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and gener él:sllelt gg :L requency components of which remain substantially invariant with time, and an offset

predlctor connected in parallel with the adaptive-zero predictor, adaptive-pole predictor and fixed-pole
s0 predictor, for receiving the reconstructed difference signal and rejecting an offset component of the input
signals.

The estimate produced by the adaptive predictive filter has extremely high predictive gain and the
quantizing characteristics of modem signals are not degraded. In addition, the invention is well equipped to
cope with DSI by varying the bit rate.
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where F{I(k)} is a value from a constant table that is predetermined according to I(k) and is read according

45 to l(k) from a memory (not shown in the drawing) disposed in the adaptation speed control 18. A
comparison of the values of dms(k) and dy, (k) calculated in this way indicates whether the difference signal
d(k) is a time-varying signal, as in the case of a voice signal, or a signal of which the average amplitude is
substantially invariant over time, as in the case of a voiceband data signal. The value of the linear
combination coefficient (parameter) ai (k) sent from the adaptation speed control 18 to the quantizer scale

50 factor adaptation 17 is successively updated so as to approach a value of "1" if the difference signal d{k) is
a time-varying signal, or a value of "0" if its average amplitude is substantially invariant over time.

The scale factor generated by the quantizer scale factor adaptation 17 is given by the following
formulas:

56 yuk) = (1-27%)y(k) + 25W{I()}  (3)

vek) = (1 - 27%)yp(k-1) + 2%y} (4)
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S determ the form of the | i near conbi natlon of [err] and [err] The
scal e fact is sent to the adaptive quantizer 14 and the 10 inverse

adaptive quaRipreiéied dmbddfneRf & Wi thvehtidR w8 uBstAted Nith Rferétb@RFigg A 48 18.
characteri st Fgs1Mii§ i HIBkP@SGrant @hdwingathb Sodighration! & N v&riabid-Birafel ADEM encoder 50
I econst kdicdcestdity tot thie emBatifiehe Fd aplis ¥ Blo€iididtirdn SHowih§ theScomiglidintdf & &ekiable-bit-rate
di f f er enceAnraynddcodde) {d0)according to this embodiment.
In the encoder 50 in Fig. 1A, reference numeral 51 denotes a PCM input terminal, 52 is a input PCM
format conversion, 53 is a difference signal computation, 54 is an adaptive predictor, 55 is an adaptive
quantizer, 56 is a quantizer scale factor adaptation, 57, 60, 62, and 63 are external input terminals, 58 is a
45 code output terminal, 59 is an inverse adaptive quantizer, and 61 is an adaptation mode controller. The
adaptive predictor 54 comprises a tap coefficients adaptation for adaptive-zero predictor , an adaptive-zero
predictor 65, adders 66, 76, 77, 78, 79, and 82, a tap coefficient adaptation for an adaptation-pole predictor,
an offset predicior 68, external signal input terminals 69, 80, and 81, an adaptive gain controller (I) 70, an
adaptive-pole predictor 71, an adaptive gain controller (ll) 72, a fixed-pole predictor 73, and coefficient
50 circuits 74 and 75.
' In the decoder in Fig. 1B, reference numeral 101 denotes a code input terminal, 102 is an inverse
adaptive quantizer, 103 is an adaptation mode controller, 104 is a quantizer scale factor adaptation, 105 is a
line status diagnostic section, 106 is a reset circuit, 107 is an adaptive predictor, 108 is an output PCM
format conversion, 109 is a synchronous coding adjustment, 110 is a PCM output terminal, and 111 to 115
55 are external input terminals. The adaptive predictor 107 comprises a tap coefficients adaptation 120 for
adaptive-zero predictor, an adaptive-zero predictor 121, adders 122, 132, 133, 134, 135, 138, and 139, a tap
coefficients adaptation 123 for adaptive-pole predictor,an offset predictor 124, external input terminals 125,
136, and 137, an adaptive gain controller (I) 126, an adaptive-pole predictor 127, an adaptive gain controller
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whi ch includes a quantizing error. This signal dq(k) is sent to the
reconstructed signal generator 20 where it is added to the signal estinate
recei ved fromthe adaptive predi EF S 29881 cP‘generate t he reconstructed
signal 15 Sr(k) of the linear PCMsignal [err], and this is sent to the
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guant i zeto gsabratetht diferd@e sigeal dRD 20 uses the scale factor y(k) received from
the scale factor generator 33 and generates the reconstructed difference
si gnal ddkky Skrh8etecdstructed difference signal dq(k) is sent to the
adapt i"we_predi ctor 36 and the reconstructed signal generator 37 and is
added i nThendiffaranee fignal dikt iscpcalodyiacd valyedy it e adapivecuaniiger 55 i dhe ogleifaetar ailkdse (k)
r ecei ved'ereSmhomdhegrapiizenasale, fagtan aderiation 86, 23 showp in ferAwla(@cthensaneeded odheseutpyh |
[err] whf®¥RMWs the reconstructed value of the Input signal Si (k). The
adapti ve regkk@fc; produces this signal estimate Se(k) 26 fromthe
reconstr ®t ef@nce si gnal dq(k) and the reconstructed si gnal Sr (k).
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their internal states al so agr ee The reconst ruct ed si gnal Sr(k) of the

i nput signal [err] (k) is converted by the output PCM format conversion 38
to 30 a [err]-law or A-law PCM code Sp(K). The code Sp(k) is adjusted
using the code | (k), the signal estimate Se- (k), and the scale factor y(k)
so that even if PCM and ADPCM |l inks are interconnected synchronously ,as in
a PCM ADPCM PCM ADPCM i nt er connection, no nore degradati on occurs than
~would occur in the first- stage PCM ADPCM PCM i nt erconnection; then the
code Sp(k) is converted to a [err]-law or A-law PCM code Sd(k) and is
transmtted at a rate of 64-kbit/s fromthe PCM output termnal 40. 36 Best
MoTe A preferred enbodi nent of this invention will be described with '
reference to Figs. 1A and 1 B. Fig. 1A is a block diagram show ng the
configuration of a variable-bit-rate ADPCM encoder 50 40 according to this
enbodi nent. Fig. 1B is a bl ock diagram show ng the configuration of a
vari all e-bit-rate ADPCM decoder 100 according to this enbodinent. In the
~encoder 50 in Fig. 1A reference nuneral 51 denotes a PCMinput term nal,
-52\/5 a input PCMformat conversion, 53 is a difference signal conputation,
.54 is an adaptive predictor, 55 is an adaptive quantizer, 56 is a quanti zer
scal e factor adaptation, 57, 60, 62, and 63 are external input terminals,

58 is4 45 code output terminal, 59 is an inverse. adaptive quanti zer, and
61 is an adaptation node controller. The adaptive predictor 54 conprises a
tap coefficients adaptation for adaptive-zero predictor , an adaptive-zero
predi ctor 65, adders 66, 76, 77, 78, 79, and 82, a tap coefficient
adaptation for an adaptation-pole predictor, an offset predictor 68,
extermal signal input terminals 69, 80, and 81, an adaptive gain controller
(I') 70, an adaptive-pole predictor 71, an adaptive gain controller (11) 72,
a fixed-pole predictor 73, and coefficient so circuits 74 and 75. In the
decoder in Fig. 1B, reference nuneral 101 denotes a code input term na

102 is an inverse adaptive quantizer, 103 is an adaptation node controIIer
104 i & a quanti zer scale factor adaptation, 105 is a line status dlagnostlc
section, 106 is a reset circuit, 107 is an adaptive predictor, 108 is an
out put PCM'fornat conver si on, 109 is a synchronous codlng adj ustnent, 110
is a PCM out put term nal, and 111 to 115
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scal e factor

t he out put code

| (k). is q(k) = d(k)/u(k [°(T§5tébéﬁdﬁhg oh the bit ratle swi t chi ng si gnal
QS input at the external qpqtljgywv qgkgﬁ7 q(k) g¢s encdded to four bits as
iq Table 1 when QS = thr“c BH-S5—as—-A—Fapte—2-wher—§ = 2, or five bits
asSn Table 3 when QS -8 4640 913§ 3] the Synbol |'[" indicates
i NTl uskon and the synbol (("olmocaﬁ,eslﬁqcl isi ongf the J20 val ue. The
values 1, 2, and 3 of (S pertespertd—to atcs of—32—24, and 40 kbit/s,
respectively. 25 30 35 40 45151 550. 7°Eﬁ 02Bs2813B1 TABUE 1 QUANTI ZER I NPUT
RANGE I k) a (k) (-2. 8 -1e013) 12 7
25 (-1.776.-1.361] 13
(~2.334,-1.776] 14
(-00,-2.344] 15
\/ 30
TABLE 2
f % QUANTIZER INPUT RANGE 1{k)
W, q (k)
[2.359,4c0) 3
40
[1.121,2.359) 2
[0.3281,1.121) |
45 ('0.3281.0.32‘8[) 4
(-1.121,-0.3201] 5
(-2.359,-1.121] B
* (-00,-2.359] 7
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1] 776. 2. 344) 6 [1.361.1.776) | 5
1. 013, 1. 361 . 013 3
{o 4143.0. 702%0) é’ég"g%‘o"”} )
F0.1369. 0. 4143) 1 (-0.1369. 0. 1369) 8
(-0.4143. -0 1369] 9 20
(-0.7030. - O 4143] 10 TaBLE. B13, -0.7030] | 11
(-1.361,-1.013] 12 25 _
-1.776.-1.136 34, - L. 77 -
E[err]s _2. '44?‘51“‘”-'IZER INPUT RANGE | 1i5(Kh) TABE@"%‘ PYENETRANGE Nl ﬂtANGE
1(k) q(k) [J2.359. 4&k7) [1.121. 2. 3b9)
2 [0.3281, ,
(-%.3281,0.3$§1?53' ) 401, 2{fPEréi%1ﬁ53?] 3 .
é5202332811 Eilhvvgz 953)(1MNW|> P -22.9%%) - 1nn 30 7557
QUANTI ZER I‘NPPJTIRANGEHH (k) ol 19 (-2.477,-12. 145] 1 (f)292.953, co)
15 : 5953 34—+ s—h77-5-453)
14 (- E1o835.2 4irg) 12 | (-20 I aub. 67837, | 28
13, ;.4%55@;@4) T I R A N
.445,1.645) 10 (-1.645,-1.446] 26
Ej [1.258.1.445) 9 (-1.445,-1.258] 25
2 [1.090,1.258) (-1.258,-1.090] 24
[0.9258,1.080) 7 (-1.090,-0.9258) 23
. [0.7734,0.9258) 6 (-0.9258,-0.7734] | 22
[0.6250,0.7734) 5 (-0.7734,-0.6250] | 21
| fo.4805,0.6250) 4 (-0.6250,-0.4805] | 20
“ [0.3438,0.4805) 3 (-0.4805,-0.3438) 19
[0.2031,0.3438) 2 (-0.3438,-0.2031) - | 18
[0.0664,0.2031) 1 (-0.2031,-0.0664] | 17
* (-0.0664,0.0664) 16

The code I(k) is sent from the code output terminal 58 to the decoder 100 (Fig. 1B), and is also
40 supplied to the inverse adaptive quantizer 59 in the next stage, the quantizer scale factor adaptation 56, and

the adaptation mode controller 61.

The inverse adaptive quantizer 59 reconstructs the inversely quantized value D(k) of the difference
signal d(k) according to formula (8), using the signal Q(k) determined by l(k) and the scale factor u(k)
received from the quantizer scale factor adaptation 56.

D(k) = Qkuk)  (8)

Q(k) is sent to the adaptation mode controller 61 according to Table 4 if the bit-rate switching signal QS
input at the external input terminal 60 is QS = 1, according to Table 5 if QS = 2, and according to Table 6

so0 ifQS = 3.
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15 [1.645. 1. 875) ' 11 |-1.875 -1.645]

27 [ 1. 445: 1. 645) - 1.645. 1. 446]
26 { 1. 258, 1. 445) B pasoeigi 02 258]

25. 20 [1.090.1.258) 8 (-1.258. -1. 090]

24 [0.9258. 1. 090) 7 (-1.090, - 0. 9258]

23 (-0.7734. 0. 9258) | @ABLE 4 (-0.9258, - 0. 7734]

22 [0.6250, 0. 7734) 5 (-Q 7734 -0 6250] 21

[0. 4805. 0. 6250) 4 (-cl) 0. 20 30 [0
. 3438. 054805) Pkl | " Q" 63585 LA 19

[ 0. 2031. 0. 3438)

[ 0. 0664. 0. 2031)
(-0.0664.0.0664)

out put %grninal 58 to the
the i nverse adaptive quant}
factor adaptation 56, and jhe
adapti ve quantizer 59 recqnsﬁru:
the difference signal d(k)La
determ ped by | (k) and th¢g
scal e factor adaptation 5§
adapt ati on node controller
sW tching signal QS input fat

5*%.5%5%03%] 18
- ] 17
i, t Fromthe code

1B

d. and | s plso 40 supplied to

gt tohe} quanti zer scal e

oﬂigs}glllzer 61. The inverse
ed val ue D(k) of

ihg the signal Qk)

pm t he quanti zer

is sent to the

@@hmi.ﬂhMaﬂuﬁtMBMere
b _externald | np m.nalf 60 is QS = 1,

rding to Table 5 if (4 50 if @ = 3. 55
8 EP200 288 281 Bl TABLH 15 k) Qk) 7
2.681 9 - 0. -0.5548 10 5
1.546 11 - 0. -1.175 15
3 0. 8512 13 14 -2.007 1
0 .273%25 15 - 2.

“  w
TABLE 5
I{k) Q(k)
35
f 3 3.138
\J .
2 1.583
w0 | 0.6587
0 0
4 0
45
5 -0.6597
§ . |-1.583
50 7 -3.138
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8 U 25 30 TABLE 5 1(k) Qk) 35 3 3.138 2
1:583 40 0.6597 0
04 0 45 5 - oER 9258 281 B1 ~1 .563 50
7 -3 .138 55 EP 0 288 281 Bl TABLE 6 5
13k£39 y QA k) , 1( k) Q k) 15 3.239 31
- . 665 2.665 10
13 2. 289 29 T£BE§9 E’12 1.997 28
-1.997 15 753 27 -1. 753
10 s 1.540 1 (39 (k)l. Q gq oxXk) 341 25
-1.347 20 8 1+—376 24 -1.170
7 1. 005 Gdg1153 3.239. o055} @1 -8.248%1 22
-0.8481 25 5 0. §9T ——21 4697 0. 5527
20  -0.5527 30 I 2.665 30, | -1. §h§116 19
-0. 4116 2 0.272 D. 2129, 1 . 1362 17
0 1365 35 13 | 2.789 , | 29 {22289 e
0 The quantizer scale torja tio sudqce s | y gpdates the scale
factor v(k) defined cd:i}ngnlg fia?%ﬁl ) _LQ-?LLL@-M ? Ig‘gq 1se-2 | ogarithmc
domai ;15 according to thelffol | pw nps §or 7. -1. 753
10 1.540 26 -1.540
\/ 9 | 1.347 25 | -1.347
W
20 8 1.170 24 -1.170
7. 11.005 23 -1..005
6 0.8481 22 -0.848]
25
5 0.6978 21 -0.6978 _
| 0.5527 20 -0.5527
W g K | .0.4116 19 -0.4116
2 0.2729 18 -0.2729
1 0.1362 17 -0.1362
% 0 0 16 0
K/i

The quantizer scale factor adaptation 56 successively updates the scale factor v(k) defined correspond-
40 ing to u(k) in the base-2 logarithmic domain according to the following formulas:

vi(k) = (1 -2785)v(k) + [FI{I()} + LOF2{IK)}1  (9)
va(k) = (1- 273v2(k-1) + 2-vi(K)  (10)
vik) = {1 - 2-DvIG-1) + Ll-1v2k-1) (1)

where v{k) is limited by -11.2878 < v(k) < -1.3218 when QS =1 or 3, and by -11.7959 $ v(k) < -1.3218 when
Qs = 2.

50 In the formulas above vi(k) is a scale factor that responds to short-term fluctuations of the input, and
v2(k) is a scale factor that responds to long-term fluctuations of the input. v(k) is obtained as a linear
combination of v1(k) and v2(k) according to the mode control coefficient 1 received from the adaptation
mode controller 61.

F1{I(k}) and F2{l(k)} are constants predetermined according to the code I(k) and depending on the bit-

56 rate switching signal QS input at the external input terminal 62, taken from Table 7 when QS = 1, Table 8
when QS = 2, and Table 9 when QS = 3.
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(1 -[errJv(k) + [FL {I(k)} + Jerr](k)F2{1(k)}] (9 v2(k) = (1 -
k-1) +[err]vl (k) (10) cadl - 1 (k-1)}vli(k-1) +

k-1) (11) where v(k) is £e o %Fé%fBél -11.2876 [err] v(k) [err]

) 8 when 6 = 1 or 3, and by -11.7959 [err] v(k) [err] -1.3218 when QS
= 2. 50 In the formul as above v1(k) is a scale factor that responds to
short-term fluctuations of the inpghggand v2(k) is a. scale factor that
responds to | ong- termfl uct uatlons of the |nput v(k) i s obt ai ned as a

| i near conbi nati 1 ol
coeffieient | rdcklkle
F2{1(k)} are constamt

F1{1(k}) and
and

b [J[ EUELE
dependi ng on the b?t- 452605t e ext er nal
i nput term nal g2 aKen, from faplre 7 enl QS = 2, and
Tabl e 9 when QS|= %. 1§-188%p o 288 281 B T - 1(K)
FL(1(k®  F2( (R TkL - R RD 3D) 1. 2695
1. 0825 el ) |8-4384 b o B -0, d 0
9 -0.1709 Q5 7129 i 10 e}
1123 olat PREBE| ° 0997 | % dab
01 13 | -0.0981 . | 097§ —o.0708 I o -0]0708
02 -0.1123 0 13 1294 : D 1
-0.1709  0.053 3 | -0.11d¢ 00. 48833 1o0.1204 P 20 o 0
-0. 2495 0. 1335 15 1.268 : 1.082K 25 30.TMBILE 8 1 (k)
\1 (1 (k)) F21(k)) P5031709 O] 048883 0024883 0.P317 o 01
-y 2832 -0—0 —0—3326 —4-5
4 -0 . 3320 0 | 0052495 -p028225 | 15 '9162695 0.p310825 0 50
7 0 . 483 v
25
O @
TABLE 8
N 1(k) | FA(1(k)} | F2((k))
| , 3 .4 8 U
U 3 | 0.4083
2 | o0.0317 0
0 _ 1 {-0.2832 0
o | -0.3320 0
- 4 | -0.3320 0
5 | -0.2832 0
6 | 0.0317 0
% 7 |0.4883 0

1



(k) = f4k)22®  (19)

12

85 EP 0 288 281 Bl TABLE 9 5 1 (k) Flh {1 (k) ) F2(1 (k)1
) - I (k) F1 (1 (k) ' 1. 2695 . 0825
31 1.2695 1. ogos KB 08T o 1.0825 30
1. 2695 1.0825 10 13 0 .4883 0 29
0. 4883 0 12 0. 4883 0 28
0. 4883 0 11 0. 129%ABLE (0} 27
0.1294 0 15 10 0.1294 26
0.1294 0., -0.0708
08 s |1k [EbLata) [ FZ(TT I 10k) [r1asgh)) | PZE DL |
07 -q Qe/7 - ) 3 097 06
%, 0977 99777 1.2695 Pr.ggas J 343 | 1.2695097V 1.0825 c
-8- 11323 14 g.zsss 1.2(11,!\25 :HJQ- }ng.zsss l.gllegls
_0. 1709 13 o] oBossss 0o 290 1}om-4883 0. dko3 30 b
-0.1709 U. §503 e ) D 0503 1
_0. 2495 12 5[ 1054883 v 28) Hj-4883 | B o
-0. 2495 0. 1285 249 Of 12 The duanti zer
scal e fact rlzgdan ?T}:}m [a) nwn\u:l-{gtLth q 50 294 iirhp hase- 2
Iogarlwthm'q Gomal h 00120¢ schlefactorg @ m]j MMk) n tghe |indar
dOITal n accdreh o e—the—fetHpw —&S J o1 UI—Ir\\ rﬂ_J\ lr\) = NT{V( k)}
ng fl(k) = 9(k)|j19k9708(1B) & f2(k)] 251 + 270 Q%983 [eDrr] 2( )/ 6
1 u(k) FTerrItT I5 or _TIU(K). (KT 6) f3(k)
= -vgok) - HENY{-vVv k)‘.‘hdzw (1 55 f ]éé @%l’g/ +nf3>2(k)/6 (18)
Vu(k)y =19qrry  (}9Do lggr7 0 23 | -0.0877 0
b ~-0.0977 0 22 -0.0977 0
2 5 -0.1123 0 21 -0.1123 0
4 -9.1123 0 20 -0.1123 0
- 3 -0.1709 0.0503 19 -0.1709 0.0503
/80
2 -0.1709 | 0.0503 is -0.1709. 1 0.0503
1 ~-0.2495 9.1235 17 -0.2495 0.1235
% 0 -0.2495 | 0.1235 16 -0.2495 | 0.1235
U
The quantizer scale facior adaptation 56 converts the scale factor v(k} in the base-2 logarithmic domain
to the scale factors u{k) and 1/u{k) in the linear domain according to the following formulas:
40 For u(k):
jik) = INT{v({K)} (12)
) = vig 10 (13)
45
2) = 1 + 211(k)/3 + {12(k)6  (14)
ulk) = f2(k)2!1® (15)
so For 1u(k):
i2() = INT{-v(k)} + 1  (16)
3(k) = [v(k) - INT{-v(i0}]-1  (17)
55
fa(k) = 1 + 213(k)/3 + f32(k}6  (18)



EP O 288 281 Bl where INT{.) indicates the integer part of the variable
enclosed in the brackets 1/u(k) is ?%%a%g gtl'ue adapti ve quanti zer 55 and
the of fset predictor 68. The adaptﬁ L8%control ler 61 sends the

quanti zer scale factor adaptation 56 a node control 5 coefficient 1(k)
that depends on the power and frequency conposition of the difference

si gnal d( Kynere TIRITS 3 NRLfibRtes Yt infober GRaR ok itel RiAdblel étclosed i thd blagkeR® RRIBTiE is6rit @1 the
that sel ecidgptiod duamizerds2hdhé offsef plddicides.0r a | ong-term node dependi ng on the
properties ofhet &aptatiop thods icoitelier 61Ssentiat s igudnbabr acalel fabtbroddaptatioh r56ta ot banol

M k) cosr esgftatii ne) that debendp onvte powvertdne frelquahayrcempesition ginthd ditérkce isignal allky Uthiat ed
from f or mrhcgle (c@tip! cobfliciart kt)k).-which-i§ e codfficigfitkthd )select§ either] & Solti{tdin}modp 20 lanigdere
F3{1(k)} imodg derghdira dnrthegprensriies efithe itrubsignalis detenminediantolibwaccording to | (k) and
dependi ng onFitsha vilye mikhcasregnandingto e reweref |theCitiferanpa, signat d(k)hecwa@ﬂ riam formylat
term nal @) being taken from TabI e 10 when @S = 1, from15 Table 11 when
QS = 2,"and from Tabl e 2 _yhen = 20 25 30 35 40 46 50 55 13 EP O
288 281 BfM Perﬂrzz@“@‘d) 5@ {10} EF‘?% 288 281 Bl TABLE 12 [err] Next to
find the fre

onents of the d ffere C he o
e8(k) resyfFa] %g%%.l o f;;;t Hent ;5% ‘;egg‘?\) éﬁéﬁf{} b

filter Qa“l'a &1 nﬁf)or%
\/
20
25
\/ 30
35
P
4

50

55
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40 cal cul ated, where Q(k) is proportional to d(k): e8(k) = -0.123{e8(k-1)/2
+ Qk-1)} -0. 787{e8(k 2)12 + (k- 6 éﬁl)aﬁl(ext t he node control
coefficient is successively updated 39 k) calculated in fornula (20),
the 45 e8(k) calculated in formula (21), and k), according to the

formul as given below t (k)=—(1 -Jerr])(t(k-i) - 1} + 1 - 2 8 when
mk) < [err] 50 u(=1 ~ P10 )(t(k-1) - 1) + 1 +

[err]tsgn{Q k})tsgn(e8(k)) al Otherw se . (22) 55 EP 0 288 281
Bl where -1. if (*) <0 5 tspgng*) = o, if (*) =0

(23) 1s if (.) > O10 and t(k)~ip limted by 0 <t(k) < 1. tlk) =

[err] (24 —arrotnerw se 20 20 [err] (k) =

[err] (25) at otherw sk 25| The| si ghal reconstructed by the inverse

adaptive quantizer 59 is thep+eephstytucted difference signal D(k)
containing the quantizing erfd.{™ip signal D(k) is sent to the tap
coeffi’®i ents adaptation for pdapiiwer zero predictor 64, the adaptive-zero
predi ctor 65, the adder 66 the—~t pp~cpefficients adaptation for
adapti ve-pol e predictor 67, nd the pffset predictaor 68 30 The tap
coefficients adaptation for pdaptieve} zero predi|ctor] 64 Juses the
reconsiructed difference sigphdl's| (k) and D(k-i]) (i @1 to 10) to update
the tap coefficients bi (i =f1,tpd0) as shown |i A~ floFinfl as (28) and (27),
and sends themto the adaptiye-zpro predictor 5. Hifk)| = (1 -

I’I’])bl(k 1) + [err]tsgn{X <)‘+t> MP(k-1)} (4535 fere the tap
COBT/fICI ents out put accordin ofthelbit-rate qwmtdhing signal QS input at

t he“exs er nal i nput term gpl pO—ef-e—g] ven by f orjmrts &:‘7): 40 bi =
[err] when QS = 1 or 3, el ° w (27) when @8 = 2 45
where f(*) indicates the xeputibn of a prespec-i-f-i-&d—p-uocess for truncating

the fraction part. The agapt| vwe-gero| predi ctor |65 dakFcyl ates the
adaptive-zero predictor estijmtelel (k) fromthgq_tag codfficients bi

recei ve&d fromthe tap coeffilign} ssadaptati on floe ddapt}i ve-zero predi ctor
64 and the

3 | e= - O
L
-y
\~ 30 - | - . ~ | o
2
[T A &=
2
w
2 | W
(7~ B o ] *
o L ]
\/ t~ | t~ o
—
—_ ]
_gv
b Y
40 Qn -_— ] =
-~ t 2. [ ar ]
— (3%

50
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‘reconstructed difference si gnal

(28). 50 el (k) = |

~(28) The adaptive-zero predictor es
"and 82. The adder 66 adds the adaptive 55 zero predictor estinate el

err]

bi (;

D(k-1) (i

1 to 10) according to fornula

plna e ef (k) is sent to the adders 66

(k)

recei ved fromthe adaptive-zero predictor 65 and the reconstructed

di fference signal X
D (k), and sends it
76. EP 0 288 281

predi céor 67 update

to 4) according to the fb§mul

k), generates a f¥ABYE Yarti al
he_ adapt in controller (1) 70
1 Fhﬁ)t

FROEf (K F) g0t 3 (agap! anw(icgr)

g|7\/en belfow, 3d3| ng the recon

reconstructed val ue

nd t he adder

hdapti ve- pol e
lents al (I
5t ruct ed

1

di fference signals to—A)—fecerved—frpm t he i nverse
adaptive quantizer 59. Thé wi ﬁrlfor Ia3@?9) arel di spospd at separat ed
posi tions on the uni ‘ﬁtI‘TE“ﬁ‘FﬁE‘Z’ﬁT ne, The_updatefl val ues satisfy
a sepafation 5 rulel (US. F * A@pllcatﬂgn 031050, orresponding to
Pat ent No. US-A—4779.25)12[err] 15 9 lerfl] at
other tinmes where [eqr]l =0, Ferr] (K) n. ﬂlBPrL =0, 3501, IW2 =0.5520,
[err] = 1.5010, [err}] =jf.2160, ferr] 0.3%70,§20 g[err] = 0. 0313, and
[err] 7 0.3928. pi (k}—b At J D(k-3) p2(k) =
D( k) {1-+[eH]{u<-D19 D(k-2)1} - [X-3)2M30 pdk)::DIQ + {1 -

[err] {D(k-1) + D(k- 2l Bt=lor—25—path—=—tt) ff el {Dk-D) -
(k-2)} - D(k-3) Thejtap $oefffi cilents d rlvgé fr)n1t e W (k) satisfying the
separation rule are: Ierrq =‘1err] 30 | er rr] lTefr] = [err]
[efr] 20= [err] where|l[err] i coeff|C|e ai en v formpla (32): 35
[err] = T[err] (32)fjThe pda tiv - pol e redqgtor tapycoeffifients [err] (

= 1to 4) obtained f iYe gain
controller (1) 70 an§l t hef adgpti Jde- pol e §predilcto The adaptive

gain controller (I)
gener &ed by the add

a)
-

r 663and thd [err] (i

211t

Hhe—adaptis _
711 40

-—reeoastru%ted val ue D1(k)

) 4)0cal cul pted by the tap

cal cul ates an

1) = lerr]

coefficients adaptat - Rﬁﬁalc or o7 ana
adaptive coefficient{gl (k) flr om% he folfl o f pr a: [er
(33) 45 P 0 0 -
(Y

» 2 0 8 0

i 0 17 0

35 0 0 16 0

N\

Next, to find the frequency components of the difference signal d(k), the output e8(k) resulting from
input of Q(k) to a second-order recursive bandpass filter having the characteristic shown in formula (21) is

e8(K) = -0.123(e8(k-1)2 + Q(k-1)} -0.787{e8(k-2)/2 + Q(k-2)}

calculated, where Q(k) is proportional to d(k):

(1)

Next the mode control coefficient is successively updated by the m(k) calculated in formula (20), the

50

t(k)=[

15

e8(k) calculated in formula (21), and Q(k), according to the formulas given below:

at otherwise

(1 - 2719 (ek-1) - 13 + 1 - 278 vhen nk) < 272
A -2 K-1) - 1) + 1 + 278tsen{Q(k) }tsen{es (k)}

- (22)



where e5(k) is: 4 50 e5(k) = J[err] (34)
and [err] is [err] when the bitx: -%t%swbghi ng signal QS input at the
external input termnal 80 is QEF: or = 3, and [err] when @S = 2. The
gl (k) updated according to fornmula (33) is limted so that -0.125Sgl (k)-
55 S1. 2feret hen finally [err] is determned fromfornmula (35) and sent to
the coefficient circuit 74. 17 EP 0288281 Bl [err] [err]

[err] (35) 5 [err] - at otherwi se The adder 76 adds the
estimate e2(k) cal cul ated by the Bfiaf)i XeQpol e predictor 71 and the first
partisal 10 reconstructed vaj ue D1 kz generated by the adder 66, generates
a second partial tsgndedt Fuct edOvalfieled2(*0, and sends it(23) the '
adaptive-pole predictor 71,]Jthe adaptive gain controller (lI1) 72, and the
adder 77. The estimated outputlefif he)ada®tive-pole predictor 71 is

cal cul ated according to formula (36): 15 e2(k) = [err]

36) ®The adapfi.v in controller (11) 72 perforns the follow ng
cal eul 409 B HHerai o

cal cul &" & Wt bnd partial reconstructed val ue D2(k) generated by
the adder 76 and the value 1/u(k) received fromthe scale factor 20

adapt at i Onfe’; 30 where
e6(k), i s: ﬁﬁi ) (38)

i 6: c t '

I"Tﬂr’go?gq E;M_Eﬂff%z_g%?gg%‘('\‘ﬁg) 2.0-8343 ng‘@é
When th I fl t4h i~ i t chi [ I i t at th t I
Mput tormnal otk cd DETReThul o 55375 A GEREFRERR 6 formui a (59):
g\4/€ k) = [err] (39) The value of g4(k) as updated by formula (37) or (39)
i;s.limted by [err] then finally g3(k) is 40 determned fromfornula (40)

a\n’d sent to the coefficignt circuit 55. when [err] 45 [err] =
[err] _ (k)( 194(§~ ~13t +s0bpNdrw s ] T er 77 s the
estimate e3(k) fl)cgm t he ?g((ela-lgol+e9pr edi c?%?‘q)?%l g‘n)dl}ﬁr?g%gecond (ggzjti al
reconstructed vak¢ B22k )@ﬂnﬂr’)at ed by the adgerottforygperates a third

partial reconstructed value D3(k), and sends it to ‘the fixed-pole predictor
73. Fhe fixed-pole predictor 73 calculates the estinmate e3(k) according to
f or mul a h? gigya_l ra\ygnsggﬁq@ by the i_nverfee ive quantizer 59 is the reconstructed difference signal Q1)
containing the quantizing error. This signal D(k) s sent to the tap coefficients adaptation for adaptive-zero
predictor 64, the adaptive-zero predictor 65, the adder 66, the tap coefficients adaptation for adaptive-pole
. predictor 67, and the offset predictor 88. -
~r 30 The tap coefficients adaptation for adaptive-zero predictor 64 uses the reconstructed difference signals
D(k) and D(k-i) (i = 1 to 10) to update the tap coefficients bi (i = 1 to 10) as shown in formulas (26) and
(27), and sends them to the adaptive-zero predictor 65.

bigk) = (1 - 27)bi(k-1) + 2-Stsgn{D(K)}tsgn{D(k-1)}  (26)

. where the tap coefficients output according to the bit-rate switching signal QS input at the external input
W terminal 69 are given by formula (27):

lor3 | (27)

© bi = { f(bi) vhen QS
2

bi vhen QS

45 where f(+) indicates the execution of a prespecified process for fruncating the fraction part.
The adaptive-zero predictor 65 calculates the adaptive-zero predictor estimate el1(k) from the tap
coefficients bi received from the tap coefficients adaptation for adaptive-zero predictor 64 and the
- reconstructed difference signal D¢k-i) (i = 1 to 10) according fo formula (28).

50

el(k) = 2"’: bi (k-1)D (k-1) o (28)

The adaptive-zero predictor estimate e1(k) is sent to the adders 66 and 82. The adder 66 adds the adaptive

55 zero predictor estimate e1(k) received from the adaptive-zero predictor 65 and the reconstructed difference
signal D(k), generates a first partial reconstructed value D1(k), and sends it to the adaptive gain controller (I)
70 and the adder 76.
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18° EP 0288281 Bl where [err] (i =1 to 16) is the value given in Table
13. 5 réagr% he of fset predictor 68 which
rejects the offset conponent of t hEP0f38 2 Pgnal, receives the re-
constructed difference signal D(k) output fromthe inverse adaptive

quanti zer S59pangd, LOMrcMAL UBapldisH 159 adiiiv'dbie Tofelidiol BR uStidRthd Zdaptive GRle rdaffor &p
adapt at i Orhogl%ci&&&' al ¢4 ﬁtaé'j%[:ltfi’fﬁ @%Eﬁfﬁﬁl@ giéh( BelowAGsing 'tié rBcndtictbddiifidlénde Gidrdls:
EP0288 281p(dlan@ D(k-i) (i =CFtdd) recsived from the inverse adaptlv€ Giiahtizer 5. The witk) in formula (29) are
(42) at otdigpbsh %Ese&g}at&!)p&hbr%loﬁ el @it EiFcld ite @-piink, )so,Qfe dpdgtocbiipd satisfy P sepeiatidnor
54, first dubquadeldnt XsplictishsNd. be 0505 tdriasrondingyté Ratert Norus-Ae770226pet predi ct or 68 -
to the estinate e3(k) fromthe fixed-pole predictor 73, then the adder 78
adds the output of the adder_4/9 to the estimate e2(k) of the adaptive-pole
predictor 71, then fifnél Iy & t?é {addkr1B2- Mgk 4« W out put fromthe adder 78
to the estimate el (K) of th@-8adgniDékyrtde ketld} 65. 15 = Next the
.operation of the decgder 100 will be expl ai ned.” The ADPCM code I(kz
received at tWMelkbde)i nput terni nathenox; (k-Buppiwseq tkoldnd Woygrsel2aptive
quantizer 102, whichjgenerates a recons{ruct ed difference signal D(k) using
‘a scale factor u(k) fromthe quanti zera%‘iawqug‘c'tlar ‘aaqﬁkais oM U_pés Thi s

reconstructed signal K) is7s6nt 1o, {he er 122, whi¢ch adds it to an
‘estimat & val ue el (k Délr Smé& hie{aqlégﬂi/ef z@?}g +pr‘édi étopther time%iain a
first partial reconstructed value D (k). Next the first reconstructed 20
val ue DI ( ' nt th dd Wakseh adds it to an esti-nmated val ue
Eeg&\k’) fro%Tl?;;ﬁgw?tg%\?%ﬁi&ﬁ’oggggﬁﬁ%r\M%g "to obtain a second parti al

~and

Ere'o-e‘nstL;auc\y\,éagl\,\éa.\,“e.\:ol_ag wispfegond partial reconstructed value D2(k) is
.sent to the adder 133, which adds it to an estimted value e3(k) fromthe

fixed- pol e, edh@t-0f1 L@ mk-0bi dik)a+ D-3)d partial reconstructed val ue
.D3(k). Thepaglceamil3y +ac@s{oehe - D21+ puas)t | gdoyr econstructed val ue D3(k) and
an esti matwg) wader eU{kjo}{Duem ¢+ be-2) + Pe¢3)predi ctor 124 to formthe
reconst esuch @l =gl +srd({Dlef) - D-NeD(k-Bput si gnal s(k). The line status
di agnostic section 105 detects the foll ow ng val ues of the ADPCM code | (k)
i nput at tThe tapodeffigiantsiderived from the| wilbGatistying thersgbamiiormletargs bit-rate switching
signal input at the external input termnal 114: "1 1 1 1" when @ =1 "1 1
1" when QS 3 B - K -l -1l " when = 3 Wen such a value is detected
cont’i nuBuskE) Fdr- 1l T pdr refd) Krrd@et riflorefld + Ol (1 gger) signal is set to
"1 " and s =t-B® peki @t"ﬂ’r*c%f"l”";%g&(k’)rmen the TRGsignal is "1," the
reset circf =Rod Wt &Mr L& hd*etate of the internal menories of the
adapt ati on node.cqontrol.l.er .10 th ant i zer scal e factor adaptation 104,
the tap,c odier '@f’ és(rﬁ']eswg o ay el"gﬁﬁf f?"grﬁla e

_ rfk) = 2cos{wi(k)}  (32)

\

The adaptive-pole predictor tap coefficients a; (i = 1 to 4) obtained from formula (31) are sent to the
adaptive gain controller (I) 70 and the adaptive-pole predictor 71.
40 The adaptive gain controller (I) 70 recsives the first partial reconstructed value D1(k) generated by the
adder 66 and the a; (i = 1 to 4) calculated by the tap coefficients adaptation for adaptive-pole predictor 87
and calculates an adaptive coefficient g1(k) from the following formula:

gi(k) = (1 -27%)g1(k-1) + a-tsgn{D1(k)}sgn{e5(k)}  (33)

where e5(k) is:

4
50 e5(k) = - Z_\l ai(k-l)(Dl(k-i) + eb(k-i)/2} (34)

and « is 2~8 when the bit-rate switching signal QS input at the external input terminal 80 is QS = 1 or QS
= 3, and a=2"7 when QS =2. The g1(k) updated according to formula (33) is limited so that -0.1252g1(k)-
55 <1.25, then finally g2(k) is determined from formula (35) and sent to the coefficient circuit 74.
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35 adaptive-zero predictor 120, the adaptive-zero predictor 121, the
adaptive gain controller (I) 126,%‘{1@ #&3 ﬁeffi cients adaptation for
adaptive-pol e predictor 123, the g % | e predictor 127, the adaptive
gain controller (I11) 128, the fixed-pole predictor 129, and the offset
predictor 124 to a specified state, and sets all ei ght bits of the output
Y(k) of the synchronous go@i ng adj usmghnrgﬂﬁglyog_o inthe [err]-law
case, or to "0" in the | aw case. long as no bit error occurs
bet ween the codg2dkdp=t % elni nal 11(},}@},d811r(g ¢pdy {nput terndgsyl 101 or the
reset £ircuit 106 preseng only in the decoder 100 does not operate, the
adapt ati on node control lergl{ie=1) he gtuatherqisecal e factor adaptation 104,
and the elenents (120, 121, 126, 123, 127, 128, 129, and 124) of the
adaptive predictor 107 in the decoder 100 operate identically to the

cor r espondiThe addee A aads theestimate e2ik) caliguateddry, theygylaptiyg-poley predigior 717md thedigst saYal of

t he er¢otpspnsiyted yajup PHigpneraindd ig adder £ cgonefptasp %?@?’lﬂé)ami!Secms““cMé'a'"e D2(k),

r econst r 8% $9pdssif forfag adaptiy 'IPZ'e Bredicki 71, e pdantiy %qﬂ%ﬂ cagtrqller (1572, At the adslet Fa THRIt put
PCM f or nBYimalg guput pidhe acgetiv B?i‘h%‘?'?t%‘c? 11isralqulpted goporgingyfo fermula (38 PCM code X(k),
and sent to the synchronous codin %adj ustment 109. The synchronous codi ng

adj ust pent  109g st I teyqccurred in t CM ADPCM
converg:aon and ggﬁl’és Zgr?(gf)gﬁ'flq Cﬁ/i?g)dgq%%a ‘1)2 t he out put m nal 110.
In this enbodinent, first, the adaptlve predictor is structured as follows

rg or der t sl Faif BRRIer> ) 98 heRBHS théAiowih %awat.&%ag;e%et LSEadphRndent

Va [ at i ORSorisiuciel Salld) Dotk goh&Hatad by ¥hQ%de?ﬁUtam§ihgrw} e V/3(I ok ﬁérﬁ%etéaa@%ﬁl st
e foh ugdaplaidnrggmi,,{muency conponent and fi xed conmponent wit

subst antially unvarying frequency conposition; adaptive-pole and

adaptive-zero predictors,of arbitrary order are provided for the

fluctuati rgd (kQMsqr(@nt; 2a1 } {@titkedl)e -pr19diec i 0k S2TH it /R (k)ODde50i S

provided for the|fixed gﬂponent; an offset predjctors is provided to
rejectsthe of fse (&owpﬁn ) {g4tlc19 el d)emt} ar que(qt)l}@sgﬁl{éﬁk) pnd a
circuit 55 is provided to control the estimates output fromthe adaptive-
and fixed-pole predictor. Next, for the adtpbotherviseti zer (37) i nverse
adaptive quantizer, the cases in which the input signal power shows |arge
fl.uctuations over tine and small fluctuations over tine are treated
separ & etiPreeflidisy circuit is provided that can be set to a short-term node

Ep o 2essn 1 G ZRART el ngfa?&{ﬁ‘%?ir Whals are provided for an
i nput si 5” thé o?@lg bit- E‘ }Q&chﬁéﬁgﬁa‘f QS lAﬁgthg Qk&rﬁé aqer}nmgl 8? 'lstQé atf rorrgtr'ae

first ,ef BaGL .iQled td¥Brmtd: odi ment” havin structure w
descrlabed%vm?hereferer?ggﬁto Fig. 2. Fig. 2 is a graph illustrating the

pe(f or meggg =0f -hibgg 044 wenta-f or 39y 32-kbit/s ADPCM signal with a 5 CCOTT
st%r{gard 29ﬁnnde)r?n4§g*e;r a%l ng at 9&300b| t/s: specifically, it shows the line
S/ N vs. mewaiae OF §4() aé BcRted B FoRAGIL(37)S6r (3B) isl ihitbd 1byS-00 RSXGNKB1IEE ¥dh firklly §RINA €S

t he ewrdodktdiminéd febatimulzgab) alDsset to the BBstdlent2Rcuitesot-es t he characteristic given
in CCITT recommendation G 721. The characteristics in Fig. 2 were obtai ned
under the neasurenent conditions of .Report R-28 of CCITT SG 18. The
subscripts 1, 2, and 3 ifi O0he graph shel gdt(k-1he¢n@pinber of asynchronous

i nterconnections. As is fclear fromFig. 2, the enbodi nent of the present 10
i nventd on gi ves gd3dkdresilgnhl 1t ransmﬂmmchaMCLell]stl cs t(&Q) are superior
to CCTT recomrendation |G 721. A second effect of the enbodi nment of this
invention is that it perlyi 84(ktb seladcoitherwises kbit/s, and

- 50 The adder 77 adds the estimate e3(k) from the fixed-pole predictor 73 and the second partial
reconstructed value D2(k) generated by the adder 76, generates a third partial reconstructed value D3(k),
and sends it to the fixed-pole predictor 73.
The fixed-pole predictor 73 calculates the estimate e3(k) according to formula (41):

6
e3(k) = g3(k) 21‘ ciD3(k-1) 41)
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avoi ded hence the freezeout of input tranks conmmonly used in DSI systenms. A
third effect wll be described vm'tE re%srﬁgég to Fig. 3. Fig. 3 is a graph
ilLustrating the performance of 15 PRi®2 iment for a 40-kbit/s ADPCM
signal with a CCTT standard V.29 nodem operating at 9600 bit/s:

speci fi calwhre o § =SNE4E :Hﬁ@véldefbﬁ‘veﬂnNaM§13 bl ock error rate characteristic.
The subscripts 2 and Af in the graph indicate the nunber of asynchronous

i nt erconnections. The neasur 5 : as for Fig. 2. As
is clear fromFig. 3, it is %os& 99630 bit/s nmpodem
signal ssover three or nore agsymeht i r]ks 40 As expl ai ned
in detail above, this invention hps +He ad{artages of bei ng able to
transmt high-speed nodem si §nal s i di freepeout] of input tranks
commonly used in DSI systens trangmt-]9600 bit/s and

hi gher - speed nodem signals o Fonoysl y i nterconnected
links. 5 Cainms 1. An ADPCM d ng uhit donsisting of an

encoder. (50) having an adapti

and an inverse adaptive quanji ; (1C0) havi ng an
adaptive predictor (107) and HAV-S-g NaV MIRVE - ‘ r (102); the
adaptiveg predictor (54,107) (50) and the
decoder (100) receiving a ref fromthe
respective inverse adaptive sing an

adaptive-zero predictor (65,
di!ference si gnal and gener
f redquengy conponents, an ad gTctof (74, IZ7)] of an arbitrary
order for receiving the diff wi g moel fj ed Qy thg adaptive-zero
predictor (65,121) and generjating estimatep & ) nput| 35 signals with
time-varying frequency cepp nentq, 2 1i &djp® ¢ ptedictof (73,129) of an
arbitrary order for recelyi thd dfff{erenpePsignal ffurtijer nodified by the
adapti v&- pol e predictor 1, land generbting ectilopted of input signals
t he frequency conponent s Sof renpi n spbstantialfly igvariant with tine,
and CHARACTERI ZED BY an off'det pre@&cl{or (p8ol4) cdgnnected in parallel
with the adaptive-zero predifctgr [(&, 120 .1 a8lapt i ye{pol e[predictor (71,127)
and" fixed-pole predictor (73, 129}, ~of recpiving the 4b h reconstructed
e

_ r' fqr receiving the
gnalfs wi tfh ti me-varying

dl\f"l"ere"ﬂce signal and reject|ing gn-of { set [compgnent jof t i nput signals.

2. An ADPCM encodi ng and deqedrmg—tmtt—accptrtiog—totetatin 1, wherein the
encoder (50) and the decoder] (10Q) opafh fuftfer] comrige$ a control circuit
(70,72,126,128) which variegq sucgessiyely h@ dqut pufs ~of jt he adapti ve-pol e
predi ctagr (65, 121) and the f|i »ed- pﬁe pée |c-b-or 3, 1@) 45 3. An ADPCM
encodi ng and decoding unit dccordiny fo cllaig 1 or (Ia;m 2, wherein the
chQ/acterl stic of the adaptijve-p | & pfedigtot (54, 197)' i § expressed by a
pair of Chebyshev pol ynom alfS TNng ooty 10Cd —Separated positions
on the unit circle in the Z{plang. 50 4. A=Al ng and decoding
unit aceording to any preceding ¢l & whdr €5n br (50) and the
decoder (100) each further ¢oir{s& pr®adagtat]i bontrol ler (61, 103)
receiving an input signal t¢ thejipyveyse gd&pti Miger (59,102) and an
out put signal of the invers¢.adaptivel quadtized ( determ ned from
the i nput signal, wherein t e ad Aptaty on node ¢ontr II-er (61,103) has a
first ¢frcuit for det ecting f[Ucludtifons iln ¥he fTefuéhcl components of the
out put signal of the inverse 55 adaptive quantizer (59, 102), a second

circuit for _det ctln eenden fluctuatlons |nthe ower of the
out put Si gné’f‘ucfﬁ?f &r"ﬁﬂ,g‘P qugritl %ﬂ %c; re-
s c g?ﬁ;’ rmula

l'enOe S|
ci rcui tsof%mfh ' g‘r'tpLFhe

out put ‘si gnal qﬁg}t% g?a?e ers'(émlal ea“ °a'° 3"9

Ve Gua zer ordin
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according to the detection result of said first circuit and/or said second
cirtcuit. 21 EP 0 288 281 B1 a éhag 13%{ernal I nput termnals are
provided for an input signal. that 24 32, 24, or 40-kbits/s as the
bit rate. The first effect of the preceding enbodi nent having this
structure will be described mﬁth reference to Fig 2. Fig. 2 is a graph

Signal witha s E’;‘ér et ked) rdagm obesn{ Pl o6000i 1161
signal w a tarfdar® it/s

speci fical | i{ S the |i Sl ckggrror rate charact t|c I n
this graph éﬂrg& denot e’ e% 12#33&?@2156@5(:“ bed above; ﬁéh
denotes the charact rigfic o 7(\2 LT n G 721. The
characteristics In gﬁZ Wer b(?‘allﬁu:cd gndefgﬁ:@ﬁgals) rement conditions of
Report R-28 of CCITT SG 18. ts 1, 2, and 3 in the graph

I ndi cate the nunber of asynchronous m?grconnectlons As is clear fromFig.

2, thé®enbodi nent of the present 10 - | nvent | on gives m)dem si gnal

transni ssi df %PW '&r“??(ﬁs@P?t%?(Bd’éthPﬁ%p“ dHPP t5t the adder-Torerlds the apfimatocpat) em

G 721. Ahe '96! die >t9f’ P?'ﬁ P?d'F‘ﬂ%%f'\% Fl'e addqr {8 adds; the
pernits Eﬁ%’tg ?"07 5{"\91? )s°“ ﬁ:ﬁ o E“’F &ndfly @82@8&?2 Hs

i nput ' e descri bed

é’ ! % iR

h f | n o coder 0 w el f
gl T o l.ze g%g?f‘%é a@%ﬁ s
glﬂgem ODI%E&%M%% %pﬂn érgbé %o th§ l%@&‘dr 1b§ hlc){ ’adt’ist |t t.In él Sthe

: ¢k er Edllgtwﬁ%rg p i%{ofi@ﬁet[) | oBla @ firstpartisl WAL RE Pvatu eém ). ektr}h rgéoﬂsﬂ cted
| NHCag eyl KISint B e SHISE HE0 NAIE aliddt i€ loCANRRRIO e o fr&ﬁ%%a&ﬁél ole
condi t i opediétérer2y Reobidi1® sébond ﬁHrtuaFv*e&nst&cteNaltieSDZ%ﬂ) b sbdoRdTpariiall recehstricted ivalue
possi bl eD2(k) i$ seanforthd adder233.94HiA abdsd if © aRRtRTRET ivAIIEb3TK) U thel fREESOIOFredidisr 629
asynchr otabintathiciopartiai ratestrued value D3T). T bdien €39 addls 1€ thixdl partdd fa¢enstrickeid value
i nvent i oR3(kaeed ki estiaeited velagyekk) dbmities ofigetaicdditor 024 to donBthel robringlfuctsip signhl 1) @M
Si gnalks, theinoutgdigng skhe freezeout of input tranks commonly used in DSI
s yst ens, arnbe lingisktys giseosicysection 8 ilatecBaRDiolNWINg yalugschf the ABBEM spded(k) inpudi etthe
si gnal s €@ inpttierasaldpl, sepeadiaggibnbityate quitoping pignat iyt Atdes ederral ingut termiial 118 ai s

1. An ADPCN'/F dddonhe¥®ind decodi ng unit consisting of an encoder (50) havi.ng

gagda‘gt ive Er’eﬂ'i‘%‘ @5 ) an adaptive quantizer (55) and an inverse

decod 00) h d t di ct
Lo cheriih s o srat-raa%&?f?r%i ot e e %‘(%q‘? sia¥%eﬁp%tee'r"?" >

and ent 0

gSfeggZ)s signal |s "1," qge rés 516650 ibl gs &h% o? der 0 rec@ ying
L E&g@ﬁe@v EI ﬁ% %ﬂ?i % J §§Bﬁ§64 ;qu ?

- quant 'aazeéda g@z g:r' g‘tL Ier ; tapof an
ar bi t 1 ar ooREeHRI %t.anqaeadxmap& ceo P ol e s ngei dilfivo gain
est i mat egndilerS(inoa. e #bd-poid bridcdt Aty lahdith B&G%mrqm% Siffdd @8, and sets all
adapt i vegigho bits iR GuBEOHK) bF'the dyhdirordlis ABingbdMisinieRl 200 & A€ thli-aw@ e M8 e
di ff er enseasdwaasd. nodi fied by the adaptive-zero predictor (65, 121) and
gener a i Ng Ae®hy BRRCEL edrbr ooyt betvddon the codd @ifat Brmial 110lahdTihe Yate YrplQterirOE BE Y
conponenthe reset ciréuitelds present niyeid it@tdecodér/ 80 Haks noiadperaie, tad Bdapatiinynods SehtrolleO 103,
recei vi nige tiirptizelr $chle rfaztoc adapiatipnaio4,fand thia elemanael (120, a2l 1b36, 12821270881 120anp 024 of
pr edi ct othe gdaptive Dedicten 807gje the rda¢aderg1 00 oparate iderdically ta the odrrespogdiag elerbants &5 58gsency
corrponen@é; 651 70viFi €W 72 éﬁnﬂ‘ﬁ 68) ohthe encpden b0, pnd thejinterasl istates albo agreee,
- The reconstructed signal s1(k) of the input signal s(k) is input to the output PCM format conversion 108,
converted to a U-law or A-law PCM code X(k), and sent to the synchronous coding adjustment 109. The
synchronous coding adjustment 109 adjusts the quantizing error that occurred in the PCM-ADPCM
conversion and sends an eight-bit PCM code Y(k) to the output terminal 110.
In this embodiment, first, the adaptive predictor is structured as follows in order to obtain a signal
50 estimate that closely matches time-dependent variations in the input signal: the input signal is considered to
consist of a fluctuating-frequency component and fixed component with a substantially unvarying frequency
composition; adaptive-pole and adaptive-zero predictors of arbitrary order are provided for the fluctuating
component; a fixed-pole predictors of arbitrary order is provided for the fixed component; an offset
predictors is provided to reject the offset component; these elements are connected in series; and a circuit
65 Is provided to control the estimates output from the adaptive- and fixed-pole predictor. Next, for the
adaptive quantizer and inverse adaptive quantizer, the cases in which the input signal power shows large
fluctuations over time and small fluctuations over time are treated separately, and a circuit is provided that
can be set to a short-term mode for large fluctuations and a long-term mode for small fluctuations. In
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and CHARACTERI ZED BY an offset predictor (68,124) connected in parallel
with the adaptive-zero predictor (65,121), adaptive-pole predictor (71, 127)
and fixed-pole predictor (73, 12%p o bgg 281a98€i vi ng the 40 reconstructed
di fference signal and rejecting an offset conmponent of the input signals.

2. An ADPCM encodi ng and decoding unit according to claim11, wherein the
encoderaddiien, exfergeal irput teraingld @re raviiey foe ar: npdt sighdh that cap 19piedt 82 24,201 dGrkiiits/o ks the r Cui t
(70, 72,478e128) Whl ch varies successively the outputs of the adaptive-pole

pr edi i ctor @‘HS‘ 99t oh i Praceding srehedimentchayinastis streture will be agscribeiwith rajarep@RCM

encodi n Qﬂ '" "9 F‘ﬂ °t° thisjembpgiment for a B2k ADPGMsiges! with e

char gct% e 8?08 t°6'|'y 5'1?‘”15’?2’""? SN Jliock euer iy o

pair ofg " 5‘_3% e ' stcékﬂ? %?ddeﬁ%ﬁ $? ons
s D

on the IH&E nditibris o CI SG-

unit acgg sa oy, P% rﬁs '1‘? ﬁz ’0?5’ '90') @Japgﬁg“’gﬁ
£ | As’is t e odi r
deCO@erm\k%Q)gnﬁéa‘bdgﬁ sn tra9 dn Séhara&blis alﬂgt é\c‘gl‘u%:l f LSy ?é‘} 103)
recei vigigeian 1 nput signa e inverse adaptlve quan izer "ﬁ?ﬂ and an
out put  si gratonebrrédher tha\éab&ﬁnaﬂapmisw@eﬂw@m th& S perhith: the) e &rzmkﬂ ﬂatuﬁ om
the i npibidei rghclthe Mdaedoi df inplt@ramd aphméryiedMdB) §RRIWEO! | er (61, 103) has a
first ciratit effent willdoalescribag with Usfbrafe it®Fg. 3. Rigl ie afgfa‘bﬁlumthngmaﬁiaﬁe% oof the
out put this gmbddinht fohe 40-kbite IADEC Signal witiidl EDLTIT\s@nditAVPY @edem( dpBrafligat 9608 baEEONd

ci r cui tspécificaltteit elrwisrilp kinerBAN de [bivakl emdr rétb whidracteristionThei sobschi@s pane# iothe ghagh

out put irdicgiecthe amieh ef 4syrabroneus dnferginnectionguEhet meagureridn® carO@dns apenthe darhdn g tdr

ci rcw tFig 6r Assla clean framyFigi & fdsr pogsilie tor transnait Yie$h9R00 bit's madenpsignaisewen timeler rfiabe* t he
out put 28YgatoupandeRElinkhyer se adapti ve quantizer (59,102), according to the
det ¥t i on’s Blinpd 6‘rd°§%.'| qpoye; fhisinvention ey the adyaptacescal deiog allpip tnpitihigh-scped  EP
0 288 Z%t ‘3]9 o & mraﬁe PhBPub fenks SeameigUsas in DS svgamn g helo #hlp to
precediig ¢ IopPreRRgd [ope |s\;9€a'f)P‘éed|“E?eo?' Y9 aHgiyonoyshpinigrrannetted
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the adaptive-pole predictor (64,107) is expressed by a pair of Chebyshev polynomials having roots
located at separated positions on the unit circle in the Z-plane.

50 4. An ADPCM encoding and decoding unit according to any preceding claim, whersin the encoder (50)
and the decoder (100) each further comprises an adaptation mode controller (61,103) receiving an input
signal to the inverse adaptive quantizer (59,102) and an output signal of the inverse adaptive quantizer
(59,102) determined from the input signal, wherein the adaptation mode controller (61,103) has a first
circuit for detecting fluctuations in the frequency components of the output signal of the inverse

55 adaptive quantizer (59,102), a second circuit for detecting time-dependent fluctuations in the power of
the output signal of the inverse adaptive quantizer (59,102), and a third circuit for selecting either a
short-term mode or a long-term mode for the output signal of the inverse adaptive quantizer (59,102),
according to the detection result of said first circuit and/or said second circuit.
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'EP 0 28% 281 Bl haben, welche an separaten Orten auf dem Ei nheitskreis der

. Z- Ebene andjeén dApBEMen¢rding and decoding unit according to claim 1 or claim 2, wherein the characteristic of
the adaptive-pole predictor (54,107) is expressed by a pair of Chebyshev polynomials having roots
located at separated positions on the unit circle in the Z-plane.

50 4. An ADPCM encoding and decoding unit according to any preceding claim, wherein the encoder (50)
and the decoder (100) each further comprises an adaptation mode controller (61,103) receiving an input
signal to the inverse adaptive quantizer (69,102) and an output signal of the inverse adaptive quantizer
{59,102) determined from the input signal, wherein the adaptation mode controller (61,103) has a first
circuit for detecting fluctuations in the frequency components of the oulput signal of the inverse

55 adaptive quantizer (59,102), a second circuit for detecting time-dependent fluctuations in the power of
the output signal of the inverse adaptive quantizer -(69,102), and a third circuit for selecting either a
shori-term mode or a long-term mode for the output signal of the inverse adaptive quantizer (59,102),
according to the detection result of said first circuit and/or said second circuit.
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2. ADPCM-Codier- und Decodiereinheit gem#B Anspruch 1, wobei der Codierer (50) und der Decodierer
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3. ADPCM-Codier- und Decodiereinheit gem&B Anspruch 1 oder Anspruch 2, wobei die Charakteristik des
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s0 Revendications

1. Unité de codage et de décodage ADPCM comprenant un circuit de codage (50) ayant un circuit de
prédiction adaptatif (54), un quantificateur adaptatif (55) et un quantificateur adaptatif inverse (59) ; et
un circuit de décodage (100) ayant un circuit de prédiction adaptatif (107) et un quantificateur adaptatif

55 inverse (102) ; le circuit de prédiction adaptatif (54, 107) dans chacun des circuits de codage (50) et de
décodage (100) recevant un signal de difiérence reconstruit en provenance du quantificateur adaptatif
inverse respectif (59, 102) et comprenant un circuit de prédiction 2 zéro adaptatif (65, 121) d'ordre
arbitraire pour recevoir le signal de différence et produire des évaluations de signaux avec des
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circuit de [sMesickeytsa pedistpna rdie-Adentatif (71) dioydrp agbitraire pour recevolr le signal modifié par le

circuit de prédiction & zéro adaptafif (65) et pour produire des évaluations des signaux d'entrée avec
des composantes de fréquence variant dans le temps, un circuit de prédiction & pdle fixe (73) d'ordre
arbitraire pour recevoir le signal davantage modifié par le circuit de prédiction & pdle adaptatif (71) et
50 pour produire des évaluations des signaux d'entrée, les composantes de fréquence de ceux-ci restent
sensiblement invariantes dans le temps, caractérisé par un circuit de prédiction & décalage (68)
connecté en paralléle avec le circuit de prédiction & zéro adaptatif (65), avec le circuit de prédiction &
pdle adaptatif (71) et avec le circuit de prédiction 2 pdle fixe (73) pour recevoir le signal de différence
reconstruit et pour rejeter une composante & décalage des signaux d'entrée.
56
7. Circuit de décodage ADPCM (100) ayant un circuit de prédiction adaptatif (107) et un quantificateur
adaptatif inverse (102) ; le circuit de prédiction adaptatif (107) recevant un signal de différence
reconstruit en provenance du quantificateur adaptatif inverse (102) et comprenant un circuit de
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pour produire des 4val uations des signaux d entr6e, |os co
f requence de ceux-ci restent senm&,ﬁrﬁﬂtz {BYarl ant es dansnl)lllm“um“mm”“m
caracteris6 par un circuit de predrc &1 BLlcal age (124) conneetetemt S
parallble avec le circuit de prediction a zAro adaptatif (121), avec le
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predi ction agdaBévBiudtoneSdds wP@bHréé Q6R Vs rconlnﬁ‘osﬁdt&néa réiﬁ r@bfvgrﬁﬁlemg le temps,
reconstruit gicuip@eiprédictibeh pble dtpafiqNIIPEaalcQroRraCsoal RERIER Sighdl odHis<pad leenéuitde .
15 20 25 30 depréfictibh addrddaiapthtif (121) et pour produire des évaluations des signaux d'entrée avec des
& composantes de fréquence variant dans ls temps, un circuit de prédiction & pdle fixe (129) d'ordre
arbitraire pour recevoir le signal davantage modifié par le circuit de prédiction & pdle adaptatif (127) et
pour produire des évaluations des signaux d'entrée, les composantses de fréquence de ceux-ci restent
sensiblement invariantes dans le temps, caractérisé par un circuit de prédiction & décalage (124)
connecié en paralldle avec Ie circuit de prédiction 2 zéro adaptatif (121), avec le circuit de prédiction a
10 pble adaptatif (127) et avec le circuit de prédiction & pSle fixe (129) pour recevoir le signal de
différence reconstruit et pour rejeter une composante & décalage des signaux d'entrés.
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