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The present 1nvent10n relates to a signal coding method

and apparatus in which an input signal is time axis/frequeﬁcy

axis converted for quantization and more particularly, to a
signal coding method and appafatus which can preferably be used
when coding aﬁ audio signal with a high efficiency. |
Description of the Prior Art

Conventionally, various Signal coding methods are known
for carrying out a signal compression by utilizing statistical
characteristics in a time region and a frequency region of an
audio signal (including a sound signal and an acoustic signal)
and characteristics of the human hearing sense. Such'coding
methods can be divided into a coding ih a time region, a coding
in a frequency region, an analysis—synthesis coding, and the
like.

When coding an audio signgl, especially an acoustic signal
or a music signal, -more consideration is taken on the sound
quality rather than the quantization efficiency. For thi§; a
quantization.by way of scalar quantization is generally used

and accordingly, the lower limit of the sign bit rate is

comparatively high.

However, in a rapid progress of communication media into

the multimedia system, it is required to provide a technique

gual ity rather than the quantlzatlon

an



coﬁparatively hi gh. However, in a rapid progress of comunication
.mediainto the nultinedia system it is required to provide a technique
-2- for reduced rate coding while suppressing deterioration of the sound
quality. To cope with this, introduction of a vector quantization

Is required, but in the vector quantizatjion, re productivity of a
so-call ed isol ated spectrum i.e., sonﬁ*ﬁéak portions present in an audio
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. SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a signal coding method and apparatus capable of
increasing reproductivity of an isolated spectrum which is a
peak portion as well as to increase the sound quality while
realizing a reduced rate by way of vector quantization.

In order to achieve the aforementioned object, the present
invention is characterized in that an input signal is subjected
to a time axis/freqﬁency axis conversion so as to obtain a
coefficient on the frequency axis and according to a 'bit
allocation of the coefficient, a scalar quantization and a
vector quantization are controlled to be carried out to the
aforementioned coefficient.

As a control method between the scalar quantization and
the vectop quantization, there can be exemplified a selective
method to carry out the scalar quantization for coefficients
on the frequency axis having allocation bits equal to or above
a predetermined threshold value.

Here, the vector quantization is carried out with weight



met hod to carry out the scalar quantization for coefficients on the
frequency axis having allocation bits equal to or above a predeterm ned

t hreshol d val ue. Here, the vector quantization is carried out with
wei ght -3- o for the coefficients
whi ch have been subjected the scal ar uantization, so as to.ignore anong
t he vector quantization outputs, thosE outputs corresponding to the
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sub-vect ors. ' Moreover, it is preferable to normalize a tine axis
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normal i zation for cal 5 or aneftone ion bit.
coefficient is used as an input to the vector quantization and

an output of the vector quantization is added to an output of
the aforementioned scalar quantization for output.

The aforementioned vector quantization is carried out by
dividing an input vector into a plurality of sub—-vectors, so
that a plurality of codebooks are switched from one to another
according to the bit allocation corresponding to each of the
sub—-vectors.

Moreover, it is preferable.tb normalize a time axis signal
by feature extraction prior to be subjected to the
aforementioned time axis/frequency axis conversion and to use
a parameter of this normalization for calculating the
aforementioned allocation bit.

Furthermore, it is possible to carry out the
aforementioned. vector quéntization to a plurality of
sub-vectors obtained by interleaving an input vector.

A coefficient on the frequency axis which has inferior
reproductivity by the vector quantization can be quantized by

scalar quantization.



Furthernore, it is possible to carry out the aforenentioned
vector quantization to a plurality of sub-vectors obtained by

i nterleaving an input vector. * A coefficient on the frequency axis.
which has inferior reproductivity by the vector quantization can be
guanti zed by scalar quantization. —4-

-4- BRI EF DESCRIPTICN CF THE DRAMVNGS . Fig. is a block diagram
showi ng a BRS SCRAE awrggdi nent of the present invention.
Fig. 2is a flomchart for explanatlon of an operation according to an
enbodi ment of tﬁegprBSeﬁtblmmbniiQEram shOWIHEQﬁ s ifc adulfdeuritigna mt

showi ng a ] eC| confi ion - fo carr n out a scalar quantization
(SQ and a? BPalmﬁﬂﬁng?zgéFoﬂrfﬁﬁy inve Fgﬁ 4 is a block diagram
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according to an enbo ment t he present

DESCRI PTI mbésratEgPEEFaRREﬁbEﬂ/ﬁﬁahﬁ/EM Sthe pres®S€rimbdfion)! now be
directed to preferred enbodi nents of the present invention with reference
to the att achedF1@I<r awilfgs. block dfygram showing eckpecifiamatfigurgtiohasic

confi gurat ] on of a .si naltcodlng fgparatu% ac Qrdln to an enbodi nent of
t he prese Iﬁ.‘\?é‘rﬁy ou a quan lza ion and a vector

quantization (VQ).

Fig. 4 is a block diagram showing a configuration example
of an audio signal coding apparatus according to an embodiment

of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Description will now be directed to preferred embodiments
of the present invention with reference to the attached
drawings.

Fig. 1 is a block diagram showing a basic configuration
of a signal coding apparatus according to an embodiment of the
present invention.

In Fig. 1, an input terminal 100 is supplied with a
waveform signal the. time axis, for example, an audio signal.
More specifically, there can be exemplified é so—called wide
band audio signal in the order of 0 to 8 kHz with a sampling
frequency Fs of 16 kHz. However, the present invention is not
to be limited to such a signal.

An input signal from the input terminal 100 is supplied

to a normalization circuit 101. This normalization circuit 101



In"Fig. 1, an input terminal 100 is supplied with a waveform signal the

.time axis, for exanple, an audio signal. Mre specifically, there can be

exenplified a so-called wide bandjaudio signal in the order of 0 to 8 kHz

with a sanpling frequency Fs of 16 kHz. However, the present invention is

not to be limted to such a signal. 5 An input signal fromthe input
ati

terminal 100 is supplied to a normali on circuit 101. This
normal i zat ien adisccugéallie as a whitening circuit where a whiteBingi dsal so

called as a vtht&nin circuit where_a whitenipg.is carried out h

ext ract i ngCFELT 87 eQUbPY IRXYTARF IRE, EPBFITET (R the gl My et odm 5§)éf‘81t ake
out -a pre?hg%ig@fii.ggiéd%esprt Theace WRLEENL NG, Al LG drf MReURYGECT M G848 e

carried ou edi ction or non-I1near prediction. For éxanple,

the input whiteRin@Vvef ctHe Sf e wanest dxm \Wirl &ee & aBr Rl oft bye al ilhaekr
predictive coding (LPC) and the pitch analysis. The tinme waveform
si gnal whi peeddickionr amsnontrddneesnpradictionnnl Feat eaanplecutheldnpusy a

time axis/f{requency axis conversion_(T/E mappi circuit_ 1. 02 where the
omal 1 o CLBRy SRS A8 DoRBR oy tanid CRd by et 1% 40e TABBRRG,

an orthog S Ofs A : t ' ete cosjne
transform %{ge%lﬁée JF‘r(g }llfl?egﬁ%%ill W%ﬁ!ﬁ} ags}f‘afy ourier transform (FFT)
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obtained in the T/F conversion circuit is fed to a quantization circuit
103 servi mereal igahion atqidtetidand Odhete staltkmeuamis/firegnensy) ands

vector conversion (T/F mapping) circuit 102 where the signal is

converted into a frequency axis signal. For this T/F mapping,
an orthogonal conversion is often used such as the discrete
cosine transform (DCT), the modified DCT (MDCT), the fast
Fourier transform_(FFT) and the like. .A parametér such as an
MDCT coefficient or FFT coefficient obtained in the T/F
conversion circuit is fed to a quantization circuit 103 serving
as quantization means where scalar quantization (SQ) and vector
quantization (VQ) are carried out in combination. If the
coefficient obtained from this T/F conversion for each frame
is assumed to be an N-dimensional vector y, in order to carry
out an effective quantization of this coefficient vector y =
(y(0), y(1), ... y(N-1))t, it is necessary to determine a
quantization bit allocation for each coefficient.. This bit
allocation can be obtained from a hearing sense masking model
or more simply, from the parameter such as the LPC coefficient

obtained during whitening in the aforementioned normaltization

circuit 101 and an amount p (i) calculated from the



quainti zation (VQ are carried out in conbination. If the coefficient
obtained fromthis T/F conversion for each frame is assuned to be an

N- di nensi onal -vector y, in order to carry out an effective quantization of
this coefficient vector y = (y(0), y(I), ... y(N1))[err], it is necessary
to determine a quantization bit allocaion for each coefficient. This bit
al l ocation can be obtained froma hearing sense naski ng nodel _or nore

si npl y, freﬁpraeepaiane‘ﬂ@oesiﬁ:ﬂw:i@m e L%geb@aﬁearrerﬁhis()m diinedriddyr ibeg

whitening in_the o] enentlon d. nor gl i zati on rcujt 101 an anoynt p
(i) calculgﬁgﬁqﬂéingﬁ E% { qQOca%1on deéermlnatlon 1gd%§. p.\

af or enent | p@é i$PeT Lk dﬁlﬁu of tHe' ﬁwaéiftfcaéﬂinsth(aﬁnlﬂ'hﬂoﬁ)elndéf (igd to

as a bit alfocation term nati on | ndex specific exanple of the bit

al | ocati onyglefebsl data@ledndatep(i) W ll be detailed later. The bit
allocation circuit 104 cal culates an allocation bit according to the

af orenenti oned Paeahibterldocatien icArcnét Afdngrileadpsesceic LOL@L1i9Rd t he
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determ nat1on = log[err wherein g
representScaneerseohleﬁraummnuoﬂor generauﬂyatannallAchmuah batbde (af) ,bi t s
B all owed for coefficient quantization w.thin one frane should be a

const ant Vh;ge,ora51hgﬂlhgﬂiggptgﬁ@ for the i-th coefficient can be

expressed as follows by using the aforementioned bit allocation
determination index p(i).

ba(i) = log,(p(i)) + q
wherein q represents a correction amount for generalization.
A total number of bits B allowed for coefficient quantization
within one frame should be a constant value or a value near the
constant value and accordingly, the aforementioned correction

amount q is determined as follows.

[Expression 1]

N=1

B-) logy(p (1)

=0

N

q:

According to the allocation bit ba(i) obtained for each
of the coefficient, control is carried out for carrying out
scalar quantization (SQ) and vector quantization (VQ). More

specifically, for example, an allocation bit threshold value



conStant val ue and accordingly, the aforenentioned correction anount q is
determ ned as follows. [ Expression 1] qg =[err] According to
the allocation bit ba(i) obtained for each of the coefficient, control is
carried out .for carrying out scalar quantization (SQ and vector
quantization (VQ. Mre specifically, fpr exanple, an -allocation bit
threshol d val ue . "~ -7- is determned in
advance, sds satemminedaliar advancezaspohhatdthet fealart guantidnetioni andi s
selected on.a condition as.follows.: If ba(i L bSQ: Lhen scal ar
Coanel oot | ity &Eter PhalRpelidilis spdacterlahybobondibbar Sh t SELetEs
Because the af or tdsqned | o j PN -TAR W y nt it
Fi“%a b8k, 0¢AkhOBcRI & hhtizaPPbnafsq) Nteger, | :
cannot be used _|recJP§ ?or Phe nopnaf scglgé qua%t?z%t?o%? From t he
ba(i), an integdsf bal(i® f« b3Q,) then veeedraquaheigusibhz4vQon bit for
carrying out the scalar quantization. The following is an exanple of the
f(x), wherein Begeugp theaafeorrnendiongdgeddogationcbt bhehibsistrot anx.
[EXpreSSIOQAQeger, it cannot be usedfgé%e5t1V¥¥Jr the normal scalar
quantization. From the ba(i), an integer value f(ba(i)) is
used as the quantization bit for carrying out the scalar
quantization. The following is an example of the f(x), wherein

rint(x) is a function to give an integer nearest to the x.

[Expression 2]

brieh (25,0
JS(x) = \rint(x) (@ mgh>X2b50)

x other (for V()

In this Expression, as the values of the bg and Dby,
there can be exemplified bgy = 2 and by, = 4. However, they
are not limited to these values.

If the number of allocation bits is made into an integer
in this way, the necessary'number of bits in thée final frame
adjusted by the.aforementioned correction q will cause a great
difference. Consequently, q’ which makes the following

Expression near to B is searched in the vicinity of q.



In this Expression, as the values of the b[err] and b[err], there can be
exemplified b[err] = 2 and b[err] = 4. However, they are not limted to

t hese val ues. | f the nunber of allocation bits is nade into an
integer in this way, the necessary nunber of bits in the final frane

adj usted by the aforenentioned correctign q will cause a great. difference.
g which nakes the followng Expression near to Bis

Consequent | vy,

sear ched i rlBxpressian t3] of q. - 8-

[ Expressi on 3] [err] Wth this g, the final allocation brt ba' (i)
is determ ned for each of thgcoeffigjents. The bit allocation

circuit 104 determ nes such baytiain wh ' gRFyitted to the
guanti zation (SQ and VQ circUyt %3 g?ﬁég%ﬁemqua??t i zation (SQ and VQ

circuit 103, according to this allocation bit ba' (i), the scalar
gquanti zation (SQ and vector quantization (VQ are controlled. Mre
speci fi cal Mith gbikag’ bethe dbgwli pddogbbien bitlke’' (JUardis deteoninsd) fos

carried out for coefficients equal to or above a predeterm ned threshold
val ue and \?@Gglopfqﬁ’ F?é&f&ﬁ@?téarri ed out for the other coefficients.

In this case, 1§pueqf ¥ GYPOLLEAbACRireuit 104 determines such ba’(i)
which is transmitted to the quantization (SQ and VQ) circuit
103. in the quantization (SQ and VQ) circuit 103, according
to this allocation bit ba’(i), the scalar quantization (SQ) and
vector quantization (VQ) are controlled. More specifically,
as has been ‘described above, scalar quantization (SQ) is
carried out for coefficients equal to or above a predetermined
threshold value and vector quantization is carried out for the
other coefficients. 1In this case, if vector quantization is
carried out for the remaining coefficents after excluding the
coefficients subjected to the scalar coefficients, the numﬁer
of coefficients to be subjected to scalar quantization may vary
from frame to frame and accordingly the number of dimensions
of the vector dquantization may vary from to frame.
Consequently, it is pfeferable to fix the nﬁmber of dimensions
of the vector quantization to the total number N of all the
coefficients. For example, if there is a coefficient which has
been quantized by the SQ among all the coefficients to be
subjected to quantization, that coefficient is subjected_to
vector quantization with weighting 0 and.in the VQ output, the

result for that coefficient is ignored so as to be replaced by



cartied out for the remaining coefficents after excluding the coefficients
subjected to the scalar coefficients, the nunber of coefficients to be
subj ected to scal ar quantization may vary fromfrane to frame and
accordingly the nunber of dinmensions of the vector quantization may vary
fromto frame. Consequently, it is pref_ggable to fix the nunber of

di nensi ons of the vector quantization t0 the total nunber N of all the
coef fici entay SQrowiempl e H¢rei hitels sprefersble| dhat ihe verkorsdeh be

quanti zed by the SQ anong all the cqefficjents,to, be subjected to
quanti zat i 0%‘,“’"ﬁ’fé\tt‘gcoe‘*?ﬁ“’rg'bt’r’éﬁ“i'%n s&fﬁ ec{’e‘ﬁ" SRV AT %uﬁ"r?&t’it&h S
wei ghti ng Q@30 ekRotk8¢ %Q aghg%e VRRtoreqithht { At idiPlisC Rk 648t Ifor

i gnored so as to be replace y -9
an SQ out peétach Hef e thiet sub-redtarmd) eahdlate thlumvekitf Sof 0 cbdebsokjseairad
quanti zation be divided into a plurality of sub-vectors, so that the
vect or quaselestivalysused rganprdiner §p theachumber of aldogationsbitmdar

plurality %EH codebooks are _sel egét ively used according to the nunber of
al | ocat i on ‘B FeFBectifg FURLEELLIESsub- vect ors. Mor eover, the bit

al location circpphelQdrcaliid 26 2119RaEH0nMd Jrdudit NEGLT BI18GNEEes a
wei ghting in the vector quantization (VQ 1n the quantization (SQ and VQ
circuit 10%eigtitd &M@ )W Eprcahenlrdhed sensed weightinganin zatheon vie8®oand
VQ circuit 103. This weight i) will be detailed later. . An out put
i ndex fronfupBtézakion atVoh 1(!5(% quenfizationt (SQ end VQlktcdieqit df3an

out put tergkaakhéqé(inggfgﬁiédga is fed to the quantization (SQ and VQ)

circuit 103. This weight w(i) will be detailed later.

An output index from the quanfization (SQ and VQ) circuit
103 is fetched from an output terminal 105, whereas the
parameters such as the aforementioned LPC coefficient and the
pitch from the normalization circuit 101 are fetched from an
output terminal 106.

Although the signal coding apparatus of Fig. 1 is shown
as a hardware configuration, it can also be realized as a
software by using a digital signal processor (DSP) and the
like. Fig. 2 is a flowchart showing a signal coding procedure
in such a case. An embodiment of the present inveﬁtion will
be detaiied below with reference to Fig. 2 and Fig. 1.

In Fig. 2, in step S1, a normalization processing is
carried out for the aforementioned whitening, which corresponds
to the aforementioned normalization circuit 101. Here,
explanation will be given on the whitening with the. linear

predictive coding (LPC) and the pitch analysis.



paranmeters such as the aforenentioned LPC coefficient and the pitch from
the normalization circuit 101 are fetched froman output termnal 106.

Al t hough the signal coding apparatus of Fig. 1 is showmn as a hardware
configuration, it can also be realized as a software by using a digital
signal processor (DSP) and the like. Ejg. 2 is a flowhart show ng a
signal coding procedure in such a case. An enbodi ment of the present

i nvention will Abkimptwavesormesdanal tn(nkfag ancdnpytrsiensl gy wingowed

In Fig. 2,_in step S1, a nornualization progcessing is__cartied out .far the
af or enent i BiedP vﬁ'é)qr&ﬁ Lipte, kil ‘E!b?ﬁ!l%‘g p‘)l;%tlolno sg‘f:heas-a? c}‘?aéuﬁ’girﬁ%ug"nlfggo"}

nor mal i zat j [ [ i :Q, tio i b iF¥eRientt he

whi t eni ng %\Aﬁtahaghgglei %ggﬁglﬁﬁgﬁﬁ??vgxgﬁkﬁga( LPg?wa%gct %ggngt ch anal ysi s.
- 10- Aohvaptedveinton salgndlSPx( parameaeri npnd -stlpml dwntiizddredndby an

appropriate tinme w ndow function such as a. Hammi ng wi ndow and an LPC
coeffici eninterpaiateded. ThpcLERCPesaneterewhirh hasnbeepecquapgigedaps sp

paraneter ang then .quantiz and..J nterpol ated. The -LSP ich
has been qgi@&htH i'éadﬁ? §%%893Pnﬁgrﬁd%°?§ﬁ’0°’aer?t"llpﬁogﬁgf‘ﬂlgf%%ta,n 2{1(2{;? {v%? F%g an
LPC reversgs1fdlt erppel NGid indd R vea\beor iadnalny( By hérhatiBbdzeg or

whi t ened tﬁ%%ﬁ%t tr.]ll,hse F&g%\%rriée fiv}é?e(rﬁpss?gglsaqtg(ggt ain arI{ LPC residue

rl (n). Herwhiténédethroumghsthisi EPGsseverséof bEtér, so 4PCtoegbtaén an

rferr]'(n)_of a preceding frame, i.e., past by one frane, is useg tﬁ
expand t helR@fregidusn m&ad on Harehdfr ther frame size is assumed to be N,

an LPC residue r,’(n) of a preceding frame, i.e., past by one
frame, is used to expand the definition'region of the r,(n)
from 0 s n < N to -N s n < N. In the region of n < 0, the
following
r;(n) = r,’ (n+N)

is defined and this r,(n) is used for pitch calculation. A
pitch gain may be an analysis for a single point of a pitch,
but in this example, in order to increase the accuraéyiof the
pitch (periodicity, i.e., so—called pitch lag) and the pitch
gain, three pitch gains g,, g, and g, are calculated for the

pitch center p and two points before and after the center p#l.

[Expression 4]
N-1

) = Y (ry (=g yry(n-k-1)-gyr,(n-k)-g,r(n—k+1))*
n=0

The k which minimizes the above Expression is assumed to be a

pitch p and three pitch gains at the three points with the



fromO [err] n < Nto -N[err] n <N Inthe region of n <0, the

foll ow ng rferr](n) =r[err]'(ntN) is defined and this r[err](n) is
used for pitch calculation. A pitch gain may be an analysis for a single
point of a pitch, but in this exanple, in order to increase the accuracy
of the pitch (periodicity, i.e., so-cp{led pitch lag) and the. pitch gain,
three pitch gains g[err], g[err] and glerr] are calculated for the pitch
center p ansedter poiddrms tidfutes angitichergaime veertioar gpE (g2[.Bgpt egg) on 4]
[err] The k which nmnimzes the above Expression is assuned-to_be a
pitch p and thr &&isi pdicBaPnandith@itehe@ais Nestorts #he quantized to

comter P AP £ laRbAsRa R deh Bt Yo Lo T 550l o
Fuant L 20, Rk ighd, VRBLpLeK ol Aot VB UE bl g
rlerr](n) tomroftihizing ethid (W)C Fés bdudCr, (mesialusbtd i ?mm)) WhiTHi hadsP®een
normal i zed is supplied to the af orenenti oned T/F conversion circuit 102.
In step S2rasiduecrr@di giiclh ehes (Rpephinarnad ized nis agrerligdertor bhe T/ F
(L1 1me axi oLl eduenty S /A0 RYRbEd1 0Bk kBl e ToE.conversion. for
In step S2, the LPC residue r,(n) which is a time axis
waveform is T/F (time-axis/frequency axis) converted. For this
T/F conversion, for example, the MDCT is used.
In step S3, calculation of the bit allocation is carried
out, which corresponds to the bit allocation circuit 104 in
Fig. 1. As has been described above, this bit allocation is
calculated, for example, according to a hearing sense masking
model or a parameter such as an LPC coefficient obtained i the
aforementioned normalization (whitening) and the bit allocation
determination index p(i) calculated from the aforementioned
coefficient y. Moreover, in this step S3, a weight w(i) is
also calculated for hearing sense weighting during a vector
quanti;ation (vQ) at a later stage.
Firstly, an - explanatién will be given on the
aforementioned bit allocation determination index p(i).
The quantized LPC coefficient Q(«;) (wherein i is assumed
to be, for example, 1 < i < 10) obtained in the aforementioned
normalization (whitening), the pitch p, and the quantized pitch

gain vector Q(g) are used to constitute an LPC éynthesis filter

and a pitch synthesis filter. These filters have ‘transmission



In step S3, calculation of the bit allocation is carried out, which
corresponds to the bit allocation circuit 104 in Fig. 1. As has been
descri bed above, this bit allocation is calculated, for exanple, according
to.a hearing sense nasking nodel or a paraneter such as an LPC coefficient
obtained i the aforenmentioned nornmalizb2+on (whitening) and the bit

all ocation determ nation index cal cul ated fromthe aforenentioned
coef fici enfugctipneckiéz) amdth(gfwlepclsacara heiepprexsedias faldowsal cul at ed
far -hearing sense weighting during a vector quantization (VQ at a later

st age. Firstl y, an explanation Wil | be gi ven on the
af orenent i ok ation determ nation index p(i). The quanti zed
LPC coeffi ci ent errﬁ: (wherein i is assumed to be, for exanple, 1 [err]

i [err] 10) obtai ned in the aforenentioned normalization (whitening), the
pitch p, and the quantized pitch @ i_n_veclor Q(g) are used to constitute
an LPC -synthesis filter and a.pwq' synhhe5|s filter. These filters have
transm ssi on z:g(olcg< -12- functions H(z) and
P(z) Whl ch can be expressed as follows. =t [EXpression 5] [err]

P@) = 1

1

1-Y 0().""

t=-1

Moreover, the frequency response h(i) and pch(i) of the

functions H(z) and P(2z) ére obtained. Here, i represents
respective points on the frequency axis. Furthermore, the
coefficient after the aforementioned T/F conversion is handled
for each critical band width or the critical band width is
further divided into blocks. A peak wvalue P,(j) of the j-th
.biock is fetched and quantized, so that the quantized value
Q(P,(j)) is used as a normalization factor of that block.
Consequently, the aforementioned bit allocation determination
index p(i) which is a general normalization factor on the
frequency axis can be expressed as follows.

p(i) = h(i)pch(i)Q(P,(j)) (i e block j)

Next, for the weighting, firstly, LPC and pitch hearing
sense weighting filters are constituted. These filters have
transmission functions W,(z) and W,(z) which, for example, can

bé expressed as follows.



Mor eover, the frequency response h(i) and pch(i) of the functions H(z) -and
P(z) are obtained. Here, i represents respective points on the frequency
axis. Furthernore, the coefficient after the aforenentioned T/ F
conversion is handled for each critical band width or the critical band
width is further divided into blocks. A peak value Plerr](j) -of the j-th
bl ock is.fetched and quantized, so thatlBhe quantized value QPlerr](j))

i s used asBXRELFBAPRabilon factor of that block. Consequently, the
aforenentioned bit allocation determnation index p(i) which is”a general
normal i zati on factor on the frequency a@s canﬁbe expressed as foll ows.
p(i) = h(i)pch(i)QPb(j)) (i [err] bl dGEjYiQ(a,),- Next, for the weighting,
firstly, LPC and pitch hearing gepse werghting filters are constituted.
These filters have transm ssion flunctions Werr](z) and Werr](z) which,
for exanple, can be expressed as foll deYzQ(a,),

-13- [Expression 6] [err] t=1
' 1
W) = —
1-Y 206),""
t=-1

Here, the constants y,, v;,» and A may be, for example, vy, = 0.8,

Y = 0.5, and A = 0.7. However, the constants are not to be

limited to these values.

The aforementioned weight w(i) can be calculated by using
frequency responses w;(i) and w,(i) of the aforementioned
functions W,(z) and W,(z) and Q(P’,(Jj)) derived from the
QP ().

w(i) = wi(i)w, (1)Q(P"4(3)) (i € block j)

As the aforementioned Q(P’,(j)), for example, the following can
be used, but.not to limited to it. _

AP’y (3)) = (Q(P,(3)))F (0 <r < 1)

Next, explanation will be given with reference to Fig. 3,
on the scalar quantization and the vector quantization carried
out in step S4 of Fig. 2 or in the quantization (SQ and VQ)
circuit 103 of Fig. 1.

In Fig. 3, an input terminal 21 is supplied with a

coefficient vector y = (y(0), y(1), ... u(N-1))* consisting of



Here, the constants [err], [err], and [err] may be, for exanple, [err] =
0.8, [err] =0.5, and [err] =0.7. However, the constants are not to be
limted to these val ues. The af orenenti oned weight w(i) can be

cal cul ated by using frequency responses werr](i) and werr] (i) of the
af orenentioned functions Werr](z) gﬂgl_V\[err](z) and QP ferr](j))

derived f th Pb(j)). )" = i)W i P i
(i Terr] DNookef §ichentdhitiicdy ban bahecseRi=qiad (i) Fpe PEPISRERFIEheh,
fol | ow b d, but t . toJinm AR =
(%( p?\glr P]g(f??) [Céarenr uesresmn.u( Oﬁgrf.g lltl) s egsgﬁg'ﬁ{i, téx)?pt):] aIrf&§ FgLearW.r%éfpe)fgi ven

with referpngexbe R0 tBe coBrlieheisntkartdlupst sudlieeBeandd henyestalar
quanti zation carrie out in step S4 of Fig. 2 or in the quantization (SQ

and VQ cqusntiza@3onf F5Q) land I, IbsFig. skt amfi nimdexesni ofl 2hejs
i ith ffici : = 1), ... N-
igﬁgi Is'? ?n\émc&fficiceoz?ts ItCoI %r;t s\a%%te%rte% to( >4:(h%) ’ve%(to)r’ gggnt%g@(gi?o%li[ g:{’r@hts
whi ch have, _begen,subj.ected to_the .afgre Loned T/ F eLsi e, it
is assurredTlﬁgt 1fpeltr e?rgsa°§e_tﬁ(}f tqfencrir“g‘g(léef'sﬂ(}fl?hteé c%‘g??él!c%gh?gc%%dgga
subj ect ed § . 4 B, SERLAT arHURIN ided | Ded SEhe ang dd@rr}.is a set of indexes

of the coefficients to be subjected to the vector quantization (VQ. That
is, indexes of @ I.thaN€bkf#f X, entllgyi dlshensipjrd@ ed to quantization are
divi ded in’f‘l?etg% Ia[nr?ér Qangré[ggrlLéted, as has been described above,
according to the aforementioned bit allocation ba’(i) by an
SQ/VQ selecter 22.
Firstly, scalar quantizafion is carried out for i € ISQ.
There can a siné‘le codebook or a plurality of codebooks of the
scalar quantization. The present embodiment uses codebooks S2,
S3, and S4 having the quantization bit number 2, 3, and 4,
respeétively. An SQ codebook selecter 24 selects which of
these codebooks is to be used, according to the aforementioned
bit allocation ba’(i). An output Q(y(i)) which has been
quantized by an SQ (scalar qﬁantization) block 25 is obtained,
by using j = SQiudex whici1 minimizes |y(i) — Spay(J) [* in the
range of 0 < j < 24, as follows.
(i) = Spar(1) (SQundex)
The results of the scalar quantization (SQ) are collected to

create a N~dimensional vector ¥s. The i—th element ys(i) of

this vector (0 < i < N) is as follows:



(0 ... N1] = 1I[err] [err] I[err], I[err] [err] I[err] = 0 The SQ and VQ
are sel ected, as has been descri bed above, according to the aforenentioned
bit allocation ba' (i) by an SQ VQ sel ecter 22. Firstly, scalar

gquanti zation is carried out for i e 1SQ There can a single codebook or a
plurality of codebooks of the scalar quantization. The present enbodi nent
uses codebgoks S2, = S3, and S4 having thES-quanti zation bit nunber 2, 3, and
4, respeclEx@ressiomn7dQ codebook sel ecter 24 selects which of these
codebooks is to be used, according to the aforenentioned bit altocation

ba' (i). An output QQy(i)) which has be rqg&»ant}gfd by an SQ (scal ar
quanti zation) block 25 is Obtﬁé@&a b gj] =&Q err] which mnimzes
|y(i) - S[err](j) J[err] int %ngé gf O [ergdyi < 2[err], as follows.
y(i) = S[err](SQerr]) The results of tthe scal ar *uanti zation (SQ are
collected to create a N-dinensional vector y[err]. The i-th el ement
ys[err] (i) of this vector (O [err] i < N) is as follows:

%o XS ] oxmpgnatin i 'be VAT L8 PekfoP SNEn e
index set (vQ). The number of elements of the aforementioned index set
IVQ varies from frame to f{frame. If these elements are
collected so as to be subjected to vector quantization,
adjustment of the number of the dimensions is complicated and
codebook required varies depending on the number of dimensions
required. In the present embodiment, all the N are subjected
to quantization with a fixed dimension. However, for those
coefficients which have been already subjected to the scalar
quantization, the vector quantization weighting is set to 0.
More specifically, firstly, N coefficients are divided
into M—dimensional sub—vectors. For example, the coefficients
are divided simply for each M dimensions, starting at a lower
ﬁand. When the N/M sub-vectors obtained, for the k-th
sub—-vector
¥k = (y(kM), y(kM+1), ... y(kM+M-1)°
the weight vector obtained beforehand is also divided to create

W, . It should be noted that the j—-th element w,(j) of w, is

defined as follows.



IVQ varies fromframe to frame. If these elenents are coll ected so as
to be subjected to vector quantizati on, adj ust nrent of the nunber of the
di mensions is conpli.cated and codebook required vari es dependi ng on the
nurber of di nmensions required. In the present enbodinent, all the N are
subj ect ed to quantization with a fixeg di rensi on. However, - for those
coefficieqﬁﬁcmhlch have been already su ?ected to the scal ar

quant i zat | GFEPEERS IR &Y quanti zation weighting is set to O. Nor e
specifically, firstly, N coefficients are divided into Mdinenstonal
sub-vectors. For exanple, the coefficients :-are divided sinply for each M
di mensions, starting at a | ower kM +)) W + 76 thAsub vectors
obtained, for the k-th sulfp(ketdr Y (}ég y(kMHl), .

y(kM-M 1)[err] the weight vector 8bt ai ned e hﬂnd is also divided to
create werr]. It should be noted that the j-th element wWerr](j) of
wWerr] is defined as follows.

[ Expression 8] ¢ n e f Nt;is0 SQ
case, it is possﬁﬁe $E s s?'én Itielgv co e%ﬁ%?retd;es?ureglglg‘tay 15'fn§j
codebooks paliisgib Jay etsWusehed éim@nmt @odebbber .orfi 4Sbliyralliey todt GVQ bi t

allocation By[err] of the sub-vector y[err] is calcul ated by
codebooks which are switched from one to another. Firstly, the
total bit allocation By, of the sub-vector y, is calculated by
the VQ bit allocation calculator 23 in.Fig. 3. For example,
" an a;eragé bit allocation as follows can be used but the bit

allocation is not to be limited to this.

[Expression 9]

) ba (kM +)

0 s <M, M e,

> 1

0 < /<M, kM el

. B, =

Yg

When the aforementioned By, is given, a mapping rule is
predetermined which codebook is to be used from the L codebooks
(Cy Cyy ...C,). According to this mapping rule, a codebook C,
is selected to be used for the sub-vector Y- This codebook
selection is carried out by a VQ codebook selector 26 in Fig.

- 3.

For the selected codebook C,, if the bit allocation is



the"VQ bit allocation calculator 23 in Fig. 3. For exanple, an average bit
allocation as follows can be used but the bit allocation is not to be

Timted to this. [ Expression 9] [err] When t he

af orenenti oned By[err] is given, a mapping rule is predeterm ned which
codebook is to be used fromthe L codebgg (C[err] Jerr], ....Jerr]).
According to this mapping rule, a codeb Clerr] is selected tq he used

for the subssumedr ty[ dier B, Woél @bd‘ebmkmseﬁeé?aﬁﬁhﬁg &heti 8drd@d 285 a VQ
codebpok S ctgéna? p F L g. range of gor the ﬁﬁhgcteghﬁgdegogﬁagqu%h

the bit al % (] assded to

be B[err], t v b
| Werr] (y[err ar%ﬁl}/grﬁﬁﬂledﬁ% %&Eﬁgﬁtdg ?ﬁnﬁﬁ%&fmn ( Q) Lock

quanti zed 2@t phroGEkk) mtleipkilefr2sn time becexwregsaﬂlasufaiﬂqWK) block 27
through a nultiplier 28 can be expressed as foll ows. [ Expressi on 10]
Qvyk) = ACr(VQ err]) wherein W = di ag(wk)

[{Expression 10]
Q(yk) = ACr(vQindex)
wherein
Wk = diag(wk)
Cr(l) is the 1l-th element vector of Cr.

1 (i=/ and KM +i€l )
v " 0 (other)

The multiplier 28 multiplies the matrix A of this
Expression for the output from the VQ block 27.

The M-dimensional quaﬁtized output Q(yk) (0 < k < N/M)
obtained by the vector quantization ‘are connected to one
another, on the contrary to the aforementioned division, so as
to create an N-dimensional vector Q(x¥)y, which is added to the
aforementioned scalar quantized output Q(X¥)s, in an adder 29,
so as to obtain the final output Q(y) of the quantization block
for the N coefficients § as follows:

Qx) = Q(¥)sq + QX

Here, it should be noted that by transmitting a parameter
which determines the weight in quantization{ it is possible to

restore an operation identical to an encoder. That is, from



Cr(1) is the 1-th elenent vector of C. [err] The mul tiplier 28
multiplies the matrix A of this Expression for the output fromthe VQ

bl ock 27. The M di nensional quantized output Qvyk) (0 [err] k [err]
N'M obtained by the vector quantization are connected to one another, on
the contrary to the aforenentioned diyigion, so as to create.an

N-di mensi onal vector Q(y)[err], which I's added to the aforementioned

scal ar quathé¢ zafb ranqnitioped) Péitr]illﬂc%ihl%md@f @9, al@éieas itoigbrassibhe

final output f th k ef f
flolnﬁowgu Pto 8%(%?)10 n@(i&‘?“gf% t@l(:g?’f‘ r(r)’fndex Itkﬁ?r%e HSﬁIF%hené no%g
that by ”?ﬂééfiéiwglewﬁg?mﬁy am'eﬂed@s&éﬂwﬁstsheewﬁwat ihNthe SQ

quanti zati on 'S possI restore an operation identical to an
encoder. Témd V@, fAcwordingly, the decoder can carry out intetfrethéion

af orenentioned bit allocation ba' (i) alone, it is possible to determ ne
the coef fiandmevensex quenbézstibpe ¢thep egoodeposutpeh Withouta@tInFidad t he
codebook to be used in the SQ and VQ Accordingly, the decoder can carry
out inter ptBEERHHODng reverse quantization of the encoder output without

any side infonald 0Ryy lanatlgﬁ)ﬁllle)ﬁél ﬁ%hoan‘%ﬁé a5 \éel%ng,li Ebélﬁéd' 0

si gnal coding appar at us as a nore specific configuration exanple of
apparatus as a more specific configuration example of the

aforementioned embodiment with reference to Fig. 4.

In Fig. 4, an input terminal 10 is supplied with a digital
audio signal obtained from A/D conversion of a so-called wide
band audio sigﬂal of for example 6 to 8 kHz with the sampling
frequency Fs = 16 kHz. This ihput signal is supplied to an LPC
analysis—~quantiztion block 30 where it is subjected to a
Hamming windowing with an analysis length of, for example, 1
frame for 512 samples, so as to calculate an LPC coefficient
of about 10 dimensions, i.e., the « parameter, which is
supplied to an LPC reverse filter 11 to obtain an LPC residue.
For this LPC analysis, some of the 512 samples of a frame which
is a unit of analysis are overlapped with the next block. 1In
this LPC analysis—quantization block 30, the A parameter which
is the LPC coefficient is converted into an LSP (linear
spectrum pair) parameter so as to be quantized and is

transmitted.

The « parameter from the LPC analysis circuit 32 is

transmitted to an «/LSP conversion circuit 33 where it is



af orement i oned enbodi ment with reference to Fig. 4. In Fig. 4, an
input termnal 10 is supplied with a digital audio signal obtained from
‘A D conversion of a so-called wide band audio signal of for exanple 0 to 8
KHz wi th the sampling frequency Fs = 16 kHz. This input signal is supplied
to an LPC anal ysis-quantiztion bl ock 3( ere It is subj ected to a

Hanm ng wi ndowi ng with an anal ysis | engt for E fran& for 512
sanpl es, sePRY¥EE @a!%ﬁ?a?elbﬂeEPC§EBE FPBlEﬁPr ;sg oBPriﬂeH?ﬁens BAS

o ot B8 STRREL ) e unEERL! Bk 100 WEC RS B Sf a
frame whi C@o?fﬁé‘l&ﬂté QQeaeahvgf- of" ggexerkag\psséame the Bsi‘hméh@%

this LPC anal'ysi s-quanti zation fhe aranetér which is the LPC

coefficient.ds, congaitredofnLgrapadrihetldrzaar Tme@émm@mn)wacanﬂed 'S0
as to be quantlzed and is transmtted The a paraneter fromthe LPC
anal ysi s cnutU|f032exsmpl¢aﬁbn1U$eugtbhenN?EtpnyEFg%@hv%¢§h@% éﬂﬁc&h? 33
where it is - converted nto, a

| i near spe‘c‘t]f"ilm paBig | @’5“’?)5?5?1’& dpto 'I];r‘ﬁP pﬁﬁﬁlﬁgt?ﬁit 1Fhe°a[relflﬁ Todlt
SRR T T L i ' 5655 14PE fﬁét%t T Gipbeibe aiﬁté?ﬁ&?&%fé’n' nto,

for exanple paraneters, paraneters

conver5|cnbugfgaﬂgﬁfyk1dguthdhpmhaxan@heambyeqs|ng t he Newt on- Raphson net hod
and the |Ilike. This conversion into LSP paranmeters is carried out because

it is possibl @het &SPoptabneterplrimorthe n/&SPotatvension circuit 33 is-
subjected to a vector'Quéntfzetioﬁ.of matrix quantization in
an LS? quantizer 34. Here, it is_ﬁossible to determine a
difference between frames beforel carrying out the wvector
quantization or to collect a plurality of frames for the matrix
quantization.

The quantized output from this LSP Quantizer 34, i.e., the
LSP vector quantization index is fetched from a terminal 31,
and the quantized LSP vector or reverse;quantization output is
transmitted to an LSP interpolation circuit 36 and to an LSP/a
conversion circuit 38. ”

The LSP interpolation <circuit 36 carries out an
interpolation of a pair of a current frame and a preceding
frame of the LSP vector obtained from the vector quantization
for each of the aforementioned frames in the LSP quantizer 34.
This interpolation is carried out to obtain a rate which will
be required later. In this example, interpolation is carried

out for the 8 times higher rate.



characteristics than the [err] parameter. The LSP paranmeter fromthe
alLSP conversion circuit 33 is subjected to a vector quantization or

matri x quantization in an LSP quantizer 34. Here, it is possible to
det.ermine a difference between frames before carrying out the vector
quantization or to collect a plurality afpgframes for the matri.x

quanti zati on. The quanti zed out put from thi's 'LSP ‘quanti zer 34, i.e.,
the LSP vect orlguasdpraticofanme XUt & exevruse r bid beringi pfl the, AnpHE t he

tized t tizat t t 1 ed
8™ o e o R U o VB PO AR RS G
The LSP i f‘%@fﬂﬁ’é@éf% Cs fe B0 'I%ﬁ’/%#tco%'%eﬂs'ito?xr RQrRLIeN 391 whepdi I Of

a current frame and a.preceding frame of the LSP vector .obtained fromthe .

vector quaitizatdédtive#0dd eapto Qin U"%a&‘fa%%@i“%(i@ﬁd ikr aeseifPichenk Sk
quantizer 34. This interpolation is carried out to obtain a rate which

will be remulimsbt atygre flil tidn s:femamsthelol disepsliahison Thecautpad fouoi for

the 8 tinmes higher rate. - 20-
In order thisr éutcoélvleéVéPQeciW*EJe?l?ﬁTg igt sumplisguto aBoLRE B9verseg t he

LSP vect org hifs |nterp E? t he LSP rangter is. s Jn
LSPr [orr] Sohigs ShaReRR Zbi FonAhmnming Fhe§Fb Eomerts S, 188, k8o llns -
par amet er Mh'iﬁﬁé TP (i‘éevfefﬂs%' enhtel 112 QI reebri¥Pei bk ehe 0l s200HF1 O
di mensions. The output from this LSP/A conversion circuit 37 is supplied
to an LPCawtvengicth ftHe e cparcamétdst fwhiiclbt diani npdatedaf miettenthenesi LPC
resi due.
multiplication rate, so as to obtain a smooth output
Moreover, a 1 multiplication rate LSP coefficient from the
_ LSP quantization circuit 34 is supplied to the LSP/a conversion
circuit 38 where it is converted into an a parameter, which is
supplied to an allocation bit calculation circuit 18 for
carrying out the aforementioned bit allocation. The allocation
bit calculation circuit 18, be§ides the aforementioned
allocation bit ba’(i), carries out calculation of the weight
w(i) used for the quantization of the MDCT coefficient as has
been described above.
The output from the LPC reverse filter 11 is supplied to

a pitch reverse filtér 12 and a pitch analysis circuit'ls which

are used for a pitch prediction which is a long-term

prediction.
Next, explanation will be _given on the long-term
prediction. The 1long—-term prediction is carried out by

subtracting a waveform displaced on the time axis by a pitch



In this LPC reverse filter 11, a reverse filtering is carried out with
the a paranmeter which is updated with the 8 multiplication rate, so as to
obtain a snooth out put. -Moreover, a 1 nultiplication rate LSP
coefficient fromthe LSP quantization circuit 34 is supplied to the
LSP/[err] conversion circuit 38 mhere i I's converted into an a paraneter
which is 0 an alloca i on Q#t culatlon circuit

carrying om?lee'?lﬁglﬁf%?'e%n?fﬁﬁléd $ired i n. th PLYSR ARG ns"so‘l from
cal cul ati ogp@l r&y giddL g}?%b 6%m}, h%oafz% e%ntd 2l h9¢h %&hctti%n(' ),

carries out calcu at1on e weight wWi) us or the quantization of
the MDCT ceekfidaeent IAStibs exmmlejeshisbes dﬁ)ﬁx/ﬁed out thivaghit3pgloifntom
the LPC reverse filter 11 is supplied to itch reverse filter 12 and a
pi tch anal psedistion.t Motehithet athe uBb‘@IChoi)aE' pBt éh'%ﬂﬂ@@irctqfoﬁ&mlm is a
| ong-term predicti pl ana ven on_the

[ 1
o e m cBrEREBoPaInE t9,ch |w3?e9ﬁrb?éa?e?”¥or?fb T GHR R bE: e

subtracti ng,a,yayef ormdi splaced on the tine axis by a pitch

-21- periodicity or pitch lag obtained by the pitch analysis, from the
original waveforhatsdss tin otliei pitch tehapyeils ctdiarcuitesidye.a | pitkehs
exanple, .this is carried out through 3-point prediction. Note that the
pitch lag pBadvREAbdS ofarpigd egutcOneesindeaght @02 pfxame peli®di cithg of a

time axis gggiys1 nrqength is one frame. Among the pitch analysis

"results, a pitch lag is supplied to the pitch reverse filter
12 and an output terminai 42, and a pitch gain is supplied to
a pitch-gain VQ circuit 16. In the pitch gain VW circuit 16,
pitch gains at the three points corresponding to the
aforementioned 3—ppint prediction are subjected to vector
quantization and a codebook index is fetched from the output
terminal 43, so that a representative value veétor Or a reverse
quantization output is transmitted to the pitéhireverse filter
12. The pitch reverse filter 12, according to the
aforementioned pitch analysis results, outputs a pitch
prediction residue of the 3-point pitch prediction. This pitch
prediction residue is supplied to orthogonal conversion means
_which 1is, for example, an MDCT circuit 13, where it is
"subjected to the MDCT processing before being subjected to the
scalar quantization and the hearing sense weighting vector
quantization by the aforementioned quantization (SQ and VQ)
circuit 20. A critical. band peak extraction—quantization

circuit 17, as has been described above, for the coefficient



That is, in the pitch analysis circuit 15 a pitch analysis is
carried out one for each one frane, i.e., the analysis length is one
franme. . Anobng the pitch analysis results, a pitch lag is supplied to the
pitch reverse filter 12 and an output termnal 42, and a pitch gainis
supplied to a pitch gain VQcircuit 16.23n the pitch gain VWcircuit 16,

itch gai t.he th i : ' the .. af i
B poi b pr 2l Bifs BECEE RBIILTACES "ORE MDA prdels i GEARTNL0RTE/E

index is fgbePerkfddMdila daePdlor etlch R¥it4i2alS Bahdawidthepoeseireheye

val ue vector or a-reverse -quantization autput .is transmtted to the pitch

reverse fidieididg.the Fhétipalchandevidth intpt blocks, fetechesi agredl the
af orenenti oned pitch analysis results, outputs a pitchu.ﬁrediction‘re i due

of the 3-ptrhieppfceashediiagiso 185 stPi deh WYpizad on TRES gBRaRL1IZEA ) i ed
t th ' LER s JaSi on ' jLCui t
13, vhor S VE e XY SipelipBiaRce Wil idabion BacBER B Cone H1diCTo ERETL,

to the scal pécatfehi Bati ealeidatienhearicnd tsassan®i ghitdowECE H6m an
quanti zation by the aforenmentioned quantization (SQ and VQ circuit 20.

A criticalowaut pestmindk abtd on- quantization cireuit 17, as has been
descri bed above, faor the coefficien

-22- which has Bedrhe fBfaRt ke tirn h@%ﬂd pYRLSLFRYl hin?ln 38 bes peen
CorVELS] b Utk G Shptio) 18, AL b kel uhles o4 g 1
to be quardddrdingThioS tHeabnit z&lllocation ba’(i) from the allocation bit
‘calculation circuit 18, so that the scalar quantization is
carried out for a part of the MDCT coefficients and the vector
quantization is carried out for the remaining coefficients with
the hearing sense weighting by the aforementioned VQ weight
wi(i).

By the way, in the aforementioned specific example, the
vector quantization (VQ) is carried out for coefficients
excluding those coefficients which have been subjected to the
scalar quantization (SQ) (actually, the weight is set to 0 for
the coefficients which have been subjected to the SQ). It is
also possible to carry out the VQ at once for the quantization
error of the coefficients which have been subjected to the SQ
and the coefficients which are to be subjected to the VQ.

For example, if the coefficients which have been subjected

to the scallar quantization (SQ) are assumed to be q(¥)s, @

vector u is created to satisfy the following:

u=y - q(¥x)s



val ue is supplied as a nornmalization factor of the block to the allocation
bit calculation circuit 18 and taken out froman output term nal 44.

In the quantization (SQ and VQ circuit 20, as has been described above,
control is carried out to select SQ or VQ according to the bit allocation
ba' (i) fromthe allocation bit calculat2®n circuit 18, so that the scal.ar
quanti zatiQn. i

.1s.__carried,out . for art of the coefficiegnts and,the
vector qu %fz%??g Ty éﬁr%?¥&d8§t9989 SHRVeREPRT i c %f?ﬁ@*enﬂk?gﬁth
the hearing, sagoe-1) ght4pgebyst he aforementioned VQ weight w(i9. By
the way, in the aforenentioned specific exanple, the vector quantization
(VQ is carriedybud) oy (kMefi)i ei Qiy¢kMeid)ydi ng those coefficients which
have been subjected to the scalar quantization (SQ (actually, the weight"
is set toAf4F thie dbeisienengyanhizathovis beenried)eut caiceordbResty. |t

i R e R R N
coef fici endah WY Qi 1§ (e Afieysected to the VQ For exanple, if the
coefficients which have been subjected to the scallar quantization (SQ
are assuned towhéjY(s)wékMtj)a vector u is created to satisfy the
f ol I owi ng: u=y - qéy)[err] C . .
-23-  Thi Fhfectenterisuantigabiion: éssgarrdedopatupith (hds Weohghtu[and] (1),

u[errk@%hlkhisiaagn¥§2ation result Q(u), the final result Q(y) can

be obtained'as follows.

Q(x) = Qu) + Q(X)v

In the bove given explanation, scalar quantizabtion is
carried out prior to carryiﬁg out vector quantization.
However, it is also possible to firstly carry out the vector
quantization fo all the coefficents on the frequency axis and
then carry out the scalar quantization for those which have
large quantization errors.

That is, for example, firstly the vector quantization is
carried out to all the sub-vectors y, btained by dividing the
coefficients y on the frequnecy axis which have been subjected
to the aforementioned T/F conversion. Here the vector
quantization is carried out with the weight wk(j)-defined as
follows.

wi (J) = w(kM+j)

The results of this quantization are connected to cfeate

Q(¥)y, from which a quantization error vector is created as

follows.



Uk(]) =

y(kMt ) - Qy(kMj))[err] After this division, quantizatio is

carried out according to the af orenenti oned VQ procedure. In this VQ
wei ght wWerr](j) can be sinply defined as werr](j) = W kM)
vector quantization is carried out wwth this weight and fromthis
guanti zation result Qu), the final resgylt QQy) can be obtained as

foll ows.

scal ar quantiza$tT

Qy) = Q&%) + Qy)[err] I n the ‘bove given expl anati
o¥ TsU&dvri ed out prior to carrying out vector

t he
The

on,

quanti zati plon EQWCYPLnehls i) U $0eA8R8LR fod BNl 'of dneril kA geCt of

guanti zati o

ts on requency axis an

e coe

out the scal Freueds i §akbpNalre’ dd1stadi sy Bome wad,J6rsaBkbmple PN by

errors.

That is, for exanple, firstly the vector quantization is

carri ed ousordng |thehersndr vierlues. y[ Al térhstivelly byfdomi dthagwelieht w,
coefficients on the fregu_nec axi s whi ch have been subjected to the

af or ement | BREQTS T¢ET

15goO 2 PrRdetenmined, pypBer BuRiig AErSRteT

carried ouf.ygb ha%%'gs%fé%%m(ﬂr) a6 164 35 QJa%tli%\gﬁ:'eignt,o the'kg16ktkd

W( kMt )

Qy)lerr], efropsWohehsal eaniia aghamt PEé®! vector is created as

- 24-

The resu S quanti zati on ar € connec create

However, in this method, it is necessary to separately
transmit a side information on which coefficients have . been
subjected to the scalar quantization.

It should be noted that the present inveniton is not to
be limited to the aforementioned embodiment. For example, it
is also possible to carry out the aforementioned vector
quantization after interleaving and dividing a given vector to
be quantized into a pluraltiy of sub-vectors. That is, the
coefficents on the frequency axis to be subjected to the vector
quantization are successively divided one after nbther into a
plurarity of sub-vectors, starting at a lower band and there
is no danger that coefficients within one sub-vector are
concentrated in a vicinity of a predetermined band.

As is clear from the above description, according to the
presént invention, an input signal is subjected-to a time
axis/frequency axis conversion to obtain coefficients on the
freduency axis, so that the coefficients subjected to scalar
quantization and vector quantization which are controlled
according to the bit allocation of the coeffients .on the

frequency axis. This enables to obtain a reduced rate by the

then'carry

foll ows.



e =y - Qylerr] Fromthe elenents e, a predeterm ned nunber of elenents
havi ng a greater error are selected by sone way, for exanple, by soring
the error values. Alternatively, fromthe weight w, errors corresponding
to .a predeterm ned nunber having a greater value are selected.. In the
scal ar quantization, the selected er2®+s thensel ves are quanti zed.
However, in this nethod, it is necessary to separately transmt a side

i nf or mat i oNeEhORhAEANEEZA$ien shl ) fAriydne oithjsealed adantd zeddon, to

guanti zati @ i shoul d ot ed that the present.jinveniton is not to
e 1 m t ea Sheoprecefthemiin ronBiel b cthenied REp RRER) 16 VT L badsd
possi bl e t gyCahlky \/é‘d:ttotzhenﬁfn(i'iﬁm'ibhgnQﬁuﬁefﬁ‘g"ven‘iliﬁE{[ dedkireBratish of

interleaving and dividing a given vector to e quantized into a pluraltiy
of sub-vectbose doefficierntise Moeébvernttharsddiarf gagneéizptdonsand bhe

subj ected to the vector quantization are successively divided one after
not her i nt¥egtop| yudntization pharect 6pptrol et n@cwr%msméo bd®e¢ aBdtt here

icinity of AoRREABRC MG Atehatlib "eRESe I 1E (R hoddr o cORRAYRRLEY 11

descripti opraRSmPtding 40side imfr&sRdiddvention, an input signal.is
subjected to a tinme axis/frequency axis conversion to obtain coefficients

on the frequerifgrexi $hesocobfifichentoefdn cithat Sf sederdied axd sschawing
guanti zat i orjoand vect guanti zati on which are controlled according to the

) I .
bit allocal %C%?l?%egéﬁéf fadads T PE heoTe  BEendPadki & PrRdetermbRed (o
obtain a reeatl I @t Gaitie! re subjected to scalar quantization. By

carryint out scalar .quantization of an isolated spectrum
portion in which signal deterioration is caused by the vector
quantization, it is possible to reduce quantization errors and
enhance the signal quality.

In this process, for the coefficients quantized by the
scalar quantization, the weight is set to 0, so that the vector
quantization is carried out to all the coefficents. In’
comprison to a case of carrying out the vector coefficients by
taking out coefficients other than those subjected to the sclar
quantization, the present invention enables to fix the wvector
quantization dimension number, which makes it unnecessary to
adjust the dimension number in the vector quantization or
select a codebook according to the dimension, thus simplifying
the processing and system configuration. This can also. be
realized by using as an input to the vector quantization the
quantization errors of the coefficients which have been

subjected to the scalar quantization.



-25- vector quantization while carrying out scalar quantization to t hose
coeffients in which a quantization error is easily caused by the vector
‘quanti zation, thus preventing deterioration of t hose coefficients.
Moreover, the scal ar quantization and ‘'t he vector quantization are
controlled according to the bit -3blocation and according there is

no need of se at el o] 8 (WoTg e t he
coefficients E)}ﬁ&f ‘%‘/“r e&&'eﬁc?gg%%n%é\%@&e elr%%e{{rﬁglr?%bﬁt ghelaaélfﬁ%?oogr
nore nmore ey ée el HetoFenedrr e sdipl dhenlver tdre qudhitédebtdony sealier
guanti zati on. By carryint out scalar quantization of an isolated
spectrum passilre ito wedokestheaveckrrquardtizat lion cadedgokysinke.véebusr
quantization, it is possible to reduce quantization errors and enhance the
si gnal qua#Rebling to #?ﬁ‘%qﬁs}}ﬁo‘c‘@&-, for the coefficients quantized by
the scalar qu%rtixr%fﬁnguge %%ﬁ ét%isgq{alt q’chs SaEh%Eethﬁoi‘ﬁﬁi%ed

guanti zation coe cen conprison to

a case of warrybagyupe! éf@rd@ﬁi&ﬁ cpef fagrenés bys talbfgcoad coefftheents

other than those subjected to the sclar quantization, the present

i nvent i on afdmsn t ioiédk ttheleveexms/fqeauenzatlamlﬁl mmmend whi ch

makes it unnecessary to _adjust t [rensi_on nun;g t8 e vector '
|

quant i zat iRAT YR teR| 8Et "d‘ecoﬂ%’?)‘% 1%1%Eb?‘31| 1§ 1%5¢ ‘?"b]ﬁ‘t]t%sthe _
ST TYT Mo ddifory Q5ERP QQI%@QtiY:Elt SBLEONTAGUIEHAON the THb Ems Dz AL 56N DO

realized by using as an input to the vector quantization the quantization
errors of ﬁé’!%.nfeﬂféfrf baheabSumCtb havieyueden defilbeethedstdethioncabmtrol

guant i zatl on. . . _
between the scalar quantization (SQ) and the vector
quantization (VQ). Thus, it is unnecessary to transmit a side
information dedicated for the SQ/VQ control, thus preventing

increase of the transmission bit rate.



- 26~ Mor eover, by dividing an input vector into a plurality of
sub-vectors before carryi-ng out the vector quantization, it is possible to
reduce the vector quantization codebook size, thus enabling to reduce the
| oad. Furthernore, a time axis signal which has been normalized by
feature extraction in advance is subjected to the aforenentioned

tinme aXiS@?ﬂfﬂﬂ?ﬂﬁﬁh@?ﬁ@lfﬁfverSiOn and a paraneter of the normalization is
used to calculratron e artorenentioned allocation bit, so that the.

normal i zati on Jparsanslgialc doding medhiod ¢ompadisingefi ne the sel ettion
control between the scalar quantization (SQ and the vector |

quanti zati on ( Q) StERusofi t CRETHRRECcc@%tar \& t Fimeanawis/frepuencynf 8xkk6t i on

dedi cated for the. SQVQ contraol,, t.hus.preventing increase of the
transni ssiCMHES ¥R ei:,_o an input signal, an%n ' -27- WHAT TS

CLAIMED IS a _qhan%iahﬂgah £08D N MRIMAF0ITRE! 8! BSalar quaktPLE£PiGh

carrying out a time axis/frequency axis conversion to an input signal, and
a quanti-zaindn staptédPrquant izdtiony sccnmlialg pend i Zit | Dl ocatien Vet or
quanti zation according to a bit allocation of a coefficient on the
frequency coaff biente®by the df requenciki axiseqobhzinedi P¥comeddsi bimand

carrying out, ntization of said coeffichfnt. s . .
axis/frequency axis conversion and carrying out quantization

of said coefficient.

2. A signal coding method as claimed in Claim 1, wherein
said qﬁantization step carries out a scalar quantizatidn for
a coefficient having an allocation bits of said bit allocation

equal to or more than a predeterminéd threshold value.

3. A signal coding method as claimed in Claim 2, wherein
said quantization step carries out a vector quantiiation with
weight 0. to the coefficients quantized by said scalar

quantization.

4. A signal coding method as claimed in Claim-2, wherein
for a coefficient which has been quantized -by said scalar
quantization, said quantization step uses a quantization error
of said coefficient as an input to a vector quantization and
adds a vector quantization output to an output of said scalar

quantization for output.

A



2. A signal coding nethod as clained in Claim1, wherein said quantization
Step carries out a scalar quantization for a coefficient having an
allocation bits of said bit allocation equal to or nore than a
predet erm ned threshol d val ue. 3. A signal coding nethod as cl ai ned
in Gaim2, wherein said quantization.sfep carries out a vector

quanti zation with weight 0 to the coefficients quantized by said scal ar
quanti zation. 5. A silgndl S¢oding apeitingd nes hdh iatedt lidi I0di iimn 1G] aiher2in
wherein for a coefficient which has been quantized by said scalar’

quant i zat i §A1ds ¥e@ tqrasrptiizet ioned susagrdeduanti bat ddyidingr anoflnpastd
coefficient as.an.input to a.,vecto ntization gn adds .a. vect qr

quant i zat i Xﬁcgﬂfpm&fda é’r}“@&tlﬁgf" 8% %‘gﬁ?ﬂv%ﬁﬂrﬁ anaugﬁt ‘F‘f’af?tb’r‘flgf glre%&?teﬂut .

- 28- 2: Phutadidly e 894856 6r4 aégskagﬁgd tho & 6441 4119B8EE6RA £odi d
vector quantization i's carried out by dividing an 1 nput vector 1nto a
plurality péspabtyeet sub—aadtbysswi tching between a plurality of

codebooks according to a bit allocation for  respective sub-vectors.
6. A signal coding nmethod as clainmed in Claiml, wherein tine axis

signal which as, .been . norymlize by fegtyre . extrgction in, advance is

used as the input %i%ﬁﬁﬂakgf%égaftﬂ °d§f§sﬁaPé&ﬁgn&9 ggﬁémcgnvgpgf8ﬁnand a

parameter {PheSahdis signal which has been normalized by feature
extraction-in advance is used as the input signal to said time
axis/frequency axis conversion and a parameter for said

normalization is used to calculate said allocation bit.

7. A signal coding method as claimed in Claim 1, wherein
said vector quantization is carried out to a plurality of

sub-vectors obtained by interleaving an input vector.

8. a signal coding method comprising:

a step of carrying out a time axis/frequency axis
conversion to an input signal, and

a quantization step for carrying out a vector quantization
to all the coefficients on the frequency axis obtained by said
time axis/frequency axis conversion and carrying oﬁt a scalar

quantiztion to coefficients having large quantization errors.

9. A signal coding apparatus comprising:
time axis/frequency axis conversion means for carrying out

a time axis/frequency axis conversion to an input signal;

* [ L M H *



norimal i zation is used to calculate said allocation bit. 7. A signa
coding nethod as clained in daiml, wherein said vector quantization is
‘carried out to a pluratity of slUb-vectors obtained by i nterl eaving an
I nput vector. 8. a signal coding nmethod conprising: a step of
carrying out a time axis/frequency axis__conversion to an input signal, and
a quantization step for carrying out a- Retor quanti zation to all the
coefficients onnﬂhalﬂpequen@ym&nns 6braphédingngardbitnelisratierqRéndy
axi s conversion_.anpd carr |ngp a scal ar uant thon tﬁa;oeff|C| gnts

or

havi ng Iar‘b‘beﬁﬁlh?\’c?‘iﬁtl requency g axAssi g BF r8d afpddat GEme
conpri si ngajﬁ é%m&;(l SLfd CHIRNGY 1S ql(anverm on neans for carrying out
i s/Tr'eque

atime ax Cy axls COI’]VGI’SI on td an I nput Si gnal

- 29- -bit YuaPtAa®l onEABENnEOFf0BbGabAL DYiAghELial to6ffiotent while
coefficient on the frequency axis obtained by said tinme axis/frequency
axi s converaitorplking a scaqganuugattmntureangnﬂora estor i auankigation
coefficient while <contraog RA cal ar, quanti zation and .a vector

quant i zat i%F O BHE cﬁchg“t cA4i88at i on. 10. A signal coding
apparatus as clainmed in Cla|n19, wherein said quantization neans carries
out the scalar quantization to a coefficient having allocation bits of
said bit alloqati o sqgablt @odimpoypparPtesicasr e eihddr éshdlain 9,

wherein said quantization means carries out the scalar
quantization to a céefficient having allocation bits of said
bit allocatidn equal to or above a predetermined threshold

value.

11. A signal coding apparatus as claimed in Claim 10,
wherein said quantization means carries out the vector
quantization with a weight 0 for the coefficient quantized by

said scalar quantization.

12. A signal coding apparatus as claimed in Claim 10,
wherein for the ocoefficient quantized by said scalar
‘quantization, said quantization means uses a quantization error
of said coefficient as an input to the vector quantizatién and
adds a vector quantization output to an output of said scalar

quantization for output.

13. A signal coding apparatus as claimed in Claim 9, said

apparatus further comprising normalization means for supplying

. * [+ L M S *



val ue. 11. A signal coding apparatus as clained in O aim 10,

wherein said quantization neans carries out the vector quantization with a
wei ght O for the coefficient quaritized by said scalar quantization.

12. A signal coding apparatus as clainmed in Caim10, wherein for the
coefficient quantized by said scalar uanti zation, said quantization nmeans
uses a quantization error of said co i"cient as an input to the vector
quant i zat i ¥idrtd meadad s{ frequency)uaxiis xamversionpmeahs withow timeotxiai d
scalar quantization for output. . 13. A signal coding apparatus, as

cl ai med i rfﬁ%?%"g}l%i kps a‘b‘g%ﬂdﬁﬁnafkhzt%rb%dﬁﬁfr‘i‘ﬁﬁgem%ﬁ#%t ie® neans
for supplying sajd bit allocation means.calculates %gidsgllgo%hgvﬁon bit

axi s/ frequency axi's conversion means w tR2a - ReCEx P % gna Peh has
been nor neby zedsbygf esaher € pptamdteironofandthe néAhSN P24t Bdd OCALT 08 p@ans
calculates said allocation bit by using the paraneter of the normalization
in said rmoemmaliization means. _

N



