11 applied b0 the two inpubts. The ocutput of adder 47-1 is connected

12 to anothesr register 42-2 which is gated at the trailing edge
12 of clock pulse C2 to a digital to analog converter 43-2 which
14 has its output connected to a simple RC filter 44-2,

15 The modulator described above in Filg. & is useful for

16 multifrequency or paralliel tone generation which may be

17 applicablevfar data transmission or auto dialing. These appliw

18 cations ase sufficlently low baud rates as not to reguire the
19  bandwidth reduction techniques used in the two previocusly

20 described modulators. If higher baud rates are requlred,

21 the technigue deseribed in connection with Fig. 2 may be used.

22  OCne of four tones are gensrated from each of two bands depending

23 on a baud of data consisting of four bits. The processing

ol period is divided into two segments Cl and £2. During the

25 €1 segwment, bits D0 and DI select one of four values of 48

26 from the memcrys‘the value of A8 determines the frequency of
27 ‘the tone which will be generated. The value of tone 1, 81(t)}
28 steored in regi$ter 36-2, 1s incremented during each Cl time
29 and converted to an amplitude value sin 61(t) and placed

30  in the buffer register 45-1. During C2 time, the phase of the

GmTh=002 w27
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During clock pulse €1, the oubtput of the converter cireult Hi-2

is inserted in register U5-1. During clock pulse C2, the contents
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1 second tone, 82{t) is incremented by a value A8 deter-
mined by input bits D2 and D3. The amplitude of the sscond
tone sin 82(t)} stored in register 37~2 is added to the con-
tents of buffer register 45-1 to produce the next two tone
transmitted signal at the end of €2 time.

Fig. 8 discloses an overall block diagram for a multi-
line multimode modulator which is capable of servicing n
input and n output lines substantially simultaneously by a
time sharing tachnique of the modulator. The modulator is

10 capable of providing different varieties of three major
types of modulations for any mix of the n lines. The modu-
lation: types provided are multifreguency, frequency shift
keved and differential phase shift key modulation. A num~
ber of different varieties of each of the types of modula~
tors may be iwmplemented as will become apparent as the deg«~
cription continuyes.

The multiline multimode modulator includes an input
multiplexer 60 connected to n multiwire inpub lines or
cables LI through In. The multiplexer outputs ars con-

20 nected via an OR circuit 61 to a multimode wodulator 62
where the signals from sach of the n lines are segquentially
modulated as reguired for the particular line. The modu~
lated signals from the multimode modulator 62 ave applied
o a second multiplexer 63 which distributes the modulated

j signals to the appropriate cutput lines le-n via individual

RC filters 64~1 through 64-n. Filters 64-1 through 64-n

£ are identical and each are simple BC f£ilters whose sole

function is to remove the guantizing noise from the digital
to analog conversion process. A master clock circult 65

30 provides control signals to multiplexers 60 and 63 as well
as to the multimode modulator 62. In addition, mastex
clock circuit 65 provides control signals to a line control

- word
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1 menmory unit 66 which provides signals to the multimode modulator
2 62 and the master clock eireuit 65, Multiplexers 60 and 63

3 operate in gynehronism under control of master clock ciréuit

i 65, thus input lines l-n are ssguentially connectsd through

5 the multimede modulator 62 to ocutput lines l-n, respectively.
6 The line control word memory unit 66 includes n address each

7 identified with one of the input lines Ll-n and in which is

8 stored a line control word identifying the precise modulation
g reguired for that line. That is, which type of modulator 1t is
10 and which variety of modulator of that type 13 belng serviced for
11 that line at that time. The line control words may be changed as
12 reguirements for modulation Por any line are changed, This

13 may be done manually or automatically as will become apparent
14 as the description continues.

15 The master clock 65 and the line control memory unit 66
18 are 1llustrated in detall in Flg. 9 since these units provide
17 all of the control signals for the multiplexers 60 and 63 and
18 the multimode modulator 62

19 A clock genevatoxr 67 operates at a freguesncy nfs where

20 fz 18 the sampling‘frequency per line and n is the number of
2% lines which must be sampled. Except for the actual freguency
o5 utilized, this clock is simllar to clock 30~1 of Fig. 4 and

23 provides during each clock peried, five ocutpubts illustrated

24 below the cloek in graphic form. The first output is positive
25 during the first guarter of the periocd and negative during the
26 remainder of the period. The second output is positive only

o during the second gquarter of the periocd. The third output is
28 pogitive only during the third quarter of the period. The

29 fourth and fifth outputs are poslitive during the firsy'énd

30 second halves of the fourth quarter, respectively. The one
RAG~7U-00Z -9
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1 ocubput from clock generator 67 is applied to a binary counter
2 68 which 1s arrangzed to count as high as n and recycle thus

3 incremehting ong count during each period bf ¢lock generator
i €7. TPhe output of binary counter 68 are applied %o a decoder
5 sirculit 69 which provides the enabling outpubs for operating
&

multiplexers 60 and 63 since the outputs of decoder 6% sequentially
7 identify one of the n lines, The outputs of binary counter

8 68 are also applied via gate circuits 70 to latches 71 to

(¥l

provide a binary cutput identifying the Mnes° The output of
10 latches 71 are applied directly to the multimode modulator 62
11 and the use of this output will be described later.

12 In additon, the ocutputs of binary counter 58 are utilized
13 a8 addresses for accessing the random asccess line control word
14 memory 7¢. Thus, each time binary counter 68 increments to a
15 new value, a new word 1s read out of random access line control
16 word memory 72 and provided on the datg output bus 73. Random
17 access line contrgl word memory 72 is also provided with a data
18  input bus and write control circuits whereby line control words
18 may be inserted into the random access memory a8 needed or desirved
20 from some external source such as a computer 74 illustrated

el in the drawings. Typically, computer 74 may alsc be the source
22 of the daté which is belng transmitfed over lines L1 fhrough

23 Ln. Alternatively, the line control words may be insgerted

24 from a locally assoclated terminal connected to the data bus

25 and the write control circults agd need only supply the address
26 lececation and the data to be stored therein.

27 The data output on bus 73 from random access line control

28 word memory 72 is applied to a decoder circuit 75 which provides

ny
TG

one of three cutputs identifying the modulation type. fThe

LAY
[

outputs are labeled MTL, MT2 and MT3. The cutputs of MT1I-MT3 are
|
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applied to the multimode modulator 62 as will be apparent in

connection with the deseription of Fig. 10, The data oubput bus

3 73 is also applied to the multimode modulator 62 and the use of

4 these signals will be described in connection with the

5 descriptlion of Fig. 10.

6 The MT1L output from decoder 75 is commected fo two AND

7 gates 76-1 and T6-2., The output MT2 is connected to two AND

8 gates T7=1 and 77-2 and the ocutput MT3 is connected to filve

9  AND gates 78mi through 78-5. Gates 78-1 through 78~5 are connected
10 to ocubtputs 1w5‘respective1y from clock generator €7 and provide
11 rive seguential outputs when the line control word decoded

12 indicates a differential phase shift keyed modulation function
13 must take place for that line. The outputs of the gate TE-1
14 through 78-5 for convenience have been labeled A, B, C, Dl .and D2,
15 regpectively. These pulses in the description which follows will
16 e considered clock pulses appearing during a single sampligg
17 pericd for processing purposes in the circuit of Fig. 10
18 wnich 1s a detailed block diagram of the multimode modulator
19 £2. These signals are applied to the modulator 62 as seen in

20 pig. 10 in the places indicated by the above alphabetic labels.
2l Outputs 1 and 2 of clock generator 67 are connectad to an OR'

22 circuit 79 whiech has i1ts output connected to AND gates 67-1 and
23 77-1. Outputs 3, ¥ and 5 from clock menerator 67 are
24 connected to OR circult 80 which has its output connected
25 to AND gates 76~2 and 77-2. AND gates 77-1 and 77-2 provide
26 outputs Al and Bl respectively wnen the modulatlon required
27 15 P8K while AND gates 76-1 and 76~2 provide outputs 42 and B2
28 when the modulation required is multifrequency. The timings
29 provided by the signals from these AND gates may be determined
30 from the graphs shown below clock generator 67. .
RA9-TH~002 “31m
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Clocks A1 and Bl occupy the first and second halves of

2 a sampling periocd, and are active during a FSK mcdulation.

3 locks 42 and B2 cceupy the first and second halves

b of a sampling period and are provided when a multi-

5  frequency modulation takes place for a given line.

&  Clocks &, B, C, D1, and D2 are provided when a DPSK |

7 modulation is taking place for a glven line and are identical

B An timing during a single clock periloed as shown in the graphs

3  below clock generator 67. _

10 The multimode modulator illustrated in Pig. 10 is similar
il 14 many respects to the DPSK modulator illustrated in Fig. hf
12 However, it utilizes threse separate address generators, each

13 gimilar to those previously described and three adder conbrol

14 clrcuits similar to those previously described and selection

15 gates under control of the signals MT1 through MT3 illustrated
16 in Pig. 9 and previously described.

17 & three section address generator BD having a

18 first section 80-1 for genersting addresses based on the input
19 data for the selection of signals from the memory suitable fs?
29 producing multifrequency tone palrs; a section'80~2 for

21 generating addresses suitable for the selection of data

22 rop generating differential phase shift keyed signals; and

23 a section 80~3 suitable for generating addresses for accessing
2k data suiltable for generating frequency shift keyed signals
25 i§ connected to the output as indicated of OR circuit 61 which
26 provides up tc four data lines in parallsl. The sections are
27 also connected té the Al, Bl, A2, B2, 4, B, C, D1 and D2 clock
28 signals from the master clock €5; to tﬁe line control words from
23 . the data cutput bus 73 of random access line contrel word memnory
30 723 and o a8 1t register 32-2 similar to the <t reglsters previously
RA9-7H=-00P 32w
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1 described in connection with the description of Figs., 2 and ¥
2 and which will be described in detall below. Section 80-1 may‘
3 be idaﬁtical_to the address generator 31«2 illustrated in Fig; &,
4 Seation 80-2 may be identical to the address gensrator 31-1
g illustrated in Fig. 4 and section 80-3 may be identical to the
) address generator 31 illustrated in Fig. 2. The outputs of
7 sections 80-1 through 80-3 are connected by gates 81l-1 through 8§1-3
8 to the control input of a read only memory 82 which contains
g all the information in read only memories 33, 33-1 and 33-2
1¢ - of Figs. 2, 4 and 6, respectively. B
11 The three section addeg control circuit 83 provides'adder
12 control for each of the three modulation modes, and includes
13 a first section 83-1 for providing the adder control function
14 far'differentiai phase shift keyed modulatlion, a sscond section
15 83-2 for providing adder control for freguency shift keved
16 modulation and a third section 83-3 for performing adder canérgl
17 for multifrequency modulation. The inputs to each of these
18 sections are identical to the corresponding addsr control
19. civeuits shown in Pigs. 2, 4 and 6. Each of the sections is
20 connected by a switeh B under control of the MT1 through MTE
21 - outputs from decoder 75 to the control input of an adder 34-3
22 ° which is similar %@.adders 341 through 34-2 shown in the
23 previous figures‘ »
28 The output of read only memory 82 is connected to ong of
25 thé inputs of adder 34-~3. The output of adder 34-3 i3
-26‘ gonnected éo the data input bus of a random access memory 85 and
27 the ocutput bus of random access memory 85 is connected to the other
28  input of adder 34 and to a v buffer 32-2 similar‘ta the
ég buffers 32 an&,32u1 shown in Figs, 2 ang &, respeétively;
30 ' Random aacesé memory 85 contains two address 1oeaticnshfcr"
i,' | RAG~74-002 - =33~
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each of the n lines serviced by the multiline, multifrequency

modulator. Which of these addresses 1s éelected is controlled
by an address generator and read/write control circult 35"3'3

which responds to the LU output from latches 71 and the cloeck

slgnals A1, Bl, A2, B2, A, B, C, DL and D2 from master clocﬁb

cireuit 63,

[« WO B < A

f}' 7 For example, if the multiline, multimode modulator is

] serving four lines, the output of binary counter 63 will be

¢ provided on two lines which may be 00, 10, 01 and 11 depending‘
1 upon which line is being serviced. These two lines may be used
11 &8 the high order bits of the address in random access memory‘85,
12 The low order bit for the address will be selected as a function
d 13 of the clock signals, Al, A2, and A indlcating a 0 low order.bit
14 and the other clock pulses indicating a 1 low order bit. Dufing
i 15 clock times D1 and D2, a read operation only takes place.
16 The output of random access memory 85 in addition to heing

f 17 connscted to the other Input of adder circuit 34~3 i connected
% 18 to a 1 buffer 32-2 which 1s loaded during the A and the Al clock
% 19 pulse times. The three high order bits from buffer 32-2 are

2p applied to address generators 80-Z and B0-3 and perform the

21 same functions in these address generator sections as they

ﬁ 3o performed in the single line versions described in Figs. 2 and
ﬁ 23 4. The output Of'adder 34«3 is applied to a 6/sin 8 conversion
24 circult 81-3 similar to all of the previocusly described 84{sins

25 conversion clrecults. The remainder of the c¢ircult is functionally

56 similar to that of Fig. 4 and includes a reglster 45-2 connected
27 to the output of 6/sin & conversion circuit 41-3 Ffor recelving

28 the output thersfrom under control of a read/write and clear.

2g. eircult 46-2 and supplying an input to a second adder‘éircuit

‘ 36 47-2 which is also connected to the output of clircult B1-3. A

RAS-74-002 =3l
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32

register #2-3 1s connected to adder 47~2 and supplies when gated

Py a digital o analog converter circult #33. Read/write and clear -

3 control cirecult 462 is responsive to clock pulses A, A1, AZ,

B2,

4 D1 and D2. During clock pulses A and Al, the register iz cleared
5 to thus causs adder circuit 472 to directly pass the output of

& conversion circuit #1-3 to the reglster 42-3 without alteration

7 since In these instances, the function performed by the adder

8 circult 47-2 18 not needed or desired. During the DI and AZ

2

- clock times, the contents from conversion cireuit 4i-3 are

190 read into the reglster #5-2 and during the D2 and B2 clock piulses,

i1 the contents of register U4%-2 are read into the adder cireui®

i3 conversion circuit 41-3, The ocutput from digital to analeg

12 47-2 where they are added to the then available contents from

14 econverter circult 43-3 is applied ¢o the input of multiplexer

15 63 illustrated in Fig. B and under control of the master
é, 16 clock signals from clock 65, 1t is dlstributed to the
17 appropriate output line l-n via the simple RC filters 64-1
18 through 6¥un,
i 18 The three major modulation technigques implemented in

20  Fig. 10 are identical to the three modulation technigues

21 illustrated and described with respect to Figs. 2, 4 and 6,
22‘ The only difference being that the address generator for

i 2%  accessing read only memory 82 is expanded to encompass all

f 24 of the various medulation types, the clock is expanded to pro
ﬁ 25 each of the clocking signals, thé adder control circuit 83

% 26  is expanded to provide the three different types of addition
; 27 control previoualy described and the switch 84 1is provided

2 28  to connect the appropriate adder control signals as indicated
3 29-bby the signals from the master clqck'ﬁfc The only other”

30 addition is the expansion of random access memory 85 $o inclu

RAG~T4-002 35w
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two addvess positions for ecach of the Vines handled by the muitiline,
multimode modulstor. Since only two address positions are requived for
each line, random sccess memory 85 {5 general purpose and the only signals

needed to select the appropriste addresses are those signals from master

clock 65 which {dentify the Tine currently being serviced and those clocking

signals necessary to control the function of the wemory B5. The rehaining

circutts are, ay previously stated, identical to those of Figs. 4 anﬁ 6.
Insofar as the modulation technigue described in Fig. 2 i1s concerned, the'
adder 47-2 and the register 45-2 and control 46-2 are superfluous and the
reason for providing the reset signal as stated above, is to remove these
circuits in those instances where the fraguency shift key modulation is
being impliemented. Since in those instamces, zeve 18 inserted in the
register 45-2 and an addition of zers to the digital signals provided by |
the converter clircuit 45-3 passes thosa signals on through to register 42ﬁ3
ynchanged, |

it 1s obvious that this circutt provides substantial savings in
cost since sapanding 1t to 16 or more lines merely required minor additions
to the read/only memory 82 to store the factors of the different types of
modulation required and the expansion of the random access memory 85
to include two regigters for each of the lines serviced.

While the {nvention has been particularly shown and desciribed
with reference to preferred esbodiments thereof, it will be understood by
those skilled in the avt that various changes in form and datails may be

made theredn without departing from the spirdt and scope of the invention.
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The embodiments of the invention in which an exclusive property or
privilege is claimed are defined as follows:

1. A multiline muitimode modulator for substantially simultanecusly
modulating a plurality of different signals onto a plurality of dif-
ferent output lines and in which one of n different modulations of

m types may be selectad for any of the cutput Yines comprising:

a master clock means operating at a clock fraguency substantially
higher than the baud rate for any of the modulations to be performed
and providing a first clock output at the said freguency and selec-
tively one of m sultiphase clock output signals during each period of
said clock frequency;

a line control word memory including vead and write control means
and a number of addresses at Teast squal to the number of lines 1o be
serviced for storing line control words which unicuely define the
modutation to be performed for the line corresponding to the address
tocation and responsive to said first clock output for providing Tine
control words in a predetermined seuqence;

a digital muitimode modulator including a memory for storing
digital numevrical values representing the modulation parameters for
each of the said n different modulations, digital processing circuits:
connected to said memory for receiving the stored digital numerical
values provided thereby and responsive to the data to be modulated, the
tine control word signals and the selected one of wm multi-phase clock
output signals for generating a modulated output signal as a funciion
of the above said signals, and an address generator responsive io the
data signals to be modulated, the line control and word signals, the
digital processing civcyits and the selected one of m mulitiphase clock
output signals for generating a predetermined plurality of sequential
address signals for supplying the memory contents of the assoclated
addresses to the said digital processing circuits; and

multiplexing means rasponsive to sald first clock output for
supplying in sequence signals from one of a plurality of sources to
said digital multimode modulators and supplying the output from said

RA9~74-0028
37
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muitimode modulator in sequence to one of a plurality of lines.

2. A multiline muitimode modulator as set forth in claim 1 in

which the modulation performed for any line may be changed by writ-
ing a new line control word defining the new modulation into the
addrass in the line control word memory associated with the lina.

3. A multiline multimode modulator as set forth in claim 2 in which
said m multiphase clock outputs is at least two and one provides two
clock phases for controlling as FSK modulation and the other provides
at least three clock phases for controlling a DPSK modulation.

4, A muttiline multimode modulator as set forth in claim 3 in which
said digital processing circuits includes common circuits for each

of the m modulation types and a read/write wemory including a pair
of registers for each line for storing calculated parameters and
sefectively during sach cycle of operationvby the said Tine control
word signals and ¢lock phase signals.

5, A mgltiline multimode modulator for substantially simultanecusty
modulating a plurality of different signals onto a plurality of dif-
farent output lines and in which one of n different wodulations of

m types may be selected for any of the output lines comprising:

3 master clock means operating at a first clock frequency (nfs)
in which fs is substantially higher than the baud rate for any of the
modulations to be performed and n is equal to the number of output
Tines and providing a first clock output at the said clock frequency
and selectively one of m multiphase clock outpuf signals during each
period of said clock frequency;

a tine coatrel word memory including read and write control means
and a number of addresses at least egqual to the number of lines to be
serviced for storing Vine control words which unigqualy define the
modulations to be performed for the line corrvesponding to the
address location and responsive to said first clock frequency for
providing Tine control words in a predetermined sequence;

a digital multimode modulator including a memory for storing
digital numerical values representing the modulation parameters for

RAS-74~002B
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1 each of the said n differant modulations, said parameters for sach of
satd n different modulators including a plurality of numerical values
for each of the possible signal transitions which are selected at least

once within ecach interbaud time in which a transition cccurs t0 cause

safd transition to follow substantially reduced out of band freguency

components, digital processing circuiis connected to said memory for

3 receiving the stored digital numerical values provided thereby and
responsive to the data to be modulated, the 1ine control word signals
and the selected one of m multiphase clock output signals for generat-

10 ing & modulated cutput signal as a function of the above said signals,
and an address generator responsive o the data signals to be modulated,
the Tine control word signals, the digital processing circuits and the
selected one of m multiphase clock output signals for generating a
predetermined pluralily of sequential address signals for suppliying

the memory contents of the associated addresses to the said digital

processing circuits; and

R o

myltiplexing means responsive to said first clock output for

supplying in sequence signals from one of a plurality of sources to

said digital multimode modulators and supplying the output from said

20 multimode modulator in sequence to one of a plurality of lines.

6. A multiline multimode modulator as set forth in c¢laim 5 in which
the modulation performed for any Tine may be changed by writing a

new line control word defining the new modulation into the address

ji; in the Tine contrel word memory associated with the line.

B 7. A sultiline multimode modulator as set forth in claim 6 in which
said m multiphase clock outputs is at least tws and one provides two
clock phases for controlling as FSK medulation and the other provides
at least three clock phases for controlling a DPSK modulation.

5. A mulitiline multimode modulator as set forth in claim 7 in which

3¢ said digital processing circuits includes common circuits for each

of the m modulation types and a read/write memory inciuding a pair
of registers for each Tine for storing calculated parameters and

RAG-74-0028
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selectively during each cycle of operation by the said line control

word signals and clock phase signals,
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71y ALCATEL ALSTHOM COMPAGNIE GENERALE DVELECTRICITE,

FR
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(s4) EM

{ITEY R—REC}&PE EURDE TRAMES MULTIMODULATION

o4 MULTEMODULATION FRAME EMITTER/RECEIVER

: §
k
‘ ¢
H R o

{57y La présenle invention porte sur irame
mulumoduiation qui Comprmd au mens un premier
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{57y The present nvention refers o a multi-modulation
frame including at least a first time mierval (1) and 3
second time interval (2), followmg the first time interval
(1). Said first and second time intervals (1 and 2) are
defined by a first modulation and by a second
modulation respectively. The frame is characterised in
that a last constellation symbol from the first fime
jnterval with the first meodulation coincides in phase and
amplitud with 2 symbol from the second modulation.
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The present invention refers to a multi-modulation frame including at
least a first time interval (1) and a second time interval (2}, following the first
time interval (1), Said first and second time intervals (1 and 2} are defined by
a first modulation and by a second modulation respectively. The frame is
characterised in that a last constellation symbol from the first time interval
with tha first modulation coincides in phase and amplitud with a symbol from
the second modulation.
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The present invention refers to a multi-modulation frame and also to
an emitler and a receiver in order 0 emit and receive the said mulli-
modulation frame. The emitter and/or receptor, according to the invention,
may be embodied, for example, in the unit of a portable radio-
communications system. A frame is defined as a signal which includes
successive time intervals. A multi-modulation frame is characterised in that it
includes at least two time intervals, sach of which being defined by
respective modulations which are different from each other.
STATE OF THE ART

A frame of the type defined above, can be used, for exampile, in the
D.E.C.T. standard {Digital Enhanced Cordless Telecommunications) of the
E.T.81 (European Telecommunications Standards institute} with the
objective of increasing the traffic capacity in at least one channel, or
temporary interval, without changing the modulation defined for other
channels.

For example, and referring to the drawings in figures 1, 2A and 2B, a
first time interval, 1, is defined by a GFSK {Freguency Shift Keying)
modulation already used in the DE.CT. and ancther time interval 2 is
defined by a «/4DQAPSK (n/4-Differential Phase Shift Keving). The two
modulations define respective constellations which appsar in figure 24 and
28 in relation to predefined references.

in the D.EC.T. standard the modulated signal is delimited by a
spectral patiem within which the modulated signal must be circumscribed.

When use is made of two modulations in the same frame, for
example, the modulations which appear in figures 2A and 28, the resulting
signal defines a spectrum which does not enter into the predefined DECT
pattern.

CHARACTERISATION OF THE INVENTION

A first object of the present invéntion is {o define a multi-modulation
frame, which defines a spectrum which is circumscribed in a limited
amplitude spactral paltern.

A second object of the invention is t© define an emitier of a multi-
modulation frame, according to the invention.
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A third object of the invention is to define a receiver of a multi-
modulation frame, according to the invention.

Consequently, a multiF-modulation frame, according fo the present
invention, including at least.a first time interval and a second time interval
which follows the said first time interval, the first and second time intervals
being defined by first and second modulations respectively, are
characterised in that a 1ast symbol of the constellation of the first tims interval
with the first modulation coincides in phase and amplitude with a symbol
from the second modulation.

The result being that in all of the successive frames there is no
“modulation skipping”.

An emitier to produce the said frame includes first and sscond
modulation means 0 modulate data according to the said first and second
modulations respactively, and means for placing, in the initial phase values
of the said second modulation means, through a first symbol of the second
time interval, the phase of a last symbol produced by the said first
modulation means in the said first time interval.

For example, in the case of GFSK and n/4DOPSK moduiations, the
means for placing in the initial values include:

- means for computing the phase of the last symbol of the GFSK
modulation in the first time interval,

- means for selectively selecting, during the second time interval:

the phase of the symbol previous o the n/dDOPSK modulation when
the posterior symbol is not the first symbol of that /4DQPSK modulation in
the first time interval, and

the phass of the computed symbol when the posterior symbol is the
first symbol of said n/4DQPSK modulation,

with the aim of computing a «/4DQPSK modulation symbol.

A recsiver 1o receive the said frame consists of first and second
demodulation means to demodulate modulated data, according to those first
and second modulations respectively, and means for placing, in the initial
phase values of the said second demodulation means, the phase of the last
symbol received by the said first demodulation means in the first time
interval.

BRIEF DESCRIPTION OF THE DRAWINGS
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A more detailad explanation of the present invention is given in the
following description based on the attached drawings in which:

- figure 1 shows the format of a multi-modulation frame;

- figures 2A and 2B show the constellations relative to GFSK and
=/4DOPSK modulations respectively;

- figure 3 shows two constellations and arrows pointing out the
correspondence between the two consteliations, according to the invention;

- figure 4 shows a block diagram of a multi-modulation frame emitter,
according to the invention; and

- figure 5 shows a block diagram of a mulli-modulation frame receiver,
aceording to the invention.

DESCRIPTION OF THE INVENTION

The emitter, according to the invention, cancels out the “modulation
skipping”, or discontinuities which appear, according io the state of the an, in
each of the successive frames. With reference to figures 2A and 2B, the
respective constellations of the two modulations which are assigned in a
single frame must, according to the invention, satisly the following criteria:
the respective phases and modules of all the symbols of one of the two
consteliations must correspond (o respective phases and modules of the
other constellation. Thus, for example, with reference to figures 2A and 2B,
all the symbols of the GFSK modulation (figure 2A) correspond to some of
the symbols of the consteliation n/4DQPSK (figure 2B} as a result of a
“rotation” of the GF3K consteliation.

in more general terms, an adaptation of a constellation to another
constellation needs to adapt the modules and phases of all the symbols of
one of the two consteliations o some of the modules and phases of the
other constellation. The arrows in figure 3 more clearly show, according to
the invention, the correspondence in phase and module of two
constellations.

The following description refers to two GFSK and n/4DQOPSK
modulations which have egual modules although the invention can be
applied o all other modulations, such as for example, nPSK {PSK, 4PSK,
8PSK, ..}, nFSK, nGMSK, efc. In the case where a placing in
correspondence in module of the two modutations were necessary, use can
be made of a measuring circuil for the modules of at least some of the
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symbols of one of the two modulations, and a gain conlrol cirouit which
regulates the amplitude modules of the other modulation in order 1o regulate
the modules of one of the constellations in relation 10 the module of the other
modulation. The module measuring circuit and the gain control circuit are
placed in the two demodulation chains respectively.

On the other hand, the invention is described for a particular case,
according to which only two modulations are assigned within the same
frame, although they can be assigned in other environments in which more
than two modulations exist within one single frame.

The emitter of the invention, shown in figure 4, includes a
demultiplexor (21), a first GFSK modulator (28), a second n/4DQPSK
modulator {26), a conirel unit {28), a phase computer {30) and two
multiplexors (31 and 33). In a conventional way the n/4DQPSK modulator
{28) includes a symbol association unit {22}, a correspondence table (23), an
adder {24} a delay line {32} and an IQ guadrature signals generator (25).
The control unit (29) assures the sequencing of the operation of the different
circuits shown in figure 3.

Binary data are produced by a data source {20) to form a data stream.
According to the format of the chosen frame, the GFSK modulation will be
assigned to one part of the frame and the nm/4DQPSK modulation will be
assigned to the other parl. A control unit (28) output is assigned to the
n/4DOPSK modulation. A control unit (29} cutput is assigned to an input to
the demultiplexor {21), the two outputs of which selectively and alternately
receive the binary data produced by the source (20), for the data to be
selectively modulated with GFSK (2B) modulation or n/4DOPSK (26)
modulation, depends on the position of the said data modulations within the
frame. When the GFSK modulation is assigned to the data, the control unit
{28} assigns a control signal to the multiplexor {33}, which is reproduced at
the signal output of the GFSK (28) modulator, in the form of IQ signals.

The n/4DQPSK modulator operates in the following way. The symbol
association unit (22) associales a dephasing, with each two bits of the binary
data, which is memorised in the table (23), and which defines a phase
variation in relation to a previous phase. The previous phase and the
dephasing are added, using the delay line (32) and the adder (24) to
produce a current phase signal which is assigned to the 1Q signals generator
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{25). The generator (25) produces signals in 1Q quadralure. Thus when the
r/4DQPSK modulation is assigned to the data, the control unit {29) assigns a
coniral signal to the multiplexor (33), which reproduces at its output the
r/4DQPSK {26) modulator output signal in the form of 1Q signals.

According to the invention the emitter in figure 4 includes means for
placing in the initial phase values of the =/4DQPSK modulator, for a first
symbol of the second time interval (2) with n/4DOPSK (26} modulation, the
phase of a last symbol produced by the GFSK modulator in the first time
interval {1}. These means for placing the initial values include the phase
computer (30) which computes the phase of the last symbol of the GFSK
modulation, just before the first symbol with a/4DQP3K modulation. The
phase of the last symbol of the GFSK modulation which i computed by the
circuit {30} is assigned to an adder (24} input through the multiplexor (31), in
correspondence with the first symbol of the time interval with /4DQPSK
modulation. For this reason the control unit (28) assigns a control signal to
the multiplexor {31} in order to validate the phase computer (30} ocuiput in
correspondence with this first symbol of the =/4DGPSK modulation. Thus,
during the time interval with n/4DQPSK modulation, the phase of the
previous symbol of the n/4DQPSK modulation is selectively selected when
the posterior symbol is not the first symbol of the time interval with
w/4ADAQPSK modulation, and the phase of the symbol computed by the
computer {30} when the posterior symbol is the first symbol of the time
interval with n/4DGQPSK modulation.

The result is that the frame oblained with the emitier of the invention
includes a first time interval and a second time interval which follows the first
time interval, the first and second time intervals being defined by the first
GFEK modulation and the second »/4DQPSK modulation respectively. Also,
the phase of a last constellation symbo! from the first interval with GFSK
modulation coincides with a phase of a consteilation symbol of the
#/4DOPSK modulation.

It should be noted that the GFSK modulator {28) and the w/4DOPSK
modulator {26} include respective filters, Gaussian for example, and a raised
cosing root, with different temporal delays between them. In order to avoid
this delay difference, a single filter can be used at the emitter output in figure
4, without integrating fillers in the modulators (28 and 25). On the other
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hand, if filters are used on the modulators (28 and 25}, a fixed delay is
assigned to the signal received when it is directed to the symbol association
unit (22).

The receiver, according to the invention, is shown in figure 5. it .

includes a demultiplexor (40), a control unit (41}, a GFSK demodulator (42},
two multiplexors {43 and 44) and a w/4DOPSK demodulator (50). The
demodulator {80} includes a delay line (45) a = phase shifter (48}, a
multiplier {48} and a dslector {47}. The control unit {41} assigns a control
signal to the demultiplexor {40} in such a way hat the framse, according to the
invention, which is received is selectively and altematively assigned to the
modulators (42 and 850). The control unit {41} assigns this control signal to
the demultiplexor on the basis of the format of the frame in such a way that
the first time interval with GFSK modulation is assigned to the demodulator
(42), and that the second time interval, with n/4DQPSK modulation is
assigned to the demodulator (50). For this reason the control unit {41) is
synchronised using bits produced at the demodulator {42} output.

Noting &"n, the nth symbol of the x/4DQPSK modulation, it follows
that, through the link including the delay lins (45}, the phase shifterr {48) and
the multiplier (48), the output of the muitiplier (48) produces a signal e™n
representative of the phase shift between the previcus range symbol {n-1)
and the current range symbol (n). The detector (47) produces a sequence of
bits on the basis of the phase shifting signal e¥n. According to the invention,
for a first symbol of the second time interval, the control unit {41) selects the
signal assigned 1o the GFSK demodulator input, for placing the initial values
of the demodulator (50) phase, in the phase of 2 last symbol received in the
first time interval. For this reason, the control unit {41) selects, through the
multiplexar {44), the signal assignad to the demodulator (42} in order {0
assign i to the phase shifter (46} when the last symbol of the first time
interval is assigned to the said demodulator {42). After the first symbol of the
second fime interval, that is for all the other symbols of the second time
interval, the delay line (45) output is assigned to the phase shifter (48) input.
Thus the initialisation phase of the demedulator (50) corresponds to the
phase of the last symbol received by the demodulator {42).

in the case where the placing in module comrespondence of the two
modulalions is necessary, a gain control circuit can be used with a
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predefined gain value which is a function of the known modules of the two
modulations and which reguiates the modules of one of the itwo
consiellations, in order that that constsliation coincides with the other
modulation. This gain control circuit is placed in the correspending
demodulation chain.

Rembrandt Wireless

Ex. 2012

Apple Inc. v. Rembrandt Wireless Technologies, LP, IPR2020-00033

Page 2072

IPR2020-00036 Page 02072

DEFD002417



10

15

20

Lok
Lh

CA B2236686 1598-05-~28

CLAIMS
1 - Multi-modulation frame, including at Isast a first time interval (1)

and a second time interval {2} which follows the said first time interval {1},
the first and second time intervals {1 and 2} being defined by first and
second modulations respectively, characterised in that a last symbol of the
first time interval constellation with the first modulation coincides in phase
and amplitude with a symbol from the second modulation.

2 - Multi-modulation frame, according to claim 1, characterised in that
the said first modulation is a GFSK modulation, and the said second
modulation is a n/4DQPSK modulation.

3 - Emitter tor producing a frame, according to claim 1, characterised
in that It includes first and second modulation means (26 and 28} for the
rmodulating data according to the first and second modulations respectively,
and means (29,30,31} for placing in the initial phase values of the said
second modulation means (28}, for a first symbol of the second time interval,
the phase of a last symbol produced by the said first modulation means (28}
in the said first time interval (1),

4 - Emitter, according to claim 3, for producing a frame according 1o
claim 2, characterised in that the said means for placing in the initial values
inchuda: .

- means (30} tor computing of the phase of the last symbol of the
GFSK modulation, in the first time interval (1},

- means {29 and 30} for selectively selecting, during the second time
interval:

the phase of the previous symbol of the w/4DOPSK modulation when
the posterior symbol is not the first symbol of the sald #/4DOPSK modulation
in the first time interval (1), and

the phase of the computed symbol, when the posterior symbol is the
first symbol of the said n/4DOPEK modulation,

with the aim of computing a »/4DQPSK modulation symbol.

5 - Receiver for receiving a frame according to claim 1, characterised
in that it includes first and second demodulation means (42 and 50) for the
demodulation of modulated data, according {0 the said first and second
modulations respectively, and means (41 and 44) for placing in the initial
phase values of the said second demodulation means (50}, for a first symbol
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2

of the second time interval {2), the phase of a last symbol received by the
said first demodulation means (28) in the first time interval {1).

& - Receiver according to claim 5, characterised in that it includes
gain control means. : : ;

7 - Unit of a radio-communications system with the mcbiles including
an amitter according to ciaim 3.

8 - Unit of a radio-communications system with the mobiles including
a receiver according to claim 5.
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Description

{0061} This invention relates to an instaflation for
fransmitting modulated data and aural information and

fion, such as aural information or modulated data, which
is being transmitted. This has interrupted the transmis-
sion of information such as aural information or modu-

lzted data through the transmission fines.

o a receiver for responding in transmitied aural infor- 5 [BO07]  Ancther difficuity which is progressively been
mation and moduiated data, where the informatien is 1a- encountared is that the communication to determine the
velled to represent aural information or meduiated data type of information being fransmitted has required that
and. if moduiated data, to represent the characteristics the differentiypes of information {stch as sural informa-
of such modulated daia and whether the aural infcrma- tion and modulated data) be transmit on different lines.
tion has been transformed inte digital format and the ¢ This has resulied in the dupiication of charges for trans-
modulated data has been processed, mitting the different types of information between a
{80827 From US-A-4,805,208 a bit compression sys- ransimitting location and a receiving location.
tem for a telephone modem utilising differential phase {0008} It is the object of the invention to provide an
shift modulation of a low-frequency fone carrier to trans- instatiation for transmitting modulated data and aural in-
mif dibit or tribit values is known. The modem compres- 7% formation and a receiver for resgonding to such type of
slon system tribit extracts the Gibit or vaiues from digital signals inwhich the aurai information andmodulated da-
sampies of the tfene carrier and transmils assembled da- ia are transmitted without any communication between
12 bils in a2 data-siream containing solely the data bits the fransceiver system and the source of the aural in-
encoded by the modem. Al the receiving end, a modem formation or the modulated data to interrupt the trans-
decomnpressor reconstructs the digitised samples ofthe 20 mission of the aural information or modulated data.
{one cairier using the dibit or tricif values. f00093 This object is aliained by the fealtires of claim
{0003} US-A-4.8786,696 discloses a fransmission sys- 1 and 9, respectively.
tern {or transmilling mederm signals. or muiti-frequency f00107 By this invention, an instaliation is provided
signals togsether with speach signals over the same dig- which overcomes the inadeguacies specilied above.
ital fransmission line. The system includes atransmitier 25 The transmitter process for the transmission of different
which has a first coder that efficiently encodes a speech types of information, such as aural information (veice or
signal to produce a first coded output, a detector for de- music), which may e made through a single transmis-
fecting a multi-frequency sigral or modem signal, a sec- sion line. The receiver also determines, on atransparent
ond encoder which produces a second coded outpul basis, the particular type of information being transmit-
from the multi-frequency signal or modem signal, anda 80 ted through the line at any instant and provides for a
scleotor for selecting cither the first or second codod proecessing of this information in sccordance with the
sutput in response to the output of the detector. The sys- type of information (aural information or modulated da-
tems also includes a receiver which has a separator for ta) being processed. The system in total is transparent,
separating the received signal into the first and second because it provides this determinafion transmission
coded outputs, a first deceoder for decoding the firstcod- 85 without interrupting the transmission of the information
ed output and a second decoder for decoding the sec- from the information sources.
ond coded output, [0011}  in one embodiment of the invention, aural in-
{6084 GB-A-2,067,877 shows & digital telephone formation {such as voice or music) and modulated data
subscriter station in a digital telecommunications net- {such ag the end of the new intreductory portion of the
work having analogue facsimile fransmission device 40  specification) as facsimile or modem) informaticn are
connected via a digital modem to a multiplexer/demui- converfed at a transmitier from analog to digital form.
liplexer for combining or separating fransmitted or re- The rmodulated data has an individual one of a plurality
ceived subsidiary channels. One of the fwo subsidiary of different baud rates. A controller separately identifies
channeis carries {elephone sighals and the other carries the digitized aural information and modulated data and,
facsimile transmission signals. 45 if modulated data, identifies the baud rate of such mod-
{005} There is an ever increasing use of transmis- ulated data. The aural information is segarately trans-
slen lines for the fransmission and reception of inferma- formed {as by digital signal processing). For modulated
tion in various forms. Transmission fines have beaen data, the information is separaiely processed in accord-
used to fransmit aural information (such as voice or rmu- arce with the difterent baud rafes.
sic) for many years. Transmission lines have more re- 50 3012} The individual ones of encoded aural informa-
cently been used fo transmit and receive modulated da- fion and modulated deta are then introduced to a com-
{a such as modem data and facsimile images. mon fine for packetizing. The beginning of each packe!
{00087 With the proliferation of the different kinds of is labelled o identify whether the packet confains aural
information transmitted and received through the trans- infermation (such as music or voice) or modulated data
mission knes, it has become progressively difficult to 55 {such as modem or facsimile information) and, #f modu-
process this information. For instance, apparatus has lated data, the particuiar baud rate of such information.
had o be provided for communicating with the inferma- Anindividual code identities the end of each packet. The
ticn sources to determine the particular type of informa- packetized information is then multiplexed in a common
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bus with other packetized aural information and modu-
lated data.

{0013} At a receiver connected o the common bus,
the multiplexed information is separaied info the differ-

tion fo the aural/modulated data moduie 104, Although
facsinmile information is shown specifically in Figure 1

the dala information may be any tyee of medulated data
asshownat 110 and 128 includingfacsimile information,

ent packets. The packetized information representing 5  modulated synchronous data, modulated asynchronous
individual ones of aural information {(such as music or data and modulated data from local area naetworks, Fur-
voice) and modulated data (such as modem or facsimile thermore, although the sources 102, 110 and 128 are
information) is separated, in accordance with the packet shown separately in Figure 1, it will be appreciated that
labels, into aural and modulated data lines and, if mod- aural inforration {such as voice or music) and modutat-
ulated daia, isintroducedto an individual one of different 10 eod data {such as modem or facsimile) may be obtained
modulators each operative at an individual one cf the from a single source intreduced to the aural/modulated
different baud rates. The aural information is then trans- data module 104 aver a cormmon line,
formed substantially to its original form at the transmitter {0018} The aural/modulated data module 104 con-
and the facsimile information is separately processed in veris the analog information (such as veice, music, mo-
accorcance with its baud rate. 15 dem and facsimile) into a digital form schematically -
{00141  inthe drawings: ustrated at 116. A packetizer 118 then groduces pack-
efs 120 of the digital information. The packets 120'%f the
Figure 1 is a diagram schematically llustrating a digital infarmation are introduced fo a multiplexer 122
system for processing information such as aural in- which also receives packeis of information from other
formation and modulated data and schematically ii- 20 packefizers, {e.g. packetizer 124) as from other sources
lustrating where the sub-sysiems of thig invention 125 of data or afternatively irom a digitized aural sourece.
fit in such a system; A modem 128 receives the information from another
Figure 2 is a block diagram schematioally illustrat- source such as a personal computer 126 and introduces
ing the construction of an embodiment of a trans- such informationto the module 104 for processing. Hwill
mitter inciuded in the sub-system of this invention 25 be appreciatedthatthe personal compuier 128 is shown
for transmitting ditferent types of information, such only schematically and that the modem 128 rmay receive
as aural inforrmation and medulated data, threugh a digital information from a number of different types of
common transmission line; sources such as a data terminal, a data muitiplexer or
Figure 3 is a block diagrara schernatically illustrat- a local area network, For example, the informaticn in-
ing in further detfail the construction of equipment 80 troduced to the modem 128 may be digitized aural in-
included in the ecmbodiment of Figure 2 for process- formation, demodulated facsimile information, synehrs-
ing modulated data; nous data, asynchronous dafa and data from iocal area
Figure 4 is a schematic view of & packet of informa- networks.
fion transmitted through the commeon transmission 0177 in one embodiment of the invention, a trans-
line by the sub-system shown in Figures 2 and 3; 55  mitter system generally indicated at 10 {Figure 2} is pro-
and vided. The system includes a source 12 of a first type of
Figure 5 is a block diagram schematically Hlustrat- information such as voice or music and a source 14 of
ing the construction of an embodiment of a receiver a second type of informalion such as facsimile or mo-
which is included in the sulb-system of this invention dem. The information from the sources 12 and 14 is in-
and which is cperative upon the signals passing 40 troduced to & codec 18 which may be constructed in a
through the commeon transmission line to recover mannar well known in the arl. Although the sources 12
the different types of information such as aural in- and 14 are shown separately, it will be appreciated thal
formation and modulated data such as facsimile. information such as aurai information and modulated
data may be obtained from a single source introduced
{6015} Figure 1 is ablockdiagram schematicaliy ilius- 45 1o the codec 16 over a carmmon fine.
trating a system for processing information such as au- f6018}] The codec 18 converts analog information
ral information and modulated data and schematically from the sources 12 and 14 te digital information repre-
iustrating where the sub-gystams of this invention fit in sentative of such analog information. The digitized in-
such a system. In the system shown in Figure 1, aural formation then passes through a switch 18 {0 a discrim-
information (such as voice or music) in analog form 50 inator 2Q. it will be appreciated that the analog informa-
{achematically illustrated at 100} is introduced from a tion may firsi pass through the switch and then be con-
scurce of aural informatien 102 {such as a telegheng) verted {o digital information without departing from the
to an aural/modulated data module 104 inciuded in the sonpe of the invention.
sub-systern of this invention. Informaticn on a sheet of 0018} The discriminator 20 operates to identify differ-
paper 108 is processed into digital form (schematically 55  enttypes of information such as aural information and
ittustrated at 108) as by a facsimile machine 118, Amo- modulated data. For example, one way of distinguishing
dem 112 in the facsimile machine 110 converis the dig- between aural information such as voice and modulate
ital information 108 te an analog form 114 for introduc- data such as facsimile is onthe basis of variations in the
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frequercy of the signals representing the aural informa-
ticn. For example, voice information has a variable fre-
guenecy {such as between 300 heitz and 2000 heriz) de-
pendent ugon the pitch of the spoken word. The piich of

5 EP 0§ 496 427 BY 8

iator 24 {shown in broken lines in Figure 2). As will be
seen, the demoduliator 24 includes three (3) demodula-
fors 26, 28 and 30. The dermodulator 26 provides fac-
simile signals at baud rates of 2400 symbols/second

aperson’svoice varies considerably even inthe spoken 5 (buf with alternative bit rafes of 98600/sec. and
word depending upon such factors as the speaker's 7200/sen). The demoduiator 28 altematively provides
ernoticns. On the other hand, facsimile information is facsimile signals at baud rates of 1600 symbols/sec.
provided at one of a plurality of constant baud ratas. {4800 bits per second) and 1200 symbois/aec. (2400
{6020} Signals pass from the discriminator 24 to the bits persecond). The demoduiator 2 provides facsimile
switch 18 {Figure 2} fo direct the swilch to pass the sig- 10 signals al 2 baud rate of 300 symbols/sec. {with a bit
nals coming in o the switch either 1o a fransformer 22 rate of 300/sec.}). Although the demodulators 28, 28 and
of auralinformation or to demodulator equipment 24 de- 30 are shown in Figure 3 as separale unils, different de-
pending ugon whether the in-coming signals have a var- moduiator functions such as those pericrmed by the de-
iable frequency or a constant frequency. The transform- moduiators 28, 28 and 30 may be performed in a singie
er 22 transforms the aural signals (such as by digital sig- 78 unit.
nal processing) in a manner well known in the art. {0024} The discriminator 20 seleclively activaies indi-
{6021} Altheugh the modulated data signals have a vidual enes of the demodulators 26, 28 and 30 in ac-
constant baud rate, this baud rate may be different for cordancs with the bandwidth of the data and the infor-
different types of moduiators such as those used in fac- mation represented by the encoding P2. For example,
simile equipment. For example, afirsttype of modutater 20 the demodutator 30 has a narrow bandwidth. When the
may provide binary bits at a rate of ninely six hundred discriminator 20 detects a narrow bandwidth, i activates
per second (8800/sec ) or at a baud rate of twenty four only the demoduiator 30. When the demoduiator 26 is
hundred {2400/ses.}, assuming four {4} bils in 2ach ctivated in accordance with the encoding {or preambie)
symiol. Alternatively, the first type of modulalor may P2. the discriminator 20 selecis the baud rale of
provide binary bits at a rate of seventy two hundred per 28 240(/sec. on the basis of either 4 bits per baud or 3 bits
second (7200/sec.) or twenly four hundred paud per baud. When the demeoedulator 24 is activated in ac-
{2400/sec), assuming three {3} biis per symbel. A sec- cordance with the encoding {or preamble) P2, the dis-
ond type of modulator may provide binary bits at a rate criminator 20 selects between the baud rates of
of forty eight hundred per second (4800/sec ) or sixieen 1800/sec. and 1200/sec. The enceding (or preambis)
hundred baud (1800/sec.) with three (3} bits persymbol. 80 P2 is well known in the art.
Allernatively, the sccond modulator may provide binary f00258}] The derodulalor 24 also provides angther im-
bits at a rate of twenty four hundred per second portant function. it converts the 8 kiloheriz sample rate
{2400/sec.} or twelve hundred paud (1200/3e¢.) with two of the codec to a sample rate which constitutes an inte-
{2} bils per symbeal. A third type of meduiator may pro- gral multiple of each of the baud rates from the demod-
vide bits at a rale of three hundred perseceond {300/sec.) 35 ulators 26, 28 and 30. For example, the demodulater 26
or three hundred baud {300/sec.) with one (1} bit per operates at & sample rate of 7.2 kiloheriz; the demodi-
symbol. iztor 28 operates at 3 sampie rate of 4.8 kilchertz; and
{0022F inadditiontodetermining onthe basisofacon- the demodulaior 30 operales al a sample rate of 2.4 kil-
stantirequencythatthe information is from, forexample, ohertz. The sampling rate of various types of demodu-
facsimile equipment, the discriminator 26 (Figure 2Y de- 40 {ators is between 2.4 and 7.2 kiloheriz.
terminas the paud rate of the facsimile signals, partiy on {0026} The discriminator 20 is able to provide the dis-
the basis of bandwidih, o identify the particular type of crimination discussed above in a minimal paried of time.,
modulater being used by the facsimile. For example, For example, the discriminator 20 is able to provide this
since the bandwidth of the third medulator {300 binary discrimination in a time no greater than one hundred
bits/second) is refatively narrow, the diseriminator s 45 {100 milliseconds. Inthis way, the discriminator 20 does
able to identify data at 300 binary bits/second on the netimpede the transmission of information, whether au-
basis of this narrow bandwidih. The discriminator 20 is ral information or modulated data, between the lrans-
able fo identify data at the other baud rates on the basis mifter 10 and the receivar 80 shown in Figure 5. Fur-
of encodings which are included in such facsimiie data thermore, the discriminator 20, the transformer 22 of au-
and which ideniify the different baud rates. These en- %0 ralinformation and the demodulator 24 operate without
codings are known in the art as "P2" or pericd iwo, an interrupting the operation of the scurce 12 of aural in-
alternating patiern. The discriminaior 20 then activaies formation and the source 14 of modulated data.
the demodulator 24 o provide signals at the proper rate. [6027} The sigrals from the iransformer 22 of aural
The demodulator 24 then processas the signals in ac- infermation and the demodulator 24 pass through a
cordance with the identification from the discriminator 55 summer 32 (Figure 2) and a common line %4 to a pack-
20, otizer 36. The packetizer 38 corresgonds {0 the pack-
{6023} Figure 3 illustrates in additional detall the rela- etizer 118 in Figure 1. The summer 34, the discriminator
ticnship between the discriminator 20 and the demoedu- 20, the transformer 22 of aural information, the demed-
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ulator 24 and the codec 18 may be considered fo ba
included in the aural/modulated data medule 104 of Fig-
ure 1 as indicated in broken lines in Figure 2.

{8028} The packetizer 36 converts the signals into

mutltiplexar 62 also pass through 2 line 85 to a depack-
etizer (not shown) which depacketizes the packets from
the packetizer 124 in Figure 1.

{33323 The resuits of the iabel detection by the de-

time-spaced packets of information. The packelizing of 5 packetizer 64 are intreducedio acontroller 86 which op-
information is well known in the ar. A typical packet [ erates 1o gctivate a transformer of aural information 88
generally indicated at 40 in Figure 4. As shown, s packet if the information in the pacxet 40 is aural information.
40 consists of 3 seguence of bytes each formed from a The transtormer &3 then transforms the information in
plurality of bits such as eight {8) bits. Each byle isshown the packet 40 (a5 by digital signal processing). The con-
schematically in Figure 4 by a different horizontal area. 10 siruction of the iransformer 88 is well Known in the art.
Bytes 40z, 400 and 40c¢ are illustratively shown sche- if the information in the packet 46 is demoduiated data,
matically in Figure 4. The bits in 2ach byle are passed the controller 88 activates a modulater 70 which proc-
sequentially by the packetizer 38 and each successive esses the demodulated data. The modulator 70 pro-
byte is then passed sequentially. For example, the bits vides this processing by interpreting the modem type
inbyie 40a are passed sequentially thenthe bitsinbyte 79 contained in the packe! head and by then processing
406 and thereafter the bits in byte 40¢. the demodulaied data at the particular baud rate and bit
{8028} Thebeginning of each packet 44 of information rate in the packet 40 in accerdance with such interpre-
is defined by 8 label 42 (shown schematically as 3 hor- tation.
izontal area in Figure 4). The label 42 is provided with {00331 The signals from the transformer 88 and the
a binary code to identify whether the information inthe 20  modulator 70 are introduced to a summer 71 which in-
packet 40 is aural infermation or medulated data and, if troduces the signais 1o a commen ling 72. The signals
medulated data, fo identify the particular modulator then pass to & codec 74 which may be constructed in a
used andthe particularone of the alternatives in the par- conventional manner. The codec 74 converts the sig-
ticular modulator if the modulator has two (2) alterna- nails from digital to analog form to obiain a recovery of
tives. The packet 40 has acode 43 atthe endioidentify 28  the original information at the transmitter 10 (Figure 2.
the end of the packet. The transformer aural information 88, the controller 68,
{80307 The packets of information from the packetizer the modulator 70, the summer 71 and the codec 74 may
36 pass through a line 44 (Figure 2} to a multiplexer 48 be included in the aural/modulated data module 104 of
corresponding 1o the multiplexer 122 in Figure 1. The Figure 1 as indicated in broken lines in Figure &.
multiplexer receives packets of signalsthrough a line 48 20 00341 The apparstus described above has certain
from another source of information such as 3 source of important advantages. it deteots whether information
data or of fransformed aural information. The data may being transmitted is aural information {such as voice or
be demodulated facsimile, synchronous data, asyn- music) or moduiated data (such as facsimile or modem)
chronous data ¢r dafa from & iocal arga netwerk, The and, if moduiated data, the particular baud and bit rale
multiclexer 48 sequentially passes signais to a trans- 85 of the modulated data. The apparalus then separately
mission line 50 on a time-shating basis from the lines transforms (as by gigital signal processing) the aural in-
44 ard 48, it will be appreciated that signals from a formation and separafely processes the moduiated data
number of different information socurces {whether aural in accordance with the baud rate ¢of the modulated dats.
information or modulated data) may be introduced in The apparatus provides such detection and processing
packets through lines (corespondingtothe lines 44 and 40 without interrupting the generation of the aural informa-
48) to the multivlexer 46 for passage on a time-gharing tion and/or modulated data by the sources for such in-
basis through the transmission line 50, formation. The apparatus s further advantageous inthat
{0031} Figure S illustrates a system, generally indicat- it provides for the transmission of the transformed aural
a0 at 60, for receiving, decoding and restoring the infor- information and the processsd modulated data through
mation such as aural information (e.g. voice or music) 45 a single transmission line.
and moduiated data (e.g. facsimile or modem). The sys- {0035} The apparatus conslituting this invention is al-
tem 60 receives the packets, inciuding the packets 40 so advantageous in that it converis the modulated data
of information passing through the fransmission line 50 in rales constituting an integral multiple of the differant
and includes & stage 62 for channeling the different baud rates, constituling an integral multiple of the differ-
packeis 40 to different routes corresponding to the lines 50 ent baud rates. Ancther significant advantage of the ap-
44 and 48 in Figure 2. The siage 82 may e constructed peratus constituting this invention is that it provides
in a conventional manner. The signais packetized by the packets of the transmitied information and labels each
packetizer 36 in Figure 2 pass from the de-mulliplexer packet to identify whether the packet contains trans-
62 through a line 63 to 2 depacketizer 84 which detects formed aural information {such as voice or music) or
the label 42 in the packet 40 (Figure 4) to identify wheth- 55  processed modulated data (such as modem or facsim-
er the information in the packet is aural information or ile) and, if processed modulated deta, the baud and bi-
modulated dafa and, if modulated data such as facsim- nary bit rate of such processed moculaied data.
ile, to identify the baud rate. The signals frem the de- [3038] The receiver of this invention alsc has ceriain

Rembrandt Wireless

Ex. 2012 8

Apple Inc. v. Rembrandt Wireless Technologies, LP IPR2020-00OBSIPRZOZO'O0036 Page 02081

) )

Page 2081
DEFGOGOSE0



9 EP 0 496 427 B 10

imporiant advantages. For example, il raceives the
packetized information on the single fransmission line
and identifies, from the labe! in each packet, whether
the infomation in the packet is digitized aural informa-

modulated data information.

2. Aninstallation as setf forth in claim 1, wherein:

tion or modulated daia and, i modulated deta. the par- 8 the modulated data information is provided by

ticuiar baud and bit rate of such modulated data. The a data source {14},

apparatus is further advantageous in separafely trans-

forming (as by digital signal processing) the aural infor- the aurs! information is provided by an aural in-

mation in accordance with such identification and in forrnation source (12); and

processing the demodulated data in accordance with 10

the baud and bit rate of such information. The apparatus the controlier means {20} is responsive to the

is also advaniageous in that it restores the processed meduiated data information and o the aural in-

meodulated data (o its original form and the transformed formation, without interrupting the operation of
aural informaticn to supstantially s original form. the daia source (14} for providing the modutat-

{3037} Although this invention has been disciosed 79 ed data information and of the aural information

and illustrated with reference to particuiar embpodi- source {12} for providing the aural information.

merts, the principles involved are susceptible for use in

numerous other embodiments which will be appareni o 3. Aninstallation as set forth in claim 1 or 2, wherein

persons skilled in the arl. The inventicon is, therefore, to the controlier means {20) is operative to identily the

be limited only as indicated by the scope of the append- 20 aural information oy a varacle frequency and to

ad claims. identify the moduiated data information by one of a

plurality of constant frequencies and is operative to
inentify the characteristics of the modulated data in-

Claims formation,

1. An installation for transmitling modulated data in- 4. An instaliation as set forth In claim 1, further corm-
formation and aural information included in a signal prising a common line (34,44 50} for transmitting
infroduced thersto, the transformed aural information and the proc-
characterized by: essed modulated data information, wherein:

30
controllor means (203 responsive to the modu- the packetizer means {38) is conneocted 1o a
iated data information and to the aural informa- part (34} of the cornmen line for receiving un-
tion for identifying whether the infroduced sig- packetized and uniabelied transiormed aural
natinciudes aural information or modulated da- information and processed modulaied data in-
ta information and, if modulated data informa- 35 formation; and
tion, the characteristics of such modulated data
information; the packetizer means (38) is connected t¢ an-
other part (44 of the common ling for transmit-
first means {22) cperatively coupled to the con- ling packstized and labelled individual cnes of
trolier means (20} for transforming the auralin- 40 the transformed aural information and the proc-
formation; essed modulated data inforrmation.
second means (24) operatively coupled to the 5. Aninstaliation as set forth in claim 1, wherein:
controllar means {20) for processing the mod-
ulated data information in accordance with its 45 the packetizer means (38) includes first pack-
characteristios; and etizer means (118} for preducing time-spaced
packels of the transformed aural information
packetizer means (36} andthe processed modulaled dala information,
for packetizing individual ones of the trans- 50 the installation further comprising:
formed aural information and the proc-
essed modulaied data information; and secend packetizer means {124) for produc-
ing time-spaced packets of aural informa-
for labelling the resuliing pacKetized infor- tion or moduiated data information provid-
mation to identify whether such packetized 55 ed by another source {125); and

information is aural information or modulai-
ed data information and, if modulated data
information, the characteristics of such

multiplexer means {122) operative to mulk
tiplex between the time-spaced packets
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from the first packetizer means (118} and converfed from an analogue form to a digital form
the second packetizer means (124). before tranamission to the receiver,
)

8. An installation as set forth in any of claims 1-5,

the receivear further comprising fifth means (74) for
restoring the aural information and the modulate

wherein: 5 date information from the digital form 1o the ana-
lngue form.
the moduiated data information includes fac-
simiie information, the facsimiie information A receiver as set forth in claim 8, wherein:
having different baud and oit rates;

10 the modulated data information includes fac-
the conirolier means (20} is cperative to idantify simile information, the facsimile information
the facsimile information and the different baud having different baud and bit rates;
and bit rates of such facsimile information; and

the labelling identifies the cifferent baud and bit
the packetizer means (36} is operative to iabel 78 rates of the facsimile information; and
the facsimile informaticn and the baud and bit
rates of facsimile information. the fourth means {70) is responsive to the dif-
ferent baud and kit rates of the fassimile infor-
A receiver for receiving aural information and mod- mation {o recover the facsimile information.
uiated data information transmitted on a conwnen 20
line whers the information is in packets, where the 10. A receiver as set forth in claim 8, wherein:
information is labelled to indicate the presence of
aural information or moduiated data information the aural and the facsimile information are con-
and, if modulated data information, o indicate the veriad from an analogue form to a digital fram
presence of the characteristics of such modulated 25 before fransmissior; and
data information, and where the aural information
has been transformed and the modulated data in- the fifth means (74} restores the recoverad au-
formation has been processed, ral and facsimile information from the digital
characterized by: form to the analogue form.

30
first means (84) for depasketizing the received
transformed aural information and the received Patentanspriiche
processed moduiated date information;

Einrichtung zum Uberiragen von modulisrten Da-
second means (86} for detecting the labelling 35 feninformationen und Teninformationen, die in ei-
of the depacketized information to identify nem in sie eingeleiielen Signal enthalten sind,
whether the depacketized information is aural gekennzeichnet durch:
infermation or modulated data information and, eine Steuereinrichtung (20}, die auf die modulierien
if modulated data information, the characteris- Daterinformationen und die Toninformationen an-
tics of such modulated data information, 40 sprichi und bestimmi, ob das eingeleitete Signal

Teninformationen eder modulierte Dateninformatio-
third means (88} for eperaling upon the trans- nen enthalt, und, im Fall vor Dateninformationen,
formed aural information o recover the aural die Eigenschafien dieser modulierten Dateninfor-
information before fransformation; and mationen bestimmi:

45
fourth means (70} for operating upon the proe- eine ersie Einrichtung {22}, die funkiioneil mit
essed modulated data information to recover der Steuereinrichtung (20) verbunden ist, um
the moduiates data  information  before die Toninformationen umzuwandain;
processing, &ine zweile Einrichiung (24), die funkticneil mit

50 der Steuereinrichtung (20} verbunden ist, um

wherein the second means {88) activates the third die medulierten Dateninformationen entspre-
means (88) and the fourth means (70}, in accord- chend ihren Eigenschafien zu verarbeiten; und
ance with the detection of the labelling to obtain re- eine Paketiereinrichiung (36), die:

covery of the aural information and the modulated

data information. 55 einzeine der umgewandeiten Toninforma-

A receiver as setforth in claim 7, wherein the aural
information and the modulated data information are

tionen und der verarceiteien modulierien
Dateninformationen paketiert; und
die entsichenden paketierten Informatio-
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nen etikattiert, um anzugeben, ob s sich
bei diesen paketierten informationen um
Toninformationen oder medulierie Daten-
informationen handelt, und, im Fall von
rnodulietten Dateninformationen, die Ei-
genschaften dieser modulierten Datenin-
formaticnen anzugeben

2. Einrichtung nach Anspruch 1, wobei:

die modulierien Dateninformationen durch gine
Datenguelie (14) bereiigesielt werden;

die Teninformationen durch eine Teninformati-
onsquelle {12) bereitgestellt werden; und

die Steuereinrichtung (20} auf die modulierten
Diateninformationen und die Toninformationen
anspricht, ohne die Funktion der Datenquelle
{14), die die modulierten Dateninformationen
bereitstelif, und der Toninformationsquelie
{12), die die Toninformationen bereitstelif, zu
unterbrechen.

3. Einrichtung nach Anspruch 1 oder 2, webel die
Steusreinrichiung {20} die Toninformationen an-
hand einer verdnderlichen Frequenz identifiziert
und die modulierien Dateninfermationen anhand ei-
ner Vielzahl konstanter Freguenzen identifiziert und
die Eigenschaften der modulierten Dateninforma-
fionen ideniifiziort.

4. Einrichtungnach Anspruch 1, die des Weiteren eine
gemeinsame Leitung (34, 44, 50} zum Senden der
umgewandeiten Toninformationen und der verar-
beiteten modulierten Dateninformationen umfasst,
wobel:

dig Paketiersinrichtung (38) mit einem Teil {34)
der gemeinsamen Leitung verbunden ist, um
nicht paketierte und nicht etikettierte umgewan-
delte Teninformationen und verarbeitele maodu-
lierte Dateninformationen zu empfangen; und

die Paketiereinrichtung {28) mit einem anderen
Tell (44} der gemeinsamen Leliung vercunden
ist, um einzelne paketierfe und etikettierte der
umgewandelien Toninformationen und der ver-
arbeitsten modulierien Dateninformationen zu
senden.

8, Einrichtung nach Anspruch 1, wobel:
die Paketiereinrichtung (36) eine erste Paketiersin-
richtung {118} enthilt, die zeitlich beabsiandeate Pa-
kete der umgewandsiten Toninformationen und der
verarpeiieten moduiierten Dateninformationen er-
zeugt,
wobei die Einrichtung des Welteren umfasst:
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aing zweite Paketiersinrichiung (124), die zeit-
lich beabstandets Pakete von Toninformatic-
nen oder modulierien Dateninformationen er-
zeugt, die von einer anderen Queille (125} be-
reitgestelit werden; und

eine Multiplexiereinrichiung (122}, die zwi-
schen den zeitlich beabstandsten Paksten von
der ersten Paketiereinrichtung {118) und der
7weiten Paketiereinrichtung {124} mullipiexiert.

8.  Einrichiung nach einem der Anspriiche 1 - 5, wabel:

die modutierien Dateninformationen Fax-infor-
mationen enthalten, wobei die Fax-infermatic-
nen unterschiediiche Baud- und Bit-Raten ha-
ben;

[e

ie Steuereinrichtung (20), die Fax-Infoermatio-
nen und die unterachiedlichen Baud- und Bit-
Raien dieser Fax-informationen identifiziert;
und

die Paketiersinrichlung {38), die Fax-informa-
tionen sowie die Baud- und Bit-Raten der Fax-
Informationen etikettiort.

Empfénger zum Empfangen von Toninformationen
und modulierten Dateninformationen, die auf einer
gemeinsamen Leitung gesendet werdan, wobei die
Informationen in Pakelon verliegen, und weobci dic
Informationen etikettiert sind, um das Vorbanden-
seinvon Teninfermationen oder modulierten Daten-
informationen anzuzeigen, und im Fall ven modu-
lierten Dateninformationen, das Vorhandensein der
Eigenschaften dieser meduiierter Dateninformatic-
nen anzuzeigen, und wobel die Toninformationen
umgewandelt worden sind und die modutierien Da-
teninformationen verarpeitet worden sind,
gekennzeichnet durch:

eine erste Einrichtung (84}, die die empfange-
nen umgewsandelfen Toninformationen und die
empfangenen verarbeitsten modulierten Da-
teninformationen enipaketiert;

eine zweile kinrichtung (86}, die die Eiiketiia-
rung der enipakstierten Informationen erfasst,
um zu bestimmen, ob es sich bel den entpake-
tierten informationen unm Toninformationen
oder modulierie Dateninformationen handelt,
und im Fali von modulierfen Dateninformatio-
nen, die Elgenschaften dieser medulierten Da-
teninformationen zu bestimmen,

gine dritie Einrichtung {(88), die auf die umge-
wandelten Toninformationen einwirkt, um die
Toninformationen vor der Umwandlung wieder-
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zugawinnen; und

eing vierte Einrichiung (703, die auf dis verar-
beiteten modulierten Dateninformationen ein-
wirkt, um die modulierten Dateninformationen 2
vor der Verarbeitung wiederzugewinnen,

wobel die zweite Einrichiung {86) die dritie Einrich-
tung (68) und die vierte Einrichtung {70} entspre-
chend der Crfassung der Elikettierung aktiviert, um 10
die Wiedergewinnung der Toninformationen und
der modulierien Daleninformationen auszufithren.

8. Empfénger nach Anspruch 7. wobei die Toninfor-
maficnen und die modulierten Dateninformationen 78
vor dem Senden zu dem Empiénger aus einer ana-
legen Form in eine digitale Form umgewandell wer-
den,
der Empfanger des Weiteren eine flinfle Einrich-
tung (74) urnfasst, die die Toninformationen und die 20
moduilerien Dateninformationen aug der digiialen

orm wieder in die analoge Form bringt.

8. Emplénger nach Anspruch 8, wobei:

2% @2
die modulierten Dateninformationen Fax-infor-
mationen enthalfen und die Fax-informationen
unterschiediiche Baud- und Bit-Raten haben;

die Elikettierung die Baud- und Bit-Raten der 30
Fax-Informationen angibt: und

die vierte Einrichtung (70} auf die unterschied-
fichen Baud- und Bitraten der Fax-informatic-

nen ansprichi, um die Fax-informationen wie- 35
derzugewinnen.

10. Empfénger nach Anspruch 9, wobei:
die Ton- und die Fax-informationen vor dem 40 3.
Senden aug einer analogen Form in eine digi-
tale Form umgewandelt werden; und
die fiinfte Einrichiung (74) dis wisdergewonne-

nen Ton- und Fax-informationen aus der digi- 45
talen Form wieder in die analoge Form bringl.

Revendications

50
1. Sysiéme pour franametire des données modulées
el des informations audio confenues dans un signal
introduit dans le systéme,
caractériss par:
55

un movyen contrdleur {20} sensibie aux don-
nées moduides st aux informations audio pour
identifier si le signal intreduit comprend des in-

Rembrandt Wireless

Ex. 2012 8
Apple Inc. v. Rembrandt Wireless Technologies
Page 2085

, LP,

EP 0 496 427 B 16

formations audio ou des données modulées et
si ce sont des donndes modulées, les caracté-
rigtigues de telles données moduides,

un premier moyen (22} raccordé de fagon opé-
rationnelle au moyen contrdleur (20) pour
transformer les informations audio,

un second moyen {24) raccerrdé de fagon opé-
rationnelle au moyen caonirdleur (203 pour trai-
ter les données moduiées conformément a
leurs caractéristiques ot

un moyen assembieur de paguets {38)

pour metire en pagquets ies informatiens in-
dividualisées rdsultant des informations
audio transformées et des dennées modu-
lées iraitées ot

peur éliqueter les informations assem-
biées résuitantes pour identifier si de telies
informations assemblées sont des infor-
mations audio ou des donndes moduldes
et, si ce sont des données modulées, ies
caractéristiques de telles données modu-
lées.

Systéme selon la revendication 1 dans lequel :

les donndes modulées sont fcuries par une
source de donndes (14},

les informations audio sont Tournies par une
source d'informations audio (12) ¢t

e moyen contréieur (20) est sensible aux don-
nées modulées et aux informations audio sans
interrompre le fonctionnement de la source de
données {14) fournissant les données modu-
{ées et de la source dinformations audio {12)
fournissant les informations audio.

Systéme seion la revendication 1 ou fa revendica-
tien 2 dans lequet ie moyen contrdleur {20) fonction-
ne pour identifier fes informations audio grace dune
fréquence variable et pour identifier les donndes
modulées grace 3 'ung de leurs multipias fréguen-
ces constantes et fonctionne pour identifier les ca-
ractéristiques des donndes modulées.

Systéme selon la revendicalion 1, corprenant en
oulre Une ligne commune {34, 44, 50) pour trans-
metire les informations audio transfonmées ef les
données modulées traitées, dens leguel:

le moyen assembleur de paquets {38) est rac-
cordé & une partie (34) de Ia ligne commune
pour recevolr des informations audio transfor-
mées et des données medulées traitées, non
assembiées en paquets st non étiquetées &f
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le moyen assembleur de paguels (38) est
cordé a une autre partie (44) de la ligne com-
mune pour transmetire des infermations indivi-
dualisées assemblées en paguels et éligue-
tées a parir des informations audic transfor-
mées et des données modulées traitédes.

§. Sysidme seion la revendication 1, dans lequel :

indiguer la présence des caractéristiques de telies
données modulées, et ol les informations audio ont
&té transformées et ol ies données modulées ont

414 traitées
caractérisé par:

un premier moyen (84} pour désassermbler les
informations audio fransformées regues et les
données modulées traitées recues,

undeuxiéme moyen (88) pour détecter I'étique-
tage des informations césassembiées pour
identifier si les informations désassemblées

e moven assembleur de paguets {36) com- 10 sont des informations audic ou des donndes
prend un premier moyen assembleur de pa- medulées e, sice sont des donndes moduiées,
quets {118} pour produire des paquels espacss les caraciéristiques de telles données modu-
dans le temps & parfir des informations audio iées,
transformées et des données modulées trai- un troisidéme moyen (68) pour cpérer sur les in-
tées, 18 formations audio iransformées afin de réfabiir
{eg informations audio avant transfermation et
fe systéme comprenant en outra un guatriéme rmovyen (78) pour opérer sur les
données moduléss traitées afin de rétabiir les
un second moyen assembleur de paquets données modulées avant traitement,
{124} pour produire des paquets espacés 20
dans le temps a pardir d'informations audic dans leguel le deuxidme moven (68} active ie troi-
ou de données moduiées fournies par une siéme moyen (€8) et le quatrigme moyen {70