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Fecha de presentacién de fa solicitud: 26.06.2009 No. Publicacion  WQ/2010:003565
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(54) Tiulo: RELLENADOR DE RUIDO, CALCULADOR DE PARAMETRO DE RELLENO DE RUIDO, METODC PARA
PROPORCIONAR UN PARAMETRO DE RELLENO DE RUIDO, METODO PARA PROPORCIONAR UNA REPRESENTACION
ESPECTRAL RELLENADA CON RUIDO DE UNA SENAL DE AUDIO, PROGRAMA DE COMPUTADORA CORRESPONDIENTE Y
SENAL DE AUDIO CODIFICADA

(57) Resumen: Un rellenador de ruido para proveer una representacion espectral reflenada con ruido de una sefial de audio sobre la base de una
fepresentacion espectral de entrada de la sefal de audio comprende un identificador de region espectral configurado para identificar regiones de la
representacion espectral de entrada espaciadas de regiones espectrales no nulas de la representacion espectral de entrada por al menos una region
espectral intermedia, para obtener regiones espectrales identificadas, y un insertador de suido configurado para introducir selectivamente ruido dentro
|as regiones espectrales identificadas para obtener fa representacion espectral rellena con ruido de la sefial de audio. Un calculador de parametro de
relleno de ruido para proveer un parametro de relleno de ruido sobfe la base de una representacion espectral cuantificada de una sefal de audio
comprende un identificador de region espectral, como se menciona arriba, y un calculador de valor de ruido configurade para considerar
selectivamente errores de cuantificacion de las regiones espectrales identificadas para un calculo del parametro de relleno de ruido.

Consiguientemente, se puede obtener una representacion de sefial de audio codificada que representa la sefial de audio. o
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DE RELLENO DE RUIDO, METODO PARA PROPORCIONAR UNA
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Resumen: Un rellenador de ruido para proveer una representacion espectral rellenada con ruido de una sefial de audio sobre Ja base

de una representacion espectral
identificar regiones de ia representacion espectral de

de entrada de la sefal de audio comprende un

identificador de regién espectral configurade para
entrada espaciadas de regiones espectrales no nulas de la representacion

espectral de entrada por al menos una regién espectral intermedia, para obtener regiones espectrales identificadas, y un insertador de
ruido configurado para introducir selectivamente ruido dentro las regiones espectrales identificadas para obtener la representacion
espectral rellena con ruido de la sefial de audio. Un calculador de parametro de relleno de ruido para proveer un parametro de relleno
de ruido sobre la base de una representacion espectral cuantificada de una sefial de audio comprende un identificador de region
espectral, como se menciona arriba, y un calculador de valor de ruido configurado para considerar selectivamente errores de
cuantificacion de las regiones espectrales identificadas para un caiculo del parametro de relleno de ruido. Consiguientemente, se
puede oblener una representacion de sefial de audio codificada que representa la sefial de audio.
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- Colombia -
POWER OF ATTORNEY

|, Werner Liebler, confim:

FIRST: That | act in my capacity of deputy chief of the Patent Department of
Fraunhofer-Geselischaft zur Férderung der angewandten Forschung

e.V., legally constituted and in existence in accordance with the laws of Germany, and
domiciled at Hansastrasse 27c, 80686 Muenchen, Germany.

SECOND: That in such capacity | grant hereby special, ample and sufficient Power of
Attorney to DARIQO CARDENAS-NAVAS andfor LUZ HELENA ADARVE-GOMEZ
and/or EDUARDO CARDENAS-CABALLERO and/or BERNARDO P. CARDENAS-
MARTINEZ and/or JUANITA ACOSTA GOMEZ and/or JULY GALINDO QUINTEROD,
registered lawyers of the firm CARDENAS & CARDENAS-LAWYERS, domiciled at
Carrera 7 No. 71-52, Torre B, Piso 9 Bogoté, D.C., Colombia, to cany before the
corresponding Colombian national Offices and authorities the proceedings to abtain
trademarks, patents, utiity models, industrial drawings and designs, deposits of
commercial names and ensigns, as well as processing of renewals, assignments,
change of name or domicile of the owner, waivers and licenses of the same for which
purpose they are empowered to take before said authorities all necessary actions for
the indicated purposes; to file applications, siatements, claims, formulate descriptions,
amendments, oppositions and appeals; pay all taxes and installments and make any
other payments determined by law: to receive every document and values issuing the
respective discharge; to fulfill any other requirements and take, in general, every
measure that they shall deem opportuns for the defense and protection of the Industrial
Property of the company in the event of infringements, oppositions, proceedings for
cancellation or annulment, imposition of fines, passing the antecedents to the courts;
they are empowered to appear as plaintiff or defendant before the competent judges,
being entitled to transact, submit to arbitration, waive, receive, resign, withdraw, appeal
and all other legal powers which may be necessary, and it is hereby declared ever
since now valid and good whatever such ‘attorneys do for its benafit, granting them also
power to substitute this proxy and if necessary to reveke such substitutions.

SIGNED AT_Dezember 6th, 2010 ON_M

BY Werner Liebler

Vet g

A3
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File No. H2 294 {2010
ag

| hereby certify that above is the true signature, subscribed in my presence of

Mr. Dr. Werner Liebler,

born on May 6th, 1961, _

business address: Hansastr. 27 ¢, 80686 Munich,
perscnally known to me.

Dr. Wemer Liebler acting by virtue of :
Fraunhofer-Geselischaft zur Férderung der angewandtsn Forschung e.V.
with its registered office in Munich,
business address: 80686 Minchen, Hansastr. 27 ¢,
of power of atiomey dated on July 13th, 2000, File No. 3078 K /2000, and

) July 18th, 2000, File No. 3170 K /2000, by Notary Public, Dr. Helmut Keidel,

. Munich, presented to me today in the original and which is attached as certi-
fied copy.

I\,Wich, Dezember 6th, 2010
)

o

Thomas Haasen,
Notary Public, Munich

SYNIA¥V))




APOSTILLE 1

{Convention de La Haye du 5 octobre 1 9681}

1. Land: Bundesrepublik Deutschiang

Diese dffentliche Urkunde
2. istunterschriaban van Thomas Haasen

3. in seiner Eigenschatt als Motar

4. Sie ist versehen mit dem Siege! des Notarg Thomas
Haasen In Minchen

Bestiitigt
5. in Monchen 6 am7. Dezember 2010
7. durch den Prasidsnten des Landgerichts Monchen |
8. unterNr. 9108 - 927472010
9. Siegel 10, Unterschrist
Im Autrag.
Christine Ksppl
Amtsinspekiorin

4L
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Fraunhofer . ..\ icchaft

Fraunhobes Gesellschaft Postfach 190339 D-80603 Minchen Vorstand

LeonrodstraBe 54
D-BO636 Manchen

Telefan +49 (0} 89/1205-01
Vollmacht Telefax +49 (0) 89/1205-700

Hiermit bevollmachtigen wir

Herrn Dr. Werner Liebler
geb. 06.05.1961
geschéftsansdssig. Patentstelle fir
die Deutsche Forschung
LeonrodstraBe 68
80636 Minchen

die

Fraunhofer-Gesellschaft zur Férderung
der angewandten Forschung eV,
LeonrodstraBe 54, 80636 Miinchen

bis auf Widerruf in allen Angelegenheiten des Gesetzes iiber Arbeitnehmererfindungen
rechtsverhindlich zu vertreten. Darliberhinaus wird Herr Dr, Liebler hevollmachtigt, bei
Schutzrechtsverfahren im Ausland lokale Patentanwdlte zu beaufiragen.

oy,

(Dr. D.-M. Palter) . (Dr. H.-U. Wiese)

Varstand der |
Prof. Dr.-ing. (i
Hans-Jiargen .
Dr. jur. Dirk-Meints Poger
Or. rer. pok. Hi 1

Barkverpindung: Deutsche Bartk, MOnchen
Konto 7521 933 BLZ 70070010

s0Qvooav

SYNIQAV))
SYNIQ¥V?)




urnr. 9076K

Ich beglaubige hiermit die Echtheit der vorstehenden, vor mir vollzogenen
Unterschrift von

Herrn Dr. Dirk-Meints Polter,
Vorstandsmitglied in Miinchen,

geschéftsansassig Leonrodstr. 54, 80636 Miinchen,
persénlich bekannt,

Hierzu bescheinige ich aufgrund Einsicht in das Vereinsregister des
Amtsgerichts Minchen (VR-Nr. 4461) vom 12.07.2000, daB die Herren
Dr. Dirk-Meints Polter und Dr. Hans-Ulrich Wiese zur Veriretung des Vereins

Fraunhofer-Geselischaft zur Férderung
der angewandten Forschung eingetragener Verein
mit dem Sitz in Miinchen
ais Vorstandsmitglieder gemeinsam berechtigt sind.

Miinchen, den 13.07.2000

Dr. Keidet, N ta‘r

1&
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URNTr, 3170K

lch beglaubige hiermit die Echtheit der vorstehenden, vor mir volizogenen
Unterschrift von

Herm Dr. Hans-lrich Wiese,
Vorstandsmitglied in Minchen,

geschaftsansissig Leonrodstr. 54, 80636 Manchen,
ausgewiesen durch amtlichen Lichtbildausweis.

Hierzu bescheinige ich aufgrund Einsicht in das Vereinsregister des
Amtsgerichts Minchen —VVR-Nr. 4461- vom 12.07.2000, dass die Herren
Dr. Dirk-Meints Polter und Dr. Hans-Ulrich Wiese zur Vertretung des Vereins
Fraunhofer-Gesellschaft zur Férderung
der angewandten Forschung eingetragener Verein
mit dem Sitz in Miinchen

als Vorstandsmitglieder gemeinsam berechtigt sind.

Dr. Kef ,el,mtar

Minchen, den 18.07.2000

{hereby certify thatthisie a
true copy of the original document.
Murich, ‘0 6. Dez. 2010
& " Notary Public
# in Munich
\ i g
N g
\

- s0avooay

SYNIQAV)
SYNIAdV?)




APOSTILLE
(Convention de La Haye du 5 octobre 1961)

1. Land: Bundesrepublik Deutschland

Diese tffentliche Urkunde
2. ist unterschrieben von Thomas Haasen

3. in seiner Eigenschaft als Notar

4. Sie ist versehen mit dem Siegel des Notars Thomas
Haasen in Millnchen

Bestitigt
5. in Manchen 8. am 7. Dezember 201pD
7. durch den Prasidenten des Landgerichts Minchen |
8. unterNr. 9102 - 9279/2010
9

. Sieget 10. Unterschrift

S

P A 9C_—
Amtsinspekiorin

Christine Kappl -

N \.-\\\\\\\\‘\‘\w@i yi
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MARTHA SOFiA SARMIENTO SOEARD . TRABUETORK OFICIAL" 1 “NG ™ S, Sowints S
Carrera 11D # 124 - STRTEEGHAT=Teltforod130034 Bogoth - Colemblewcwmprrgurrorren cis! Jutsmuisia
E-mail: mssarmiento2fivahio.com Reseiugidn No. 235 Miajusticia

TRADUCCION OFICIAL DE LOS SIGUIENTES DOCUMENTOS: PODER DE ABOGADO
otorgedo por la Compailia Fraunhofer-Geselischaft zur Fdrderung der angewandten
Forschung e.V., a la Firma Cirdenas y Cérdenas Abogados de Bogots - Colombla, firmado
mrdmmmwmummmmwmmdemmdedicha
Compafifa, of & de diclembre de 2010, CERTIFICACION NOTARIAL, Archivo No. H2254/2010,
firmada por Thomas Heasen, Notario Pdblico, en Munich, Alemania, con fecha del 8 de
diciembre de 2010

Estos documentos vienen scompafiados por fa APOSTILLA DE LA CONVENCION DE LA
HAYA No. 910 a - 9274/2010, en idloma alemén, con fecha del T de diciembre de 2010,
firmada por Christine Kdppl.® :

Traduccién realizada por Martha Soffa Sarmiento Solano, Traductora e lntétpmt«'a Oficial
Espafiol — Inglés - Espaiiof, nombrada para el cargo mediante Resolucién del Ministerio de
Justicia, N° 835, del 3 de mayo de 1988.

- COLOMBIA -
PODER DE ABOGADO

Yo, Werner Liebler, declaro lo siguiente:

PRIMERO: Que yo act(o en mi calidad de Jefe Encargado del Departamento de
Patentes de Fraunhofer-Gesellschaft zur Férderung der angewandten
Forschung e.V., una Compafia legaimente constituida y en existencia de acuerdo
con las leyes de Alemania y cuyo domicilio es Hansastrasse 27c, 80686
Muenchen Germany/Alemania.

SEGUNDO: Que haciendo uso de las facultades del cargo arriba mencionado, yo
otorgo Poder de Abogado, especial, amplio y suficiente a DARIO CARDENAS
NAVAS, y/o a LUZ HELENA ADARVE GOMEZ, yio a EDUARDO CARDENAS
CABALLERO, y/o a BERNARDO P. CARDENAS MARTINEZ, y/o a JUANITA
ACOSTA GOMEZ, vio a JULY GALINDO QUINTERO, abogados registrados
quienes trabajan para la firma CARDENAS & CARDENAS - ABOGADOS, con
sede en la Carrera 7 No. 71-52, Torre B, Piso 9, en Bogotd, D.C., Colombia, para
que gestionen en Colombia ante las Oficinas y Autoridades correspondientes la
obtencion de registros de marca comercial, patentes, modslos de utilidad, disefios
y dibujos industriales, depositos de nombres y ensefias comerciaies, como
también para el procesamiento de renovaciones, cesiones, cambios de 9m§_ﬁ_¢g’;§ii”£tr; n B
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MARTHA SOFIA SARMIENTO SOL TRADUATD ) LR
Carrera 110 # 124 - RPN MR rRNvne-2133034 Bogotd = Wmmmd“ Jusamentds
Emsil: ssermianiol@ahes.com Reselucitn No. 835 Misjuatiia

domicilio del titular, renuncias y licencias de lo arriba mencicnado, propésitos para
los cuales se les otorga Poder para que lleven a cabo ante dichas autoridades
todas las acciones necesarias para los propésitos indicados, como radicar
solicitudes, hacer declaraciones, reclamaciones, formular descripciones, realizar
enmiendas o modificaciones, interponer recursos de oposicion y apelaciones,
pagar todos los impuestos y cuotas y hacer cualquier otro pago establecido por
iey; recibir todos los documentos y dineros y emitir el descargo correspondiente,
cumplir con cualquier otro reguerimientc y tomar, en general, todas las medidas
que congideren apropiadas y oportunas para defender y proteger la Propiedad
Industrial de la Compafiia en el evento de infracciones, oposiciones, procescs
para cancelacion o anulacién, imposicidn de sanciones, presentar antecedentes
ante las Cortes y Tribunales. Ademas, quedan facultados para comparecer come
demandantes o demandados ante Jueces competentes, también se les da Poder
para negociar, solicitar arbitraje, ceder, recibir, dimitir, rescindir o desistir, apslar,
ratificar y todos los poderes legales adicionales que sean necesarios. También se
declara que a partir de ahora todas las acciones que realicen dichos abogados
respaldande este Poder de Representacidn y para beneficio de la Compafiia son
buenas y validas. Adicionalmente se les otorga facultades para sustituir este Poder
¥ §i es necesaric revocar dichas sustituciones.

FIRMADO EL: 6 de diciembre de 2010 EN: Munich, Alemanla

Por;: Werner Liebler
(Firma Autégrafa)

SOGVE)OSV
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MARTHA SOFiA SARMIENTO SOLANO - TRADUCTQRA OFICIAL,

Carrera 11D # 124 - 1 Apic. 510 Int, 2 - Telifono 2139034 Bogotd - Colombis
E-mail:

rcl No. 10
ag

Yo, por la presente cerlifico que la anterior firma es verdadera, que fue suscrita en mi
presencia par

El Sr. Dr. Wemaer Lisbler, Nacido el 6 de mayo de 1961,
Direccion comercial: Hansastr. 27c, 80686 Munich,
a quien conozco personalmente.

El Dr. Werner Liebler actuando en representaciéon de Fraunhofer-Geselischaft zur
Firderung der angewandton Forschung e.V., con sus oficinas registradas en Munich, '
Direccion comercial: 80686 Minchen, Hansastr. 27c,

Hoy presenté ante mi en original los sigulentes documentos: Poder de Abogado fechado
el 13 de julio del 2000, Archivo No. 3076 K/2000, Poder de Abogado fechado el 18 de julio
del 2000, Archivo No. 3170 K/2000, documentos expedidos y firnados por el Dr. Helmut
Keidel, Notario Piblico de Munich, y como documento adjunto la Copia Cerlificada.

Munich, & de diciembre de 2010

Firma Autografe
Thomas Haasen
Notario Piblico, Munich
Selio del Notario;
THOMAS HAASEN

NOTARIO EN MUNICH

HGunerMUnterschriftsbeglautigungeniDy, Lisbler {Fraunhofer) engl 10-12-08.dac

CERTIFICO QUE ESTA ES UNA TRADUCCION FIEL DEL INGLES AL ESPANOL DE LOS
DOCUMENTOS QUE HE TENIDO A LA VISTA; QUE SOY TRADUCTORA E INTERPRETE
OFICIAL ACREDITADA POR RESOLUCION N° 835 DEL 3 DE MAYO DE 1988 DEL
MINISTERIO DE JUSTICIA Y QUE ESTOY REGISTRADA ANTE EL MINISTERIO DE
RELACIONES EXTERIORES DE COLOMBIA.

Bogoté, D.C. 2 de enero de 2011

‘ltlliehm Oficin} Jurn T
Ressiuslin No. 335 Minjughtla: |
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Copia autenticada

FhG - Fraunhofer Gesellschaft

Fraunhofer Gesellschaft Postfach 190339 D-80603 Manchen

Junta Directiva  Leonrodstrasse 54, D-80636 Munchen

Tel.. +49(0) 89 /1206 - M1 Telefax: +40(0)89/12-06-700

PODER
Por este medio, damos poder al
Sefior Doctor Werner Liebler, nacido el 6 de mayo de 1961, con residencia comercial en
Patentstelle fir die Deutsche Forschung, Leonrodstrasse 68, 80636 Minchen

para representar, hasta nuevo aviso, con caracter abligatorio, a la firma

Fraunhofer-Gesellschaft zur Férderung der angewandten

Forschung e V., Leonrodstrasse 54, 80836 Minchen

en todos los asuntos de ley sobre invenciones de los asalariados. Ademas, el sefior Dr.
Liebler esta autorizado a delegar abogados de patentes locales en el caso de procesos
legales de proteccion,

Or. D.-M, Polter Dr. H.-U. Wiese

{firma) (firma)
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URNo. 307 CK
Por este medio, autentico la veracidad de la firma anterior, trazada ante mi por el
Sefior Dr. Dirk-Meints Poite r. miembro de la Junta directiva, en Munich,
con residencia comercial en Leonrodstrasse 68, 80636 Minchen,
Gonocido en persona. l
En ese sentido, certifico, con base en la inspeccién ocular en ef registro de asociaciones
del Tribunal municipal de Munich (No. VR 4481), del 12 de julic de 2000, que los
sefiores Dr. Dirk-Meints Polter y Dr. Hans-Ulrich Wiese, como miembros de fa Junta

directiva, estan autorizados, en conjunto, para la representacion de la asociacion

Fraunhofer-Gesellschaft zur Forderung der
Angewandten Forschung asociacion registrada,

con domicilio en Munich,

Munich, 13 de julic de 2000
Dr. Keidel, Notario

(firma y sello)

19
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URNo. 3070 K
Por este medio, autentico la veracidad dé la firma anterior, frazada ante mi por el
Sefior Dr. Hans-Ulrich Wies e,
miembro de la Junta directiva, en Munich,
con residencia comercial en Leonrodstrasse 68, 80636 Minchen,
identificado con documento oficial
conocido en persona,
En ese sentido, certifico, con base en la inspeccién ocular en el registro de asociaciones
del Tribunal municipal de Munich (No. VR 4481}, del 12 de julio de 2000, que los
sefiores Dr. Dirk-Meints Polter y Dr. Hans-Ulrich Wiese, como miembros de la Junta
diractiva, estan autorizados, en conjunto, para la representacion de |a asociacion
Fraunhofer-Gesellschaft zur Forderung der
Angewandten Forschung asociacion registrada,
con domicilio en Munich.
Munich, 18 de julio de 2000
Dr. Keidel, Notario
{firma vy sello)
Por este emdio certifico que el presente documento es una copia auténtica del original.
Munich, 8 de diciembre de 2010
El Notario, en Muncih

(firma, seilo y cordén)
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2.

APOSTILLE

{Convention de La Haye du 5 octobre 1961)

Pais: Republica Federal de Alemania
el presente documento publico

esta firmade por Thomas Haasen

. en su calidad de Notario

el documento esta provisto del selio del Notario Thomas Haasen, en Munich
confirmado
en Muncih 6. el 7 de diciembre de 2010
por el Presidente del Tribunal regional de Munich |
bajo el No. 810 a - 9279/ 2010
Sello: 10, Firma
en representacion
Christine Keppi
Inspectora oficial

{firma, cordén v sello)

LIENNESERY SARBITVILE
30 O1E3LSIRIN
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Amtsgericht Miinchen -Registergericht-
VR 4461

Amtlicher aktueller Ausdruck aus dem Registerblatt

Datum der letzten Eintragung: 03.08.2010

Datum des Abrufs: 19.10.2010

Ort und Tag der Ausstellung: Minchen, den 19. Oktaber 2010
Der Ausdruck bezeugt den Inhalt des Vercinsregisters,

Ersteller:  Werdich, Justizangesteliter,
'Urkundsbeamter/Urkundsbeamtin der Geschaftsstelle

Dieser Ausdruck wird nicht unterschrieben und gilf als beglaubigte Abschrift.
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'ereinsregister des
mtsgerichts Minchen

Nummer des Vareins:
VR 4461

afts :
Abruf vom 16.10.2010 08:33

-Ausdruck- Seite 1 von 1

Anzahi der bisherigen Eintragungen:
16

aj Name:
Fraunhofer-Gesellschaft zur Férdernung der angewandten Forschung eingetragener Verein
b) Sitz:

Miinchen

v 'a) Allgemeine Vertretungsregelung:

Jewells zZwei Vorstandsmitglieder vertreten den Varein gemeinsam.
b) Vertretungsberachtigte und besondere Vertretungsbefugnis:

Vorstand: Prof. Dr. Buller, Ulrich, Golm, *01.06.1946
Vorstand: Prof.Dr.-Ing. Bulfinger, Hans-Jdrg, Stuttgart-Botnang, *13.04.1944

_ Vorstand: Prof. (Univ. Stellenbosch) Dr. Gossner, Alfred, Ernarting, “15.10.1850

. Vertretungsberechtigt in Gemainschaft mit einem Vorstandsmitglied:

Besonderer Verireter gemal § 30 BGB fUr den Bereich Finanzen und Rechnungswesen: Meuer, Andreas, Milnchen,
*12.06.1961

a) Satzung:

" Eingetragener Verein

Satzung vom 26.03.1949
Zuletzt gesindert durch Beschluss vom 20.05.2010

b) Sonstige Rachtsverhaitnisse:

Der Verein hat im Wege der Abspaltung gematt Spaitungs- und Ubemahmevertrag vom 23.06.2009 sowie Beschiut
sainer Mitgliederversammiung vom 24.06.2009 und BeschluB der Mitgliederversammiung des dbertragenden Vereins
vom 08.05.2009 Teile des Vermbgens vom Forschungsinstitut filr Pigmente und Lacke mit dem Sitz in Stuttgart
(Amtsgericht Stuttgart VR 537) (ibemommen.

Bie Forschungsgeselischaft fir angewandte Naturwissenschaften e.V. mit dem Sitz in Bonn (Amtsgericht Bonn VR 2530)
ist auf Grund des Verschmelzungsvertrages vom 23.08.2009 sowie des Beschlusses der Mitgliederversammmiung vom
24.06.2009 und des Beschlusses der Mitgliedervarsamimiung des Gbertragenden Vereins vom 04.06.2009 mit dem
Werein verschmolzen.

Das Institut fiir Solare Energieversorgungstechnik Verein an der Universitit Kassel mit dem Sitz in Kassel (Amtsgericiit-
Kassel VR 2029) ist auf Grund des Angebots auf Abschluss eines Verschmelzungsvertrages vom 07. 05 2009 und der
Annahme des Angebots vom 23.06.2009 sowie des Beschlusses der Mitgliederversaminmur _ 009
Beschlusses der Mitgilederversammiung des tibartragenden Vereins vom 07.05.2008 ' apof ;

a) Tag der letzten Eintragung:

03.08.2010




Die Ubersinstimmung dieses Ausdrucks mit dem Handeisregister
\ wird beglaubigt.

\‘r{:hen. den 19, Oktober 2010

-Jérg Werdich, Justizangesteliter
. als Urkundsbeamter der Geschaftsstelle -

APOSTILLE
{Convention de La Haye du 5 octobre 1861)

1. Land: Bundesrepublik Deutschiand
Diase sffenlliche Urkunde
2. ist unterschrieben von
Herrn Justizangesteliter Jérg Werdich
3. in der Eigenschaft als
Urkundsbeamter der Geschaftsstelle
4. sie ist versehen mit dem Siegel des
Amitsgerichts Minchen

Bestatigt .
5. in Manchen 8. am 19, Oktober 2010 "
7. durch den Richter am Amtsgericht

Dr. Ulrich Kuhn als weiterem Vertreter des Prasidenten des Amtsgeri
8. unter Nr. GenA $101 g Nr. 636/10 :

8. Stempal 10. Unterschrift

Br. Ukich Kdhn
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Tribunal municipal de Munich — Tribunal de registro
VR 4461

Extracto actual oficial de la hoja de registro

Fecha de la (ltima anotacion: 3 de agosto de 2010
Fecha de la peticion de entrega: 19 de agosto de 2010

Lugar y fecha de expedicion. Munich, 19 de octubre de 2010

El extracto confirma el contenido del registro de la asociacion
Proveedor: Werdich, funcionario judicial

Fedatario/funcionaria fedataria del despacho

E) presente extracto no va firmado y rige como copia autenticada

{sello y corddn)
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i Registro de asociacion ded Reproduccion del Numero de la asociacion:
! Tribunal municipal de contenido actual del VR 4461
Munich Registro

Peticion del 19 de octubre

de 2010 8.33a.m.

}W - Extracto - Pagina 1de 1

1. Numere de las anotaciones hechas hasta ahora:
16

2. a) Nombre:
Fraunhofer-Gesellschaft zur Forderung de angewandten Forschung
gingetragener Verein
b} Domicilio
Munich

3. a) Regulacion general sobre representacién:

Cada vez dos miembros de la junta directiva representaran la asociacion juntos
b} Autorizados a representar y permisos esﬁeciales de representacion

Junta directiva: Prof. Dr. Buller, Ulrich, de Golm, nacido el 1 de junio de 1846

Junta directiva: Prof. Dr.-Ing. Bullinger, Hans-Jérg, de Stuttgart-Botnang, nacido

&l 13 de abril de 1944

27
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Junta directiva: Prof. (Universidad de Stellenbosch) Dr. Gossner, Alfred, de

Erharting, nacido el 15 de octubre de 150

Autorizado a representar junto con un miembro de la junta directiva:
Representante especial, segun paragrafo 30 del cadigo civil para ¢l area de las
finanzas y la contabilidad: Meuer, Andreas, de Munich, nacido el 12 de junio de
1961 |

a) Estatutos:

Sociedad registrada

Estatutos del 26 de marzo de 1949

Ultima modificacion segiin acuerdo del 20 de mayo de 2010

b) Otras relaciones juridicas:

En el transcurso de la desmembracion de la asociacibn cesionista, segun
contrato de desmembracion y recepcion, del 23 de junio de 2009, asl como del
acuerdo de su asamblea de socios, del 24 de junio de 2009, y del acuerdo de la
asamblea de socios de la asociacion cesionista, del 8 de mayo de 2009, la
asociacion tomd parte del patrimonio del Ipstituto para la investigacion de
" pigmentos y lacas (Forschungsinstitut fur Pigmente und Lacke), con domicilio en
Stuttgart {Tribunal municipal de Stutigart, referencia VR 537).

La Forschungsgesellschaft fir angewandte Naturwissenschaften e.V. (Sociedad

de investigacion para ciencias naturales aplicadas, asociacion registrada), con

Soavoo8v
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domicilioc en Bonn (Tribunal municipal de Bonn VR 2530) se fusiond con la

asociacion, con base en el contrato de fusion, del 23 de junio de 2009, asi como
del acuerdo de la asamblea de socios |, del 24 de junio de 2009 y del acuerdo de
la asamblea de socios de la asociacion cesionista, del 4 de punio de 2009.

El Instituto para técnicas de aprovisionamiento de energia solar (Institut for
Solare Energieversorgungstechnik) asociacion de la Universidad de Kassel, con
domicilioc en Kassel (Tribunal municipal de Kassel VR 2029), se fusiond con la
asociacién, con base en la oferta de firma de un contrato de fusion, del 7 de
mayo de 2009, y de la aceptacion de tal oferta, del 23 de junic de 2008, asi
como del acuerdo de la asamblea de socios, del 24 de junio de 2009 vy del

acuerdo de la asamblea de socios de la sociedad cesionista, del 7 de mayo de

2009,
5. a} Fecha de la Gitima anotacién:

3 de agosto de 2010

Se autentica la coincidencia del extracto con el registro comercial.
Munich, 19 de octubre de 2010

Tribuhal municipal de Munich — Tribunal de registro

Jorg Werdich, funcionario judicial

como funcionario fedatario dei despacho

{firma, cordén y sello)
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sp)

APOSTILLE

(Convention de La Haye du 5 octobre 1961)

1. Pafs. Republica Federal de Alemania
el presente documento publico
2 esta firmado por el funcionario judicial Jorg Werdich
3. en su calidad de funcionario fedatario del despacho .
4 e documento esta provisto del sello del Tribunal municipal de Munich
confirmado
5. en Munich 6. 19 de octubre de 2010

7. por el Juez del tribunal municipal, Dr. Ulrich Kiihn, como uno de los igpresgptantas '

3034
0N Ot

del Presidente del tribunal municipal de Munich

8. bajo el No. GenA 9101 a No. 636/10

Jgviogod
?ﬁ
| A

)
9. Selle: 10. Fimma o
Dr. Ulrich Kihn wio R

{firma y sello)
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RELLENADOR DE RUIDO, CALCULADOR DE PARAMETRO DE RELLENO DE
RUIDO, METODO PARA PROPORCIONAR UN PARAMETRO DE RELLENO DE
RUIDO, METODO PARA PROPORCIONAR UNA REPRESENTACION
ESPECTRAL RELLENADA CON RUIDO DE UNA SENAL DE AUDIO, PROGRAMA

DE COMPUTADORA CORRESPONDIENTE Y SENAL DE AUDIO CODIFICADA

Descripcién
Fondo del Invenio

Realizaciones de acuerdo con el invento estan relacionadas con un
rellenador de ruido para proveer una representacion espectral rellenada con ruido de
una sefnal de audio sobre la base de una representacion espectral de entrada de la
sefal de audio, con un calculador de parametro de relleno de ruido de una sefial de
audio, con una representacién de sefial de audio codificada gue representa una
sefal de audio, con un método para proveer una representacion espectral relienada
con ruido de una sefal de audio, con un método para proveer un parametro de
relleno de ruido sobre la base de una representacién espectral cuantificada de una
sefial de audio, y con programas de computadora para implementar dichos métodos.

En lo que sigue se describirdn algunos escenarios en los cuales se
pueden aplicar con ventaja realizaciones de acuerdo con una realizacién del invento.
Muchos codificadores de sefial de audio de dominio de la frecuencia se basan en la
idea de que algunas regiones de frecuencia o regiones espectrales (por ejemplo,
lineas de frecuencia o lineas espectrales provistas por una conversion de dominio del
tiempo a dominio de la frecuencia), son mas importantes que otras regiones
espectrales. Consiguientemente, las regiones espectrales de alta importancia
psicoacustica tipicamente son codificadas con mas alta precision que las regiones
espectrales de inferior relevancia psicoacustica. La relevancia psicoactstica de las
diferentes regiones espectraies puede ser calculada, por ejemplo, usando un modelo
piscoacustico el cual toma en cuenta el enmascaramiento de regiones espectrales
mas débiles por parte de picos espectrales fuertes adyacentes.

Si hay un deseo de reducir la velocidad de transmision de bits de una

sefial de audio codificada hacia un nivel bajo, algunas regiones espectrales son
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cuantificadas con una muy baja precision (por ejemplo, precision de sélo un bit, o

precision de dos bits). Consiguientemente, muchas regiones espectrales
cuantificadas con baja precision son cuantificadas a cero. Asi, a bajas velocidades de
transmision de bits los codificadores de audio basados en transformacion son
propensos a diferentes artefactos (en este contexto se refiere a errores en la
conversion) y especialmente a artefactos que se originan desde lineas de frecuencia
cuantificadas a cero. En realidad, la cuantificacién grosera de valores espectrales en
codificacion de audio de baja velocidad de transmisién de bits podria conducir a un
espectro muy esparcido después de la cuantificacién inversa, ya que muchas lineas
espectrales podrian haber sido cuantificadas a cero. Estos agujeros de frecuencia en
la sefial reconstruida producen indeseables artefactos de sonido. Puede hacer que el
sonido reproducido sea demasiado agudo o inestable (birdies) cuando los agujeros
de frecuencia en el espectro se mueven de cuadro a cuadro.

El rellenc de ruido es un medio para enmascarar estos artefactos
rellenando, en el lado de! decodificador, los coeficientes o las bandas cuantificados
en cero, con ruido aleatorio. La energia del ruido insertado es un parametro
computado y transmitido por el codificador.

Se conocen diferentes conceptos de relleno de ruido. Por ejempio, el
denominado AMR-WR+ combina relleno de ruido y una Transformacion de Fourier
Discreta (DFT), como se describe por ejemplo en la referencia [1]. Ademas, ITU-T
G.729.1 Estandar Internacional define un concepto que combina relleno de ruido y
transformacion cosenc discreta modificada (MDCT). En la referencia [2] se describen
detalles.

Aspectos adicionales con relacién a relleno de ruido se describen en la
solicitud de patente Internacional PCT/IB2002/001388 de Koninklijke Philips
Electronics N.V. (ver referencia [3]).

De todos modos, los conceptos de relleno de ruido convencionales dan
por resultado distorsiones audibles.

En vista de esta discusién, hay un deseo de crear un concepto de relleno

de ruido que se encargue de una mejor impresién de audicion.
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Sintesis del Invento

Una realizacién de acuerdo con el invento crea un filtro de ruido para
proveer una representacion espectral relienada con ruido de una sefial de audio
sobre la base de una representacion espectral de entrada de la seRal de audio. El
rellenador de ruido comprende un identificador de region espectral configurado para
identificar regiones espectrales (por ejempio, lineas espectrales, o bandejas
espectrales) de la representacion espectral espaciadas de regiones espectrales no
nulas (por ejempio, lineas espectrales o bandejas espectrales) de la representacion
espectral de entrada por al menos una region espectral intermedia, para obtener
regiones espectrales identificadas. El rellenador de ruido también comprende un
insertador de ruido configurado para introducir selectivamente ruido dentro de las
regiones espectrales identificadas (por ejemplo, lineas espectrales, o bandejas
espectrales) para obtener la representacion espectral rellena con ruido de la senal de
audio.

Esta realizacion del presente invento se basa en el hallazgo de que
componentes tonales de la representacion espectral de una sefal de audio
tipicamente son degradados, en términos de impresion auditiva, si se aplica un
relleno de ruido en la vecindad inmediata de tales compoenentes tonales.
Consiguientemente, se ha hallado que se puede obtener una mejor impresion
auditiva de una sefial de audio rellenada con ruido si el relleno de ruido sélo se aplica
a regiones espectrales que estan separadas de tal tonal, regiones espectrales no
nulas. Consiguienterente, los componentes tonales del espectro de sefal de audio
(los cuales no son cuantificados a cero en la representacion espectral cuantificada
ingresada al rellenador de ruido) permanecen audibles (esto es, no quedan
derrotados con ruido adyacente muy cercano), mientras todavia se evita
eficientemente la presencia de grandes agujeros espectrales.

En una realizacién preferida, el identificador de region espectral esta
configurado para identificar lineas espectrales de la representacién espectral de
entrada, las cuales son cuantificadas a cero y las cuales comprenden por lo menos

un primer numero predeterminado de lineas espectrales vecinas de frecuencia
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inferior cuantificadas a cero y por lo menos un segundo nimero predeterminado de
lineas espectrales vecinas de frecuencia mas alta cuantificadas a cero, como
regiones espectrales identificadas, en donde el primer nimeroc predeterminado es
mayor o igual que uno y en donde el segundo niimero predeterminado es mayor o
igual que uno. En esta realizacién, el insertador de ruido esta configurado para
introducir selectivamente ruide dentro de las lineas espectrales identificadas mientras
que deja lineas espectrales cuantificadas a un valor no cero y lineas espectrales
cuantificadas a cero, pero no habiendo afectado mediante el relleno de ruido, al
primer nimero predeterminado de lineas espectrales vecinas de frecuencia mas baja
cuantificado a cero, o al segundo nimero predeterminado de lineas espectrales
vecinas de frecuencia mas alta cuantificado a cero. Asi, el relleno de ruido es
selectivo por el hecho de que se introduce ruido s6lo en lineas espectrales que son
cuantificadas a cero y las cuales estan separadas de lineas cuantificadas a un valor
no cero, tanto en una direccién espectral hacia arriba como en una direccién
espectral hacia abajo, por ejemplo mediante el primer numero predeterminado de
lineas espectrales vecinas de frecuencia mas baja cuantificadas a cero y mediante el
segundo numero predeterminado de lineas espectrales vecinas de frecuencia mas
alta cuantificadas a cero.

En una realizacion preferida, el primer nimero predeterminado es igual al
segundo nimero predeterminado, tal que un minimo espaciamiento en direccion de
frecuencia hacia arriba desde las lineas cuantificadas a un valor no cero es igual a un
minimo espaciamiento en la direccién de frecuencia hacia bajo desde las lineas
cuantificadas a un valor no cero.

En una realizacion preferida, el relienador de ruido esta configurado para
introducir ruido sélo en regiones espectrales en una porcién superior de la
representacion espectral de la sefial de audio, mientras gue deja una porcion inferior
de la representacion espectral de la sefial de audio sin afectar por el relleno de ruido.
Un concepto asi es util ya que usualmente las frecuencias mas altas son menos
importantes perceptualmente que las bajas frecuencias. Los valores cuantificados a

cero también aparecen mayormente en la segunda mitad del espectro (esto es, para
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altas frecuencias). También agregar ruido en las altas frecuencias €S menos

propenso a tener un restitucién de sonido final ruidosa.

En una realizacion preferida, el identificador de region espectral esta
configurado para sumar valores de intensidad cuantificados {(por ejemplo, valores de
energia o valores de amplitud) de regiones espectrales en una vecindad espectral a
los dos lados predeterminada de una dada region espectral (esto es, un vecindad
espectral que se extiende hacia ambos lados, frecuencias mas bajas y mas altas),
para obtener un valor suma, y para evaluar el valor suma para decidir si la region
espectral dada es una region espectral identificada o no. Se ha hallado que un valor
suma de energias de un espectro cuantificado sobre una vecindad espectral a los
dos lados de una dada region espectral es una magnitud significativa para decidir si
se debe aplicar relleno de ruido a la region espectral dada.

En otra realizacion preferida, el identificador de region espectral esta
configurado para explorar un rango de regiones espectrales de la representacion
espectral de entrada para detectar secuencias contiguas de regiones espectrales
cuantificadas a cero, y para reconocer una o mas regiones espectrales centrales
(esto es, regiones espectrales no—limite) de tales secuencias contiguas detectadas
como regiones espectrales identificadas.

Se ha hallado que una deteccion de una cierta longitud de seguidilla ("run—
length") de regiones espectrales cuantificadas a cero, es una tarea que puede ser
implementada con particularmente baja complejidad computacional. Para identificar
una secuencia contigua asi de regiones espectrales, es posible decidir si todas las
regiones espectrales adentro de esta secuencia de regiones espectrales estan
cuantificadas a cero, lo cual puede ser realizado usando un algoritmo o circuito
relativamente simple. Si se halla que una secuencia contigua asi de regiones
espectrales esta cuantificada a cero, una o mas regiones espectrales interiores de la
secuencia (las cuales esta espaciadas suficientemente lejos de regicnes espectrales
afuera de la presente secuencia de regiones espectrales) son tratadas como
regiones espectrales identificadas. Asi, explorando a través de un rango de regiones
espectrales (por ejemplo, seleccionando subsiguientemente diferentes secuencias

desplazadas de regiones espectrales), se puede hacer un analisis eficiente de la
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representacion espectral, para identificar regiones espectrales cuantificadas a cero y
separadas de regiones espectrales cuantificadas a un valor no cero por una distancia
minima predeterminada.

Otra realizacién de acuerdo con el invento crea un calculador de
parémetro de relleno de ruido para proveer un parametro de relleno de ruido sobre la
base de una representacién espectral cuantificada de una sefal de audio. EI
calculador de parametro de relleno de ruido comprende un identificador de region
espectral configurado para identificar regiones espectrales de la representacion
espectral cuantificada espaciadas de regiones espectrales no-nulas de la
representacion espectral cuantificada por al menos una region espectral intermedia,
para obtener regiones espectrales identificadas. El calculador de parametro de
relleno de ruido también comprende un calculador de valor de ruido configurado para
considerar selectivamente errores de cuantificacion de las regiones espectrales
identificadas para un calculo del parametro de relleno de ruido. El calculador de
parametro de relleno de ruido se basa en la idea clave de que es deseable restringir
un relleno de ruido de lado del decodificador a regiones espectrales que estan
espaciadas de regiones espectrales tonales (cuantificadas a un valor no cero), y que
consecuentemente el pardmetro de ruido debe ser calculado en el lado de
codificador, tomando en consideracion este concepto. Consiguientemente, se obtiene
un parametro de relleno de ruido el cual es particularmente bien adecuado para el
concepto de decodificador descrito arriba. También se ha hallado que regiones
espectrales, las cuales estan cuantificadas a cero, pero las cuales estan muy cerca
de las regiones espectrales cuantificadas a un valor no cero, con frecuencia no
reflejan un contenido de audio verdaderamente de tipo ruido, sino mas bien estan
fuertemente correlacionadas con una region espectral tonal adyacente (cuantificada
a un valor no cero). Consiguientemente, se ha hallado que generalmente no es
deseable considerar el error de cuantificacién de regiones espectrales, las cuales
estan cerca de regiones espectrales cuantificadas a un valor no cero para un calculo
de un parametro de relleno de ruido, porque esto tipicamente daria por resultado una
fuerte sobre—estimacion del ruido, resultando de ese modo en una representacion

espectral reconstruida demasiado ruidosa.
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Asi, el concepto de calculo de parametro de relleno de ruido descrito en la
presente se puede usar en combinacién con el concepto de relleno de ruido descrito
arriba e incluso en combinacién con conceptos de relleno de ruido convencionales.

En realizaciones preferidas, el concepto para el identificador de regiones
espectrales, el cual ha sido discutido con respecto al rellenador de ruido, también
puede ser aplicado en combinacion con el calculador de parametro de relleno de
ruido.

En una realizacién adicional, el calculador de valor de ruido esta
configurado para considerar una energia real de eror de cuantificacion de las
regiones espectrales identificadas para el calculo del parametro de relleno de ruido.
Se ha hailado que la consideracion de un error de cuantificacién real {mas que un
error de cuantificacion estimado o un error de cuantificacién promedio) tipicamente
conlleva mejores resultados, porque el error de cuantificacion real tipicamente se
desvia del error de cuantificacion estadisticamente esperado.

En otra realizacion preferida, el calcuiador de valor de ruido esta
configurado para enfatizar una energia de error de cuantificacién no—tonal distribuida
sobre una pluralidad de regiones espectrales identificadas en relacion a una energia
de error de cuantificacion tonal concentrada en una sola region espectral. Este
concepto se basa en el hallazgo de que un ruido de banda ancha no tonal, una
energia promedio de lo cual yace debajo de un umbral de cuantificacion y gue por lo
tanto es cuantificada a cero, es perceptualmente mucho mas relevante para el filtro
de ruido que un dnico componente de audio tonal, una intensidad de lo cual yace por
debajo del umbral de cuantificacion, incluso si el ruido de banda ancha no-tonal
cuantificado a cero y el componente tonal cuantificado a cero fueran ambos
cuantificados a cero. La razdn es que el filtro de ruido generando un ruido aleatorio
en el decodificador puede modelar ruido de banda ancha no—tonal faltante en |a
representacion espectral cuantificada pero no componentes tonales faltantes. Asl, un
enfasis de los componentes de ruido no—tonales cuantificados a cero sobre
componentes tonales cuantificados a cero, lieva consigo una reconstruccion de
sonido mas realista. Esto también se debe al hecho de que una impresidon auditiva

humana se degrada mucho mas por la presencia de un agujero espectral (por
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ejemplo, en la forma de ausencia de un ruido de banda ancha cuantificado a cero)
que por ausencia de un pequefio pico espectral cuantificado a cero. Un componente
tonal puede ser concentrado en una sola linea espectral, o puede ser esparcido
sobre varias lineas espectrales contiguas (por ejemplo, i-1, i, i+1). Una region
espectral puede comprende, por ejemplo, una o mas lineas espectrales.

En una realizacion preferida, el calculador de valor de ruido esta
configurado para calcular una suma de energias de error de cuantificacion
logaritmizadas de ias regiones espectrales identificadas para obtener el parametro de
relleno de ruido. Calculando fa suma de energias de error de cuantificacion
logaritmizadas de las regiones espectrales identificadas, el énfasis relativo descrito
arriba de regiones espectrales no—tonales cuantificadas a cero sobre regiones
tonales cuantificadas a cero, puede obtenerse de una manera eficiente.

Otra realizacion de acuerdo con el invento Crea una representacion de
sefial de audio codificada, para representar una sefial de audio. La representacion de
senal de audio codificada comprende una representacion de dominio espectral
cuantificada codificada de la sefial de audio Y un parametro de relleno de ruido
codificado. El parametro de relleno de ruido representa un error de cuantificacion de
las regiones espectrales de la representacion de dominio espectral cuantificadas a
cero y espaciadas de regiones espectrales de la representacion de dominio espectral
cuantificadas a un valor no cero por al menos un numero predeterminado de
regiones espectrales. La representacion de sefial de audio codificada descrita arriba
es usable por el rellenador de ruido discutido arriba Y puede obtenerse usando el
calculador de parametro de relleno de ruido discutido arriba. La representacion de
sefal de audio codificada permite una reconstruccion de la sefal de audio con
calidad de audio particularmente buena porque el parametro de relleno de ruido
refleja selectivamente el error de cuantificacién de Ia representacién de dominio
espectral cuantificada para tales regiones espectrales en las que esta presente una
informacién de ruido significativa y las cuales deben ser consideradas selectivamente
para un relleno de ruido en el lado de decodificador.

Otra realizacién de acuerdo con el invento crea un método para proveer

una representacion rellenada con ruido de una sefial de audio.
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Otra realizacién adicional de acuerdo con el invento crea un método para

proveer un parametro de relleno de ruido sobre la base de una representacion

espectral cuantificada de una sefal de audio.

Otra realizacion adicional de acuerdo con el invento crea un programa de

computadora para implementar los métodos mencionados arriba.

Breve Descripcion de los Dibujos

Subsiguientemente se describiran realizaciones de acuerdo con el invento,
tomando como referencia las figuras adjuntas, en las cuales:

la Figura 1 muestra un diagrama de blogues esquematico de un rellenador
de ruido, de acuerdo con una realizacion del invento;

la Figura 2 muestra un diagrama de bloques esquematico de un
decodificador de sefal de audio que comprende el rellenador de ruido de acuerdo
con el presente invento;

la Figura 3 muestra un seudo codigo de programa para implementar la
funcionalidad de! rellenador de ruido de Ia Figura 1;

la Figura 4 muestra una representacion grafica de una identificacion de
regiones espectrales, la cual se puede realizar en el rellenador de ruido de acuerdo
con el Figura 1;

la Figura 5 muestra un diagrama de bioques esquematico de un calculador
de parametro de relieno de ruido de de acuerdo con una realizacion del invento;

la Figura 6 muestra un seudo codigo de programa para implementar la
funcionalidad de calculador de parametro de relleno de ruido de acuerdo con la
Figura 5;

la Figura 7 muestra un diagrama de flujo de un método para proveer una
representacion espectral rellenada con ruido de una sefal de audio sobre la base de
una representacion espectrai de entrada de la sefial de audio;

la Figura 8 muestra un diagrama de flujo de un método para proveer un
parametro de relleno de ruido sobre la base de una representacion espectral

cuantificada de una sefial de audio; y
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la Figura 9 muestra una representacion grafica de una representacion de

senal de audio, de de acuerdo con una realizacion del invento.

Rellenador de Ruido de acuerdo con ias Figuras 1-4

La Figura 1 muestra un diagrama de bloques esquemdtico de un
rellenador de ruido 100, de acuerdo con una realizacién del invento. El rellenador de
ruido 100 esta configurado para recibir una representacion espectral de entrada 110
de una sefal de audio, por ejemplo en la forma de coeficientes espectrales
decodificados (los cuales pueden, por ejemplo, ser cuantificados o inversamente
cuantificados). El rellenador de ruido 100 también est configurado para proveer una
representacion espectral rellenada con ruido 112 de la sefial de audio sobre la base
de la representacion espectral de entrada 110.

El rellenador de ruido 100 comprende un identificador de region espectral
120, el cual estd configurado para identificar regiones espectrales de ia
representacion espectral de entrada 110 espaciadas de regiones espectrales no-
nulas de la representacién espectral de entrada 110 por al menos una regidn
espectral intermedia, para obtener una informacion 122 que indica las regiones
espectrales identificadas. El rellenador de ruido 100 también comprende un
insertador de ruido 130, el cual esta configurado para introducir selectivamente ruido
dentro de las regiones espectrales identificadas (descritas mediante la informacion
122), para obtener la representacion espectral rellenada con ruido 112 de la sefal de
audio.

Con relacion a la funcionalidad del rellenador de ruido 100, en general se
puede decir que el rellenador de ruido 100 rellena selectivamente regiones
espectrales (por ejemplo, lineas espectraies o bandejas espectrales) de
representacion espectral de entrada 110 con ruido, por ejemplo reemplazando
valores espectrales de lineas espectrales cuantificadas a cero con valores
espectrales de reemplazo que describen un ruido. De esta manera se pueden
rellenar agujeros espectrales o vacios espectrales dentro de la representacion
espectral de entrada 110, los cuales pueden aparecer, por ejemplo, de una

cuantificacién grosera de la representacion espectral de entrada 110. Sin embargo, el
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rellenador de ruido 100 no introduce ruido dentro de todas ias lineas espectrales
cuantificadas a cero (esto es, lineas espectrales, valores espectrales de las cuales
son cuantificados a cero). En cambio, el rellenador de ruido 100 sélo introduce ruido
en tales lineas espectrales cuantificadas a cero, las cuales comprenden una
suficiente distancia desde cualquier linea espectral cuantificada a un valor no cero.
De esta manera, el relleno de ruido no rellena completamente agujeros espectrales o
vacios espectrales, sino que mantiene una distancia espectral de por lo menos una
region espectral (o de por lo menos cualquier otro nlmero predeterminado de
regiones espectrales) entre aquellas lineas espectrales en las cuales se introduce un
ruido y lineas espectrales cuantificadas a un valor no cero. Asi, se mantiene una
distancia espectral entre relleno de ruido, introducido dentro de Ia representacion
espectral, y lineas espectrales cuantificadas a un vaior Nno cero, tal que las lineas
espectrales psicoactisticamente relevantes (las cuales no son cuantificadas a cero en
la representacion espectral de entrada de la sefal de audio) pueden ser claramente
distinguidas (debido a la distancia espectral del nimero predeterminado de una o
mas regiones espectrales) del relleno de ruido introducido dentro del espectro por el
rellenador de ruido. Consiguientemente, se puede percibir claramente el contenido
de audio psicoacusticamente mas relevante (representado por valores de linea
espectral no ceros en la representacion espectral de entrada 110), mientras se evitan
grandes agujeros espectrales. Esto se debe al hecho de que el relleno de ruido es
omitido selectivamente en la cercania de lineas espectrales de la representacion
espectral de entrada cuantificadas a un valor no cero, mientras que se ejecuta refleno
de ruido en las regiones centrales de agujeros espectrales o vacios espectrales.

En lo que sigue se describira un entorno de aplicacién para el rellenador
de ruido 100 haciendo referencia a la Figura 2. La Figura 2 muestra un diagrama de
blogues esquematico de un decodificador de sefal de audio 200, de acuerdo con una
realizacion del invento. E| decodificador de sefial de audio 200 también comprende
un decodificador de coeficiente espectral 210, el cual esta configurado para recibir
una representacion de sefial de audio codificada 212 Yy para proveer una
representacion decodificada opcionalmente inversamente cuantificada 214 de

coeficientes espectrales de la sefial de audio codificada. EI decodificador de
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coeficiente espectral 210 puede comprender, por ejemplo, un decodificador de
entropia (por ejemplo, decodificador aritmético o un decodificador de longitud de
seguidila) y, opcionalmente, un cuantificador inverso para establecer la
representacion decodificada 214 de los coeficientes espectrales (por ejemplo, en la
forma de coeficientes inversamente cuantificados) a partir de la representacion de
sefal de audio codificada 212. El rellenador de ruido 100 esta configurado para
recibir la representacion decodificada 214 de coeficientes espectrales (la cual es
opcionalmente inversamente cuantificada) como la representacion espectral de
entrada 110 de la sefal de audio.

El decodificador de sefial de audio 200 también comprende un extractor
de factor de ruido 220, el cual esta configurado para extraer una informacion de
factor de ruido 222 de ia representacion de sefial de audio codificada 212 y para
proveer la informacion de factor de ruido 222 al rellenador de ruido 100. EI
decodificador de sefial de audio 200 también comprende un corrector de espectro
230, el cual estd configurado para recibir una representacion de espectro
reconstruida 232 desde el rellenador de ruido 100. La representacion de espectro
reconstruida 232 puede ser, por ejemplo, igual a la representacién espectral
rellenada con ruido 112 provista por el rellenador de ruido. El corrector de espectro
230, el cual puede ser considerado opcional, esta configurado para proveer una
informacion de espectro 234 sobre la base de la representacion de espectro
reconstruida 232. El decodificador de sefial de audio 200 ademas comprende un
conversor de dominio espectral a dominio del tiempo 240, el cual recibe Ia
informacién de espectro 234 provista por el corrector de espectro 230 o, en ausencia
del corrector de espectro 230, Ia representacion de espectro reconstruida 232, Y para
proveer sobre la base de eso, una representacion de sefial de audio en el dominio
del tiempo 242 El conversor de dominio espectral a dominio del tiempo 240 puede
ser configurado, por ejemplo, para realizar una transformacion coseno discreta
modificada inversa (IMDCT).

En una realizacion preferida, el relleno de ruido en el lado del
decodificador comprende los siguientes pasos (o sigue 10s siguientes pasos):

1. deccdificar el piso de ruido;
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2. decodificar los valores cuantificados de las lineas de frecuencia;

3. detectar las regiones espectrales en la parte sefeccionados del
espectro donde una longitud de seguidilla de ceros es mayor que
un tamafio minimo de longitud de seguidilla; y

4. aplicar un signo generado aleatoriamente al piso de ruido
decodificado para cada una de las lineas dentro de las regiones
seleccionadas.

El piso de ruido se decodifica como sigue:

nf_decoded = 0.0625*(8-index)

Las regiones espectrales detectadas son seleccionadas, por ejemplo, de
la misma manera gue lo que se hizo en lado del codificador (que se describira abajo).

Un ruido gaussiano sin memoria en el dominio de la MDCT es generado
por un espectro con la misma amplitud para todas las lineas pero con signos
aleatorios. Asi, para cada uno de las lineas adentro de las regiones seleccionadas, el
decodificador genera un signo aleatorio (-1 6 +1) y lo aplica al piso de ruido
decodificado. Sin embargo, se pueden aplicar también otros métodos de proveer una
contribucion de ruido.

En lo que sigue se describiran algunos detalles tomando como referencia
las Figuras 1, 2, 3 y 4 en donde la Figura 3 muestra un seudo codigo de programa de
un algoritmo para relleno de ruido en el lado de! decodificador, el cual puede ser
realizado mediante el rellenador de ruido 100, y en donde fa Figura 4 muestra una
representacion grafica del rellenado con ruido.

Para empezar la decodificacién del piso de ruido puede ser realizada
mediante el extractor de factor de ruido 220, el cual recibe, por ejemplo, un indice de
factor de ruido (al que también se designa sintéticamente como “index") y para
proveer sobre la base de eso, el valor de factor de ruido decodificado 222 (también
designado con "'nf_decoded”). El indice de factor de ruido puede ser codificado, por
ejemplo, usando tres o cuatros bits, y puede ser por ejemplo, un valor entero en el
rango entre 0 y 7, o un valor entero en un rango entre 0 y 15.

Los valores cuantificados de las lineas de frecuencia (también designados

como "lineas espectrales” o "bandejas espectrales") pueden ser provistos por el
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de linea espectral (a los que también se designa como "coeficientes espectrales)
cuantificados (u opcionalmente, inversamente cuantificados), los cuales son
designado como “quantized (x(i))". Aqui, i designa un indice de frecuencia de los
valores de linea espectral.

Subsiguientemente se detectan regiones espectrales mediante el
rellenador de ruido 100 en una parte seleccionada del espectro (por ejemplo, en una
porcion superior del espectro empezando desde un indice de frecuencia i de linea
espectral predeterminada) donde una longitud de seguidilla de ceros (esto es, de
valores de linea espectral cuantificados cuantificados a cero) es mas alta que un
minimo tamafio de longitud de seguidilla. La deteccién de regiones espectrales asi es
realizada por una primera porcién 310 del algoritmo 300 de la Figura 3. Como se
puede ver de la primera porcion 310 del algoritmo 300, un conjunto R de regiones
detectadas es inicializada para ser un conjunto vacio en el inicio del algoritmo (R=
{3

En el ejemplo del algoritmo de Ia Figura 3, se fija una longitud de seguidilla
minima en un valor fijo de 8, pero naturaimente se puede elegir cualquier otro valor.

Subsiguientemente, se determina para una pluralidad de lineas
espectrales bajo consideracion (designadas por variable en curso "indice de linea") si
cada uno de esas lineas espectrales bajo consideracion comprende un entorno a
ambos lados de lineas espectrales cuantificada a cero (y si la linea espectral bajo
consideracion esta en si misma cuantificada a cero). Por ejemplo, todas las lineas en
la segunda mitad del espectro pueden ser consideradas sucesivamente como lineas
bajo consideracién, en donde una linea que esta actualmente bajo consideracion es
designada por "indice de linea". Para una linea bajo consideracion designada por
"indice de iinea", se computa una suma de coeficientes espectrales cuantificados
“quantized(x(i))" en un entorno que esta en el rango desde el indice de frecuencia de
linea espectral de “indice de linea — (MinimalRunLength)/2” a un indice de frecuencia
de linea espectral de “indice de linea + MinimalRunLength)/2”. Si se halla que la
suma de los valores de linea espectral en dicho entorno de la linea espectral

actualmente bajo consideracién (que tiene indice de frecuencia de linea espectral

decodificador de coeficiente espectral 210. Consiguientemente, se obtienen valores

2E




10

15

20

25

30

~ 15 —

“indice de linea") es cero, entonces, la linea espectral actualmente bajo
consideracion (o mas precisamente, el indice de frecuencia de linea espectral "indice
de linea" de ella) es agregado al conjunto R de regiones detectadas (o lineas
espectrales detectadas). Consiguientemente, si el indice de frecuencia de linea
espectral de una linea espectral es agregado al conjunto R, esto significa que las
lineas espectrales que tienen indices de linea entre “line index -
MinimalRunLength)Y2” y “line index + MinimaiRunLength)/2”, todos comprenden
valores de linea espectral cuantificados a cero.

Consiguientemente, en la primera porcion 310 del seudo codigo de
programa 310, se obtiene un conjunto R de indices de frecuencia de linea espectral
"indice de linea”, el cual enumera aquellas (y solo aquellas) lineas espectrales de |a
porcion espectral bajo consideracion que estan "suficientemente" espaciadas (esto
es, por al menos MinimalRunlength/2 lineas) de cualquier linea espectral
cuantificada a un valor no cero.

La deteccion de una regién asi esta ilustrada en la Figura 4, la cual
muestra una representacién grafica 400 de un espectro. Una abscisa 410 describe
una frecuencia de lineas espectrales en términos de un indice de frecuencia de linea
espectral "indice de linea". Una ordenada 412 describe una intensidad (por ejemplo,
amplitud o energia) de las lineas espectrales. Como se puede ver, la porcién del
espectro ilustrada en la representacion grafica 400 comprende cuatro lineas
espectrales 420a, 420b, 420¢ y 420d, cuantificadas a un valor no cero. Ademas,
entre las lineas espectrales 420c y 420d, hay 11 lineas espectrales 422a-422k
cuantificadas a cero. Ademas, se supone que una linea espectral sélo se considera
que esta espaciada suficientemente de una linea espectral cuantificada a un valor no
cero si hay por lo menos cuatro lineas espectrales cuantificadas a cero entre la linea
espectral actualmente bajo consideracion y cualquier otra linea espectral cuantificada
a un valor no cero. (y naturalmente, si la linea espectral actualmente bajo
consideracién esta en si misma cuantificada a cero). Sin embargo, cuando se
considera la linea espectral 422a, se hallara que la linea espectral 422a es
inmediatamente adyacente a la linea espectral 422¢, la cual no esta cuantificada a

cero, tal que el indice de frecuencia de linea espectral de la finea espectral 422a no
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sera parte del conjunto R computade de acuerdo con la primera parte 310 del
algoritmo 300. De manera similar, se hallara que las lineas espectrales 422b, 422¢ y
422d no estan espaciadas suficientemente lejos de toda linea espectral cuantificada
a un valor no cero , tal que los indices de frecuencia de linea espectral de las lineas
espectrales 422b a 422d tampoco seran parte del conjunto R. En contraste, se
reconocera que la linea espectral 422e esta espaciada suficientemente lejos de toda
linea espectral cuantificada a un valor no cero, porque la linea espectral 422e es una
linea central (0, mas generalmente, una linea central), de una secuencia de 9 lineas
espectrales contiguas todas cuantificadas a cero. Consiguientemente, un indice de
frecuencia de linea espectral de la linea espectral 422e sera parte del conjunto R
computado en la primera porcion 310 del algoritmo 300. Lo mismo vale para las
lineas espectrales 422f y 4229, tal que los indices de frecuencia de linea espectral de
las lineas espectrales 422f y 422g seran parte del conjunto R determinado en la
primera porcién 310 del algoritmo 300, ya que las lineas espectrales 422f y 422g
estan espaciadas suficientemente lejos de cualquier linea espectral de frecuencia
inferior 420a, 420b y 420c, cuantificadas a un valor no cero y de cualquier linea
espectral de frecuencia superior cuantificada a un valor no cero. Por el otro lado, las
lineas espectrales 422h, 422, 422) y 422k no seran parte del conjunto R, porgue
dichas lineas espectrales estan ubicadas demasiado cerca, en términos de
frecuencia, al lado de la linea espectral 420d cuantificada a un valor no cero.
Consiguientemente, el conjunto R no comprendera indices de frecuencia
de linea espectral de las iineas espectrales 420a, 420b, 420c, 4204, porque dichas
lineas espectrales estan cuantificadas a un valor no cero. Ademas, los indices de
frecuencia de linea espectral de las iineas espectrales 422a, 422b, 422¢, 422d, 422h,
422i, 422j y 422k no seran parte del conjunto R porque dichas lineas espectrales
estan ubicadas demasiado cerca al lado de las lineas espectrales 420a, 420b, 420c y
420d. En contraste, los indices de frecuencia de linea espectral de las lineas
espectrales 422e, 422f, 422g estaran incluidos en el conjunto R, porque dichas lineas
espectrales estdn en si mismas cuantificadas a cero y estan espaciadas

suficientemente lejos de cualquier linea espectral adyacente no nula.
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El algoritmo 300 también comprende una segunda porcion 320 de
decodificar el piso de ruido, en donde un indice de valor de ruido ("index" en la
porcion 320 de codigo de programa ) es convertido en un valor de cifra de ruido
decodificado ("nf_decoded" en el programa 300).

El codigo de programa 300 también comprende una tercera porcion 330
de rellenar las iineas espectrales identificadas, esto es lineas espectrales indices de
frecuencia de linea espectral i los cuales estan en el conjunto R, con ruido. Con este
proposito, los valores espectrales de las lineas espectrales identificadas (designados
por ejemplo, con x(i), en donde la variable corriente i subsiguientemente toma todos
los indices de frecuencia de linea espectral incluidos en el conjunto R) son fijados a
valores de relleno de ruido. Los valores de relleno de ruido se obtienen, por ejemplo,
multiplicando el valor de relleno de ruido decodificado ("nf_decoded") con un nimero
aleatorio o un nimero seudo alaeatorio (designado con “random(-1,+1)"), en donde
el numero aleatorio o seudo alaeatorio puede tomar, por ejemplo, aleatoriamente 0
seudo aleatoriamente los nimeros —1 y +1. Sin embargo, naturalmente es posible
diferente provision de un ruido aleatorio o seudo aleatorio.

El relleno de ruido también se ilustra en Ia Figura 4. Como se puede ver en
la Figura 4, los valores espectrales cero de las lineas espectrales 422e, 422f y 422g

son reemplazados por valores de relleno de ruido (ilustrados por lineas de trazos en

la Figura 4).

Calculador de parametro de refleno de ruido de acuerdo con las Figuras 5y 6

La Figura 5 muestra un diagrama de bloques esquematico de un
calculador de parametro de relleno de ruido 500. El calculador de parametro de
relleno de ruido esta configurado para obtener una representacion espectral
cuantificada 510 de una sefial de audio Y para proveer, sobre {a base de eso, un
parametro de relleno de ruido 512. E| calculador de parametro de relleno de ruido
900 comprende un identificador de region espectral 520, el cual esta configurado
para recibir [a representacion espectral cuantificada 510 de la sefial de audio Y para
identificar regiones espectrales (por ejemplo, lineas espectrales) de la representacion

espectral cuantificada 510 espaciadas de regiones espectrales no nulas de [a
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representacion espectral cuantificada 510 por al menos una regién espectral
intermedia (por ejemplo linea espectral), para obtener una informacién 522 que
describe regiones espectrales identificadas  (por ejemplo lineas espectrales
identificadas). El calculador de parametro de relleno de ruido 500 comprende
ademas un configurado para recibir una informacion de error de cuantificacion 532 y
para proveer el parametro de relleno de ruido 512. Con este proposito, el calculador
de valor de ruido esta configurado para considerar selectivamente errores de
cuantificacién de las regiones espectrales identificadas, descrito mediante Ia
informacién 522, para un célcuio del parametro de relleno de ruido 512.

La informacion de error de cuantificacién 532 puede por ejemplo ser
idéntica a una informacién de energia (o informacién de intensidad) que describe
energias (o intensidades) de aquellas lineas espectrales que estan cuantificadas a
cero en la representacion espectral cuantificada 510.

El calculador de parametro de relleno de ruido 500 puede comprende
opcionalmente un cuantificador 940, el cual esta configurado para recibir una
representacion espectral no cuantificada 542 de una sefal de audio y para proveer la
representacion espectral cuantificada 510 de la sefial de audio. El cuantificador 540
puede tener una resolucion de cuantificacién ajustable, la cual puede ser, por
ejemplo, individualmente ajustable por linea espectral, o por banda espectral (por
ejemplo, en dependencia de una relevancia psicoacustica de las lineas espectrales o
bandas espectrales, obtenido usando un modelo psicoacustico). La funcionalidad del
cuantificador de resolucién variable puede ser igual a la funcionalidad descrita en las
Normas Internaciones ISO/IEC 13818-7 y ISOAEC 14496-3. En particular, e
cuantificador 540 puede ser ajustado tal que haya espacios libres o agujeros
espectraies en la representacion espectral cuantificada 510 de ia sefial de audio, por
ejemplo, regiones contiguas de lineas espectrales adyacentes cuantificadas a cero.

Asimismo, las representacion espectral no cuantificada 542 puede servir
como la informacién de error de cuantificacion 332, o la informacion de error de

cuantificacion 532 puede ser establecida a partir de la representacion espectral no

cuantificada 542.
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En lo que sigue se describirg en detaile Ia funcionalidad de la computacion
de parametro de relleno de ruido, la cual puede ser realizada por el calculador de
parametro de relleno de ruido 500. En |a computaciéon de parametro de relleno de
ruido en el lado del codificador, el relleno de ruido preferiblemente es aplicado en el
dominio de la cuantificacién. De esta manera, el ruido introducido es corregido luego
mediante el filtro inverso relevante psicoacustico. La energia del ruido introducido por
el decodificador es calculada en codificada en el lado del codificador siguiendo los
siguientes pasos:

1. Tomar los valores cuantificados de las lineas de frecuencia;

2. Seleccionar s6lo una parte de los espectros;

3. Detectar las regiones espectrales en la parte seleccionada de los
espectros donde una longitud de seguidilla de ceros es mas alta
que un tamafio minimo de longitud de seguidilla;

4. Calcular la media geométrica del error de cuantificacion sobre las
regiones previamente detectadas; y

5. Cuantificar uniformemente la media geomeétrica con 3 bits.

Con relacién al primer paso, los valores cuantificados de las lineas de
frecuencia pueden obtenerse usando el cuantificador 540. Los valores cuantificados
de las lineas de frecuencia por lo tanto son representados por la representacion
espectral cuantificada 510.

Con respecto al segundo paso, el cual puede ser considerado opcional, se
debe notar que la computacién del relieno de ruido preferiblemente se realizar sobre
la base de una porcién de alta frecuencia de los espectros. En una realizacion
preferida, la energia del ruido (Ilamada piso de ruido) es calculada sélo sobre |a
segunda mitad de los espectros, esto es, para ias altas frecuencias (pero no para las
frecuencias inferiores). En realidad, usualmente las altas frecuencias (parte superior
del espectro) son perceptualmente menos importantes que las bajas frecuencias, y
los valores cuantificados a cero aparecen mayormente en la segunda mitad de ios
espectros. Asimismo, agregar el ruido en las altas frecuencias es Menos propenso a

obtener una resolucion de sonido final ruidosa.
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Con respecto al tercer paso, restringiendo el relleno de ruido sobre las

regiones espectrales donde ocurre una longitud de seguidilla de valores cuantificados
a cero, se evita que el relleno de ruido afecte demasiado a los valores no anulados.
De esta manera, el relleno de ruido no se aplica en la vecindad de valores no
anulados, y la tonalidad original de estas lineas entonces se preserva mejor. El
tamafio minimo de longitud de seguidilla se fija en 8 en una realizacién preferida.
Esto significa que las 8 lineas que rodean a un valor no anulado no son afectadas
por el relleno de ruido (y consecuentemente no son consideradas para el calculo de
un valor de ruido).

Con respecto al cuarto paso, el error de cuantificacién en el dominio
cuantificado estd en el rango [-0,5; 0,5], y se supone que esta uniformemente
distribuido. La energia de errores de cuantificacion de las regiones detectadas es
promedio en el dominio logaritmico (esto es, media geométrica). El piso de ruido, nf,

entonces se calcula como sigue:

nf = power(10, sum(log TO(E(x(in))(2*n))

En lo de arriba, sum() es la suma de las energias logaritmicas, log10(E()),
de las lineas individuales x(i) adentro de las regiones detectadas, y n el nimero de
lineas dentro de estas regiones. E| piso de ruido, nf, esta entre 0 y 0,5. Un célculo asi
permite tomar en cuenta la chatura espectral original de los valores anulados, y luego
obtener informacion acerca de sus caracteristicas de tonalidad/ruidosidad.

Si los valores anulados son muy tonales, el piso de ruido (computado en el
aparato 500) ira hacia cero, y se agregara un bajo piso de ruido al decodificador (por
ejemplo, el decodificador 100, 200 descrito arriba). Si los valores anulados son
realmente ruidosos, el piso de ruido sera alto, y el relleno de ruido puede verse como
una codificacion altamente paramétrica de iineas espectrales anuladas, tipo PNS
(Substitucion de Ruido Perceptual) (ver también referencia [47).

Con respecto al guinto paso, el indice de cuantificacion ("index") del piso

de ruido, entonces se calcula como sigue:

Lptd




index=max(0,min{7, int(8—16*nf)))

El'indice es transmitido, por ejemplo, en 3 bits.
En lo que sigue se describira el algoritmo para computar el parametro de
5 relleno de ruido tomando como referencia la Figura 6, la cual muestra un seudo
codigo de programa 600 de un algoritmo tal para obtener el parametro de relleno de
ruido, de acuerdo con una realizacion del invento. El algoritmo 600 comprende una
primera porcion 610 de detectar regiones las cuales deben ser consideradas para
computacion del parametro de relleno de ruido. Las regiones identificadas (por
10 ejemplo, lineas espectrales) son descritas por el conjunto R, el cual por ejempio
. puede comprende indices de frecuencia de linea espectral ("indice de linea") de
lineas espectrales identificadas. Se pueden identificar lineas espectrales que en si
mismas son cuantificadas a cero y las cuales ademas estan espaciadas
suficientemente lejos de cualquier otra linea espectral cuantificada a un valor no

15  cero.

La primera porcion 610 del programa 600 puede ser idéntica a la primera
porcion 310 del programa 300. Consiguientemente, la representacion espectrai
cuantificada ("quantized (x(i))") usada en el aigoritmo 600 puede ser, por ejemplo,
idéntica a la representacion espectral cuantificada ("quantized x{i))") usada en el

20  algoritmo 300 en el lado del decodificador. En otras palabras, fa representacion
espectral cuantificada usada en el lado del codificador puede ser transmitida, en una
forma codificada, al decodificador en un sistema de transmision gue comprende un
codificador y un decodificador.

El algoritmo 600 comprende una segunda porcidn 620 de computar el piso

25 de ruido. En la computacion del piso de ruido, sélo se consideran aquellas regiones
espectrales (o lineas espectrales) descritas por el conjunto R en la primera porcién
610 del algoritmo 600. Como se puede ver, el valor de relleno de ruido nf es primero
inicializado a cero. El numero de lineas espectrales considerada (n) es inicializado
primero a cero. Subsiguientemente, las energias de todas las lineas espectrales,

30 indices de linea de lo cuales estan incluidos en el conjunto R, son sumadas, en

donde las energias de las lineas espectrales son logritmizadas antes de sumar. Por
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ejemplo, se puede sumar un logaritmo en base 10 (log10) de las energias (E(x(i))) de
las lineas espectraies. Se debe notar aqui que la energia real de las lineas
espectraies antes de cuantificacién {designadas con "E o energia (x(i))") es sumada
en forma logaritmizada. También se cuenta el nimero de lineas espectrales
consideradas. Asi, después de la ejecucion de ia segunda porcion 620 del algoritmo
600, la variable nf indica una suma logaritmica de energia de las lineas espectrales
identificadas antes de la cuantificacién, y la variable n describe el ndmero de lineas
espectrales identificadas.

El algoritmo 600 también comprende una tercera porcidon 630 de
cuantificacién del vaior nf, esto es, la suma logaritmica de las lineas espectrales
identificadas. Se puede usar una ecuacién de mapeo como se describe arriba o

como se muestra en la Figura 6.

Método de acuerdo con la Figura 7

La Figura 7 muestra un diagrama de flujo de un método para proveer una
representacion espectral rellenada con ruido de una senal de audio sobre la base de
Una representacion espectral de entrada de la sefial de audio. El método 700 de la
Figura 7 comprende un paso 710 de identificar regiones espectrales de una
representacion espectral de entrada de una sefial de audio espaciadas de las
regiones espectrales de valores no ceros de Ia representacion espectral de entrada
por al menos una regién espectral intermedia, para obtener las regiones espectrales
identificadas. El método 700 también comprende un paso 720 de introducir
selectivamente ruido dentro de las regiones identificadas, para obtener una
representacion espectral rellenada de ruido de la sefial de audio.

El método 700 puede ser suplementado por cualquiera de los rasgos

distintivos y funcionalidades descritos en la presente con referencia al rellenador de

ruido del invento.

Método de acuerdo con la Figura 8

La Figura 9 muestra un diagrama de flujo de un método para proveer un

parametro de relleno de ruido sobre la base de una representacion espectral
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cuantificada de una sefial de audio. El método 800 comprende un pasc 810 de
identificar las regiones espectrales de Ia representacion espectral cuantificada de una
sefnal de audio espaciadas de las regiones espectrales de valores no ceros de la
representacion espectral cuantificada por al menos una region espectral intermedia,
para obtener las regiones espectrales identificadas. El método 800 también
comprende un paso 820 de considerar selectivamente los errores de cuantificacion
de las regiones identificadas para el calculo de los parametros de relleno.

El método 800 puede ser suplementado por cualquiera de los rasgos
distintivos y funcionalidades descritos en la presente con respecto al calculador de

parametro de relleno de ruido.

Representacion de sefal de audio de acuerdo con la Figura 9

La Figura 9@ muestra una representacion grafica de una representacion de
sefal de audio de acuerdo con una realizacion del invento. La representacion de
sefial de audio 900 puede formar la base, por ejemplo, para la representacion
espectral de entrada 110. La representacion de sefial de audio 900 también puede
hacerse cargo de la funcionalidad de Ia representacion de sefal de audio codificada
212. La representacion de sefial de audio 900 puede obtener usando el calculador de
parametro de relieno de ruido 500, en donde la representacion de sefal de audio 900
puede comprender, por ejemplo, la representacién espectral cuantificada 510 de I3
sefal de audio y el parametro de relleno de ruido 512, por ejemplo, ambos en forma
cadificada.

En otras palabras, la representacion de sefal de audio codificada 900
puede representar una sefial de audio. La representacion de sefial de audio
codificada 900 comprende una representacion de dominio espectral cuantificada
codificada de la sefal de audio y también un pardmetro de relleno de ruido
codificado. El parametro de relleno de ruido representa un error de cuantificacién de
regiones espectrales de la representacion de dominio espectral cuantificadas a cero
y espaciadas de regiones espectrales de la representacién de dominio espectral

cuantificadas a valores no ceros, por al menos una regién espectral intermedia.
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Naturalmente, la representacion de sefial de audio 900 puede ser

suplementada por cualquier informacién descrita arriba.

Aiternativas de Implementacion

Dependiendo de ciertos requerimientos de implementacion, realizaciones
del invento pueden ser implementadas en hardware o en software. La
implementacién puede ser realizada usando un medio de aimacenamiento digital, por
ejemplo un disco flexible, un DVD, un CD, una memoria de solo lectura, una PROM,
una EEPROM o -una memoria FLASH, teniendo sefiales de control legibles
electronicamente almacenadas en las mismas, las cuales cooperan (o son capaces
de cooperar) con un sistema de computadora programable tal que se ejecute el
respectivo método.

Algunas realizaciones de acuerdo con el invento comprende un portador
de datos que tiene sefales de control legibles electrénicamente, las cuales son
capaces de cooperar con una sistema de computadora programable, tal que uno de
los métodos descrito en Ia presente sea ejecutado.

Generalmente, realizaciones del presente invento pueden ser
implementadas como un programa de computador con un codigo de programa,
siendo coddigo de programa operativo para ejecutar uno de los métodos cuando el
producto de programa de computadora corre en una computadora. El codigo de
programa puede ser almacenado, por ejemplo, sobre un portador legible por una
maquina.

Otras realizaciones comprenden el programa de computadora para
ejecutar uno de los métodos descritos en la presente, almacenado en un portador
legible por una maquina.

En otras palabras, una realizacion del método inventivo es, por lo tanto, un
programa de computadora que un cédigo de programa para ejecutar uno de los
métodos descritos en la presente, cuando el programa de computadora corre en una
computadora.

Una realizacion adicional de ios métodos inventivos es, por lo tanto, un

portador de datos (o un medio de almacenamiento digita) que comprende el
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programa de computadora para ejecutar uno de los métodos descritos en la

presente.

Una realizacién adicional del método inventivo es, por lo tanto, una
transmision de datos o una secuencia de sefales que representan el programa de
computador para ejecutar uno de los métodos descritos en la presente. La
transmision de datos o la secuencia de sefales pueden ser configuradas, por
ejemplo, para ser transferidos via una conexién de comunicacion de datos, por
ejemplo, via Internet,

Una realizacion adicional comprende un medio de procesamiento, por
ejemplo, una computadora, o un dispositivo logico programable, configurado para o
adaptado para ejecutar uno de los métodos descritos en la presente.

Una realizacién adicional comprende una computadora que tiene instalado
en ella el programa de computadora para ejecutar uno de los métodos descritos en |a
presente.

En algunas realizaciones se puede usar un dispositivo de l6gica
programable (por ejemplo un arreglo de compuesta programable de campo) para
realizar algunas o todas las funcionalidades de los métodos descritos en la presente.
En algunas realizaciones, el arreglo de compuerta programable de campo puede

Cooperar con un microprocesador para realizar uno de los métodos descritos en la

presente.

Conclusion

Sintetizando lo de arriba, el presente invento mejora la herramienta de
codificacion de audio "relleno de ruido” considerando la sefial de audio y las
caracteristicas de sefial decodificada tanto cuando se computan parametros de
relleno de ruido en el lado del codificador, como cuando se aplica el ruido al lado del
decodificador. En una realizacion del invento, se estima la tonalidad/ruidosidad de las
lineas espectrales cuantificadas a cero Y 8e usa para la estimacion de piso de ruido.
Este piso de ruido luego es transmitido al decodificador el cual aplica el relleno de

ruido a los valores cuantificados a cero que ocurren en regiones especificas de los

(49
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espectros. Estas regiones son seleccionadas en base a las caracteristicas de los
espectros decodificados.

Con relacién al contexto del invento, se puede notar que el invento fue
aplicado a una codificacion basada en transformacién que usa una cuantificacion
escalar sobre MDCT. Los coeficientes de MDCT son previamente normalizados
mediante una curva calculada en base de indicadores perceptuales. La curva es
deducida a partir de una etapa de analisis de LPC (Codificacion de Prediccién Lineal)
previa ponderando los coeficientes de LPC, como se hace en el modo TCX de AMR—
WB+ (ver referencia [1]) A partir de los coeficientes ponderados, se disefia un filtro
de ponderacion perceptual y se aplica antes de la MDCT. E filtro inverso también es
aplicado en el lado del decodificador después de la MDCT inversa. Este filtro de
ponderacion perceptual inversa corrige los ruidos de cuantificacion de una manera
que minimiza o enmascara el ruido percibido.

En realizaciones de acuerdo con e invento S€ superan las desventajas de
la tecnica previa. El relleno de ruido se aplica convencionalmente en una manera
sistematica sobre los valores cuantificados a cero considerando sélo un umbral
basado en la envoivente espectral, un umbral de enmascaramiento, o un umbral de
energia. La técnica previa no considera ni las caracteristicas de la sefal de entrada
ni las caracteristicas de la sefal decodificada. Asi, un aparato convencional puede

introducir artefactos adicionales indeseables, especialmente artefactos de ruido, y

cancela las ventajas de una herramienta asi.

Referencias:

(1] "Codificador/decodificador (AMR-WB+) Multi-Velocidad — Banda
Ancha Adaptativo Extendido” ("Extended Adaptive Multi-Rate — Wideband (AMR—
WB+) codec™), 3GPP TS 26.290 V6.3.0, 200506, Especificacion Técnica

2] Ragot et al, "Codificador Ajustable ITU-T G.729.1- AN 8-32 Kbit/S
Interoperable con G.729 para Telefonia de Banda Ancha y Voz a través de IP" (“/TU-
T G.729.1: AN 8-32 Kbit/S Scalable Coder Interoperable with G.729 for Wideband
Telephony and Voice Over IP"), Vol. 4, ICASSP 07, 15-20 Abril de 2007
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[3] "CODIFICACION DE AUDIO" ("AUDIO CODING"), Solicitud
internacional No.: PCT/IB2002/001388, Solicitante: KONINKLIJKE ~ PHILIPS

ELECTRONICS N.V. [NL/NLYJ; Groenewoudseweg 1 NL-5621 BA Eindhoven (NL).
Inventores: TAORI, Rakesh; Prof Holstlaan 6 NL—-5656 AA Eindhoven (NL) y VAN DE
PAR, Steven, L., J., D., E.: Prof. Holstlaan 6 NL-5656 AA Eindhoven (NL).

[4] Codificacion Genérica de Dibujos Animados y Audio Asociado:
Codificacion de Audio Avanzado. (Generic Coding of Moving Pictures and Associated
Audio:  Advanced  Audio Coding) International  Standard 13818-7,
ISO/IECJITCA/SC29/WG11 Moving Pictures Expert Group, 1997




REIVINDICACIONES

1. Un rellenador de ruido (100) para proveer una representacion espectral

rellenada con ruido (112) de una sefial de audio sobre 1a base de una representacion

5 espectral de entrada (110) de la sefial de audio, el rellenador de ruido que
comprende:

un identificador de region espectral (120) configurado para identificar

regiones espectrales (422e, 422f, 422g) de la representacion espectral de entrada

(110) espaciadas de regiones espectrales no nulas (420a, 420b, 420c, 420d) de la

10 representacién espectral de entrada (110) por al menos una region espectral
. intermedia (422a, 422b, 422c, 422d, 422h, 422i, 422j, 422k), para obtener regiones
espectrales identificadas (422e, 422f, 422q): y

un insertador de ruido (130) configurado para introducir selectivamente

ruido dentro de las regiones espectrales identificadas (422e, 422f, 422qg) para
15 obtener la representacién espectral rellenada con ruido (112) de la sefial de audio.

2. Ei rellenador de ruido (100) de acuerdo con la reivindicacion 1, en
donde el identificador de region espectral (120) estd configurado para identificar
lineas espectrales (422e, 422f, 422g) de la representacion espectral de entrada
(110), las cuales estan cuantificadas a cero y las cuales comprenden por lo menos

20 un primer nimero predeterminado (4) de lineas espectrales vecinas de frecuencia
inferior (422a, 422b, 422¢c, 422d; 422b, 422¢, 4224, 422e, 422¢, 422d, 422e, 422f)
cuantificadas a cero y por lo menos un segundo ndmero predeterminado (4) de
lineas espectrales vecinas de frecuencia mayor (422f, 422g, 422h, 422i; 422g, 422h,
422i, 422, 422h, 422i, 422j, 422k) cuantificadas a cero, como regiones espectrales

25 identificadas;

en donde el primer niumero predeterminado (4) es mayor o igual que 1, y
en donde el segundo nimero predeterminado (4) es mayor o igual que 1; y

en donde el insertador de ruido (130) esta configurado para introducir
selectivamente ruido dentro de las lineas espectrales identificadas (422e, 422f, 422q)

30  mientras que deja sin afectar por el relleno con ruido, las lineas espectrales {420a,

420b, 420c, 420d) cuantificadas a un valor no cero y las lineas espectrales (4223,

o

1
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ruido que comprende:

422b, 422¢c, 422d, 422h, 422i, 422}, 422k) cuantificadas a cero, pero que no tienen el
primer numero predeterminado (4) de lineas espectrales vecinas de frecuencia
inferior cuantificadas a cero, o el segundo numero predeterminado (4) de lineas
especirales (4} de lineas espectrales vecinas de frecuencia mas alta cuantificadas a
cero.

3. El rellenador de ruido (100) de acuerdo con la reivindicacion 2, en
donde el primer numero predeterminado (4) es igual al segundo namero
predeterminado (4).

4. El rellenador de ruido (100) de acuerdo con una de las reivindicaciones
1 a 3, en donde el rellenador de ruido esta configurado para introducir ruido sélo
dentro de regiones espectrales en una porcion superior de la representacion
espectral de entrada (110) de Ia sefal de audio mientras que deja una porcion
inferior de la representacién espectral de entrada (110) de la sefal de audio sin
afectar por el relleno con ruido.

5. El rellenador de ruido (100) de acuerdo con una de las reivindicaciones
1 a 4, en donde el identificador de region espectral (120) esta configurado para
sumar valores de intensidad cuantificados {quantized (x(i))) de regiones espectrales
en una vecindad espectral a los dos lados predeterminada de una dada regién
espectral (i), para obtener un valor suma (E), y para evaluar el valor suma (E) para
decidir si la region espectral dada (i} es una region espectral identificada o no.

6. El rellenador de ruido (100) de acuerdo con una de las reivindicaciones
1 a 5, en donde el identificador de region espectral (120) esta configurado para
explorar un rango de regiones espectrales de la representacion espectral de entrada
(110) para detectar secuencias contiguas (422a a 422i; 422b 422j; 422¢ a 422k} de
regiones espectrales cuantificadas a Cero, y para reconocer una o mas regiones
espectrales centrales (422e, 422f, 4229) de las secuencias contiguas detectadas
como regiones espectrales identificadas.

7. Un calculador de parametro de relleno de ruido (500) para proveer un
parametro de relleno de ruido (512) sobre la base de una representacion espectral

cuantificada (510) de una sefal de audio, el calculador de parémetro de relleno de
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un identificador de region espectral (520} configurado para identificar
regiones espectrales 422e, 422f, 422g) de la representacién espectral cuantificada
(510) espaciadas de las regiones espectrales no nulas (420a, 420b, 420c, 420d) de
la representacion espectral cuantificada (510) por al menos una regién espectral
intermedia (422a, 422b, 422c, 422d, 422h, 422i, 422j, 422k), para obtener regiones
espectrales identificadas (422e, 422f, 422q); y

un calculador de valor de ruido (530) configurado para considerar
selectivamente errores de cuantificacién ((energy (x(i))) de regiones espectrales
identificadas (i) para un calculo del parametro de relleno de ruido (512, nf).

8. El calculador de parametro de relleno de ruido (500} de acuerdo con la
reivindicacion 7,

en donde el identificador de region espectral (520) esta configurado para
identificar lineas espectrales (422e, 422f, 4229g) de la representacion espectral de
entrada (510), las cuales estan cuantificadas a cero y las cuales comprenden por lo
Menos un primer numero predeterminado (4) de lineas espectrales vecinas de
frecuencia inferior (422a, 422b, 422c, 422d; 422b, 422c, 422d, 422e, 422c, 4224,
422e, 422f) cuantificadas a cero y por lo menos un segundo nimero predeterminado
(4) de lineas espectrales vecinas de frecuencia mas alta (422f, 422g, 422h, 422i:
4229, 422h, 422i, 422j; 422h, 422i, 422j, 422k) cuantificadas a cero, como regiones
espectrales identificadas:

en donde el primer nimero predeterminado (4) es mayor o igual que 1, y
en donde el segundo numero predeterminado (4) es mayor o igual que 1; y

en donde el identificador de region espectral (520) esta configurado para
considerar selectivamente errores de cuantificacién de las regiones espectrales
identificadas (i) para un calculo del parametro de relleno de ruido mientras que deja
fas lineas espectrales (420a, 420b, 420c, 420d) cuantificadas a un valor no cero y Ia
linea espectral (422a, 422b, 422c, 422d, 422h, 422i, 422, 422k) cuantificadas a cero,
pero que no tienen el primer nimero predeterminado (4) de lineas espectrales
vecinas de frecuencia inferior cuantificadas a cero, o el segundo numero

predeterminado (4) de lineas espectrales vecinas de frecuencia mas alta

et}
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cuantificadas a cero fuera de consideracion para el calculo del parametro de relleno
de ruido.

9. El calculador de parametro de relleno de ruido (500) de acuerdo con
una de las reivindicaciones 7 a 8, en donde e| calculador de valor de ruido (530) esta
configurado para considerar una energia real (energy(x()))) del error de
cuantificacion de las regiones espectrales identificadas (i) para el célculo del
parametro de relleno de ruido (512, nf, nf_index).

10. El calculador de parametro de relleno de ruido (500) de acuerdo con
una de las reivindicaciones 7 a 9, en donde el calculador de valor de ruido (530) esta
configurado para enfatizar una energia de error de cuantificacién no tonal (energia
(x(i)))) distribuida sobre una pluralidad de regiones espectrales identificadas en
relacion a una energia de error de cuantificacion tonal concentrada en una sola
region espectral o en una pluralidad de lineas espectrales contiguas.

11. Ei calculador de parametro de relleno de ruido (500) de acuerdo con
una de las reivindicaciones 7 a 10, en donde el calculador de valor de ruido (630)
estd configurado para calcular una suma de energias de error de cuantificacion
logaritmizadas (log10(energy(x(i)))) de regiones espectrales identificadas (i), para
obtener el parametro de relleno de ruido (512, nf, nf_index).

12. Una representacién de sefial de audio codificada 900 que representa
una senal de audio, la representacidn de sefial de audio codificada que comprende:

una representacion de dominio espectral cuantificada codificada de la
sefal de audio; y

un parametro de relleno de ruido codificado;

en donde el parametro de relleno de ruido representa un error de
cuantificacion de regiones espectrales de la representacion de dominio espectral
cuantificada a cero y espaciada de regiones espectrales de la representacion de
dominio espectral cuantificada a un valor no cero, por al menos una region espectral
intermedia.

13. Un método (700) para proveer una representacion espectral rellenada
con rudo de una sefal de audio sobre la base de una representacion espectral de

entrada de la sefial de audio, el método que comprende:
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identificar (710) regiones espectrales de la representacion espectral de

entrada espaciadas de regiones espectrales no nulas de la representacion espectral
de entrada por al menos una regién espectral intermedia, para obtener regiones
espectrales identificadas; e

introducir selectivamente (720) ruido dentro de las regiones espectrales
identificadas para obtener la representacion espectral rellenada con ruido de la sefial
de audio.

14. Un método (800) para proveer un parametro de relleno de ruido sobre
la base de una representacién espectral cuantificada de una sefial de audio, el
método que comprende:

Identificar (810) regiones espectrales de representacion espectral
cuantificada espaciadas de regiones espectrales no nulas de representacion
espectral cuantificada por al menos una region espectral intermedia para obtener
regiones espectrales identificadas; y

considerar selectivamente (820) errores de cuantificacion de las regiones
espectrales identificadas para un calculo del parametro de relleno de ruido.

15. Un programa de computadora para realizar el método de acuerdo con
la Reivindicacién 13 o la Reivindicacién 14, cuando el programa de computadora

corre en una computadora.
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RESUMEN

Un rellenador de ruido para proveer una representacion espectral
rellenada con ruido de una sefial de audio sobre la base de una representacion
espectral de entrada de la sefial de audio comprende un identificador de region
espectral configurado para identificar regiones de la representacion espectral de
entrada espaciadas de regiones espectrales no nulas de la representacion espectral
de entrada por al menos una regién espectral intermedia, para obtener regicnes
espectrales identificadas, y un insertador de ruido configurado para introducir
selectivamente ruido dentro las regiones espectrales identificadas para obtener la
representacion espectral rellena con ruido de la sefal de audio. Un calculador de
parametro de relleno de ruido para proveer un parametro de relleno de ruido sobre la
base de una representacion espectral cuantificada de una sefial de audio comprende
un identificador de regién espectral, como se menciona arriba, y un calculador de
vaior de ruido configurado para considerar selectivamente errores de cuantificacion
de las regiones espectrales identificadas para un calculo del parametro de relleno de
ruido. Consiguientemente, se puede obtener una representacion de sefial de audio

codificada que representa la sefal de audio.
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T PSELDO CODIGD DEL RELLENG DE RUGO EN EL LAGO DEL DECODIFICADOR
/W DETEGTAR REGIONES

R= {1
MinimalRuntength = 8
I For{all lines in lhe second hall of the spectsa)

e}

KHIRY For (i from line index - {MinimaiRunLengthy/2 to line
L index + (MinmalRuntength)/2)
1 F=F +quantizedixi:
; End for
l HE==0
% R = {R. line index}:
: End il
L End for

390 _;‘ % DECODIFICAR EL PISO DE RUIDO

Yo

o decoded = 0.0625”(B-index);

7 % RELLENAR CON RUIDG

I FordaliiinR)

i x{i) = random (-1,+1)"nf_decoded;
. Ead for

3 Fil DE SSEUDC CODIGO DEL RELLENO DE RUIDG EN EL LADG DEL DECODFICADOR

FIG 3
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% DETECTAR REGIOMES
R={]
MinimalRunlength = &
Far {all lines in the second half of the spaclra)

F={

For (i from line index ~ (MinimatRunLength)/2 to ling
index + (MinimalRunlengthy 2y

E=E -+ quantized(x(i));

; Frd 1or
} if f==0
R = {R.iine index):
! End if
\_ End for
/% CALCULAR EL P.SO OF RUIDO
nf = 0
N0
626 < ToralliinR)
af = k4 fog (energy(x(Y:
i HENE
\ End for

530

4 ¥ CUANTIFICAR nF
\ index=rmax(0, min (7, int (8-18pawer (10, {nf/ (2* 0}
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NO CERQ DE LA REPRESENTACION ESPECTRAL CUANTIFICADA
810 -~ POR AL MENOS LNA REGIIN ESPECTRAL INTERMEDIA, FARA
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Y
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FH09...PCT 2 (879)

NOISE FILLER, NOISE FILLING PARAMETER CALC ULATOR, METHOD FOR
PROVIDING A NOISE FILLING PARAMETER, METHOD FOR PROVIDING A
NOISE-FILLED SPECTRAL REPRESENTATION OF AN AUDIO SIGNAL,
CORRESPONDING COMPUTER PROGRAM AND ENCODED AUDIO SIGNAL

Description

Background of the Invention

Embodiments according to the invention are related to a noise filler for providing a noise-
filled spectral representation of an audio signal on the basis of an input spectral representation
of the audio signal, to a noise filling parameter calculator for providing a noise filling
parameter on the basis of a quantized spectral representation of an audio signal, to an encoded
audio signal representation representing an audio signal, to a method for providing a noise
filled spectral representation of an audio signal, to a method for providing a noise filling
parameter on the basis of a quantized spectral representation of an audio signal, and to
computer programs for implementing said methods.

In the following, some scenarios will be described in which embodiments according to the
invention can be applied with advantage. Many frequency domain audio signal encoders are
based on the idea that some frequency regions or spectral regions (e.g. frequency lines or
spectral lines provided by a time-domain to frequency-domain conversion), are more
important that other spectral regions. Accordingly, spectral regions of high psychoacoustic
relevance are typically encoded with higher accuracy than spectral regions of lower
psychoacoustic relevance. The psychoacoustic relevance of the different spectral regions may,
for example, be calculated using a psychoacoustic model which takes into account the
masking of weaker spectral regions by adjacent strong spectral peaks.

If there is a desire to reduce the bitrate of an encoded audio signal down towards a low level,
some spectral regions are quantized with a very low accuracy (e.g. only one bit accuracy, or
two bit accuracy). Accordingly, many of the spectral regions quantized with low accuracy arc
quantized to zero. Thus, at low bitrates transform-based audio coders are prone to different
artifacts and especially to artifacts originating from the zero-quantized frequency lines. Indeed,
coarse quantization of spectral values in low bitrate audio coding might lead to very sparse
spectra after inverse quantization, as many spectral lines might have been quantized to zero.
These frequency holes in the reconstructed signal produce undesirable sound artifacts. It can
make the reproduced sound too sharp or instable (birdies) when the frequency holes in the
spectra move from frame to frame.

Noise filling is a means to mask these artefacts by filling, at the decoder side, the zero-
quantized coefticients or bands with a random noise. The energy of the inserted noise is a

parameter computed and transmitted by the encoder,
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Different concepts of noise filling are known. For example, the so-called AMR-WR+
combines noise filling and a Discrete Fourier Transform (DFT), as described for example in
reference [1]. In addition, the International Standard ITU-T G.729.1 defines a concept which

combines noise filling and modified discrete cosine transform (MDCT). Details are described
in reference [2].

Further aspects regarding the noise filling are described in the International patent application
PCT/IB2002/001388 by Koninklijke Philips Electronics N.V. (see reference [3]).

Nevertheless, the conventional noise filling concepts result in audible distortions.

In view of this discussion, there is a desire to create a concept of noise filting which provides
for an improved hearing impression.

Summary of the Invention

An embodiment according to the invention creates a noise filler for providing a noise-filled
spectral representation of an audio signal on the basis of an input spectral representation of the
audio signal. The noise filler comprises a spectral region identifier configured to identify
spectral regions (e.g. spectral lines, or spectral bins) of the input spectral representation spaced
from non-zero spectral regions (e.g. spectral lines or spectral bins) of the input spectral
representation by at least one intermediate spectral region, to obtain identified spectral regions.
The noise filler also comprises a noise inserter configured to selectively introduce noise into
the identified spectral regions (e.g. spectral lines or spectral bins) to obtain the noise-filled
spectral representation of the audio signal.

This embodiment of the present invention is based on the finding that tonal components of the
spectral representation of an audio signal are typically degraded, in terms of the hearing
impression, if a noise filling is applied in the immediate neighborhood of such tonal
components. Accordingly, it has been found that an improved hearing impression of a noise-
filled audio signal can be obtained if the noise filling is only applied to spectral regions which
are spaced away from such tonal, non-zero spectral regions. Accordingly, the tonal
components of the audio signal spectrum (which are not quantized to zero in the quantized
spectral representation input to the noise filler) remain audible (i.e. do not become smeared
with closely adjacent noise), while the presence of large spectral holes is still efficiently
avoided.

In a preferred embodiment, the spectral region identifier is configured to identify spectral lines
of the input spectral representation, which are quantized to zero and which comprise at least a
first predetermined number of lower frequency neighbor spectral lines quantized to zero and at
least a second predetermined number of higher frequency neighbor spectral line quantized to
zero, as identified spectral regions, wherein the first predetermined number is greater than or
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equal to one and wherein the second predetermined number is greater than or equal to one. In

this embodiment, the noise inserter is configured to selectively introduce noise into the
identified spectral lines while leaving spectral lines quantized to a non-zero value and spectral
lines quantized to zero, but not having the first predetermined number of lower frequency
neighbor spectral lines quantized to zero, or the second predetermined number of higher
frequency neighbor spectral lines quantized to zero unaffected by the noise filling. Thus, the
noise filling is selective in that noise is introduced only into spectral lines which are quantized
to zero and which are spaced from lines quantized to a non-zero value, both in an upward
spectral direction and a downward spectral direction, for example by the first predetermined
number of lower frequency neighbor spectral lines quantized to zero and by the second
predetermined number of higher frequency neighbor spectral lines quantized to zero.

In a preferred embodiment, the first predetermined number is equal to the second
predetermined number, such that a minimum spacing in the upward frequency direction from
lines quantized to a non-zero value is equal to a minimum spacing in the downward frequency
direction from lines quantized to a non-zero value.

In a preferred embodiment, the noise filler is configured to introduce noise only into spectral
regions in an upper portion of the spectral representation of the audio signal, while leaving a
lower portion of the spectral representation of the audio signal unaffected by the noise filling.
Such a concept is useful as usually the higher frequencies are less perceptually important than
the low frequencies. The zero quantized values also mostly occur in the second half of the
spectra (i.e. for high frequencies). Also adding noise in the high frequencies is less prone to
get a final noisy sound restitution.

In a preferred embodiment, the spectral region identifier is configured to sum quantized
intensity values (e.g. energy values or amplitude values) of spectral regions in a predetermined
double-sided spectral neighborhood of a given spectral region (i.e. a spectral neighborhood
extending towards both lower and higher frequencies), to obtain a sum value, and to evaluate
the sum value to decide whether the given spectral region is an identified spectral region or
not. It has been found that a sum value of energies of a quantized spectrum over a double-
sided spectral neighborhood of a given spectral region is a meaningful quantity to decide
whether noise filling should be applied to the given spectral region.

In another preferred embodiment, the spectral region identifier is configured to scan a range of
spectral regions of the input spectral representation to detect contiguous sequences of spectral
regions quantized to zero, and to recognize one or more central spectral regions (i.e. non-
boundary spectral regions) of such detected contiguous sequences as identified spectral

regions.

It has been found that a detection of a certain “run-length” of spectral regions quantized to
zero, 1s a task which can be implemented with particularly low computational complexity. In
order to identify such a contiguous sequence of spectral regions, it is possible to decide
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whether all of the spectral regions within this sequence of spectral regions are quantized to

zero, which can be performed using a relatively simple algorithm or circuit, If it is found that

such a contiguous sequence of spectral regions is quantized to zero, one or more of the inner
spectral regions of the sequence (which are spaced far enough from spectral regions outside of
the present sequence of spectral regions) are treated as identified spectral regions. Thus, by
scanning through a range of spectral regions (e.g. by subsequently selecting different shifted
sequences of spectral regions), an efficient analysis of the spectral representation can be made,
to identify spectral regions quantized to zero and spaced from spectral regions quantized to a
non-zero value by a predetermined minimum distance.

Another embodiment according to the invention creates a noise filling parameter calculator for
providing a noise filling parameter on the basis of a quantized spectral representation of an
audio signal. The noise filling parameter calculator comprises a spectral region identifier
configured to identify spectral regions of the quantized spectral representation spaced from
non-zero spectral regions of the quantized spectral representation by at least one intermediate
spectral region, to obtain identified spectral regions. The noise filling parameter calculator also
comprises a noise value calculator configured to selectively consider quantization errors of the
identified spectral regions for a calculation of the noise filling parameter. The noise filling
parameter calculator is based on the key idea that it is desirable to restrict a decoder-sided
noise filling to spectral regions which are spaced from tonal spectral regions (quantized to a
non-zero value), and that consequently the noise parameter should be calculated at the encoder
side, taking this concept into consideration. Accordingly, a noise filling parameter is obtained
which is particularly well-suited to the above-described decoder concept. It has also been
found that spectral regions, which are quantized to zero, but which are very close to spectral
regions quantized to a non-zero value, often do not reflect a truly noise-like audio content, but
rather are strongly correlated with the adjacent tonal (quantized to a non-zero value) spectral
region. Accordingly, it has been found that it is generally not desirable to consider the
quantization error of spectral regions, which are nearby spectral regions quantized to a non-
zero value for a calculation of a noise filling parameter, because this would typically result in
a strong over-estimation of the noise, thereby resulting in a too noisy reconstructed spectral
representation.

Thus, the noise filling parameter calculation concept described herein is usable in combination
with the above-described noise filling concept and even in combination with conventional
noise filling concepts.

In preferred embodiments, the concept for the identification of spectral regions, which has
been discussed with respect to the noise filler, can also be applied in combination with the
noise filling parameter calculator.

In a further preferred embodiment, the noise value calculator is configured to consider an
actual energy of the quantization error of the identified spectral regions for the calculation of

the noise filling parameter. It has been found that the consideration of an actual quantization
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error {rather than an estimated quantization error or an average quantization error) typically
brings along improved results, because the actual quantization error typically deviates from
the statisticalty expected quantization error.

In a further preferred embodiment, the noise value calculator is configured to emphasize a
non-tonal quantization error energy distributed over a plurality of identified spectral regions in
relation to a tonal quantization error energy concentrated in a single spectral region. This
concept is based on the finding that a non-tonal wideband noise, an average energy of which
lies below a quantization threshold and which is therefore quantized to zero, is perceptually
much more relevant for the noise filler than a single tonal audio component, an intensity of
which lies below the quantization threshold, even if the non-tonal wideband noise quantized to
zero and the tonal component quantized to zero were both quantized to zero. The reason is that
the noise filler by generating a random noise at the decoder can model missing non-tonal
wideband noise in the quantized spectral representation but not missing tonal components.
Thus, an emphasis of non-tonal noise components quantized to zero over tonal components
quantized to zero, brings along a more realistic sound reconstruction. This is also due to the
fact that a human hearing impression is degraded much more by the presence of a spectral hole
(e.g. in the form of the absence of a wideband noise quantized to zero) than by the absence of
a small spectral peak quantized to zero. A tonal component may be concentrated in a single
spectral line, or may be spread over several spectral contiguous lines (for example i-1, 1,i+1).
A spectral region may, for example, comprise one or more spectral lines.

In a preferred embodiment, the noise value calculator is configured to calculate a sum of
logarithmized quantization error energies of the identified spectral regions to obtain the noise
filling parameter. By calculating the sum of logarithmized quantization error energies of the
identified spectral regions, the above-described relative emphasis of non-tonal spectral regions

quantized to zero over tonal regions quantized to zero, can be obtained in an efficient manner.

Another embodiment according to the invention creates an encoded audio signal
representation, for representing an audio signal. The encoded audio signal representation
comprises an encoded quantized spectral domain representation of the audio signal and an
encoded noise filling parameter. The noise filling parameter represents a quantization error of
the spectral regions of the spectral domain representation quantized to zero and spaced from
spectral regions of the spectral domain representation quantized to a non-zero value by at least
a predetermined number of intermediate spectral regions. The above-described encoded audio
signal representation is useable by the noise filler discussed above and can be obtained using
the noise filling parameter calculator discussed above. The encoded audio signal
representation allows for a reconstruction of the audio signal with particularly good audio
quality because the noise filling parameter selectively reflects the quantization error of the
quantized spectral domain representation for such spectral regions in which a meaningful
noise information is present and which should be selectively considered for a noise-filling at
the decoder side.
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Another embodiment according to the invention creates a method for providing a noise filled
representation of an audio signal.

Yet another embodiment according to the invention creates a method for providing a noise
filling parameter on the basis of a quantized spectral representation of an audio signal.

Yet another embodiment according to the invention creates a computer program for
implementing the abovementioned methods.

Brief Description of the Figures

Embodiments according to the invention will subsequently be described, taking reference to
the enclosed figures, in which:

Fig. 1 shows a block schematic diagram of a noise filler, according to an embodiment of the
invention;

Fig. 2 shows a block schematic diagram of an audio signal decoder comprising the noise filler
according to the present invention;

Fig. 3 shows a pseudo program code for implementing the functionality of the noise filler of
Fig. 1;

Fig. 4 shows a graphical representation of an identification of spectral regions, which may be
performed in the noise filler according to Fig. 1:

Fig. 5 shows a block schematic diagram of a noise filling parameter calculator according to an
embodiment of the invention;

Fig. 6 shows a pseudo program code for implementing the functionality of the noise filling
parameter calculator according to Fig. 5;

Fig. 7 shows a flow chart of a method for providing a notse filled spectral representation of an

audio signal on the basis of an input spectral representation of the audio signal;

Fig. 8 shows a flow chart of a method for providing a noised filling parameter on the basis of a
quantized spectral representation of an audio signal; and

Fig. 9 shows a graphical representation of an audjo signal representation, according to an
embodiment of the invention.

Noise filler according to Figs. 1-4

22
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Fig. 1 shows a block schematic diagram of a noise filler 100, according to an embodiment of
the invention. The noise filler 100 is configured to receive an input spectral representation 110
of an audio signal, for example in the form of decoded spectral coefficients (which may for
example be quantized or inversely quantized). The noise filler 100 is also configured to
provide a noise filled spectral representation 112 of the audio signal on the basis of the input
spectral representation 110,

The noise filler 100 comprises a spectral region identifier 120, which is configured to identify
spectral regions of the input spectral representation 110 spaced from non-zero spectral regions
of the input spectral representation 110 by at least one intermediate spectral region, to obtain
an information 122 indicating the identified spectral regions. The noise filler 100 also
comprises a noise inserter 130, which is configured to selectively introduce noise into the
identified spectral regions (described by the information 122), to obtain the noise filled
spectral representation 112 of the audio signal.

Regarding the functionality of the noise filler 100, it can generally be said that the noise filler

160 selectively fills spectral regions (e.g. spectral lines or spectral bins) of the input spectral
representation 110 with noise, for example by replacing spectral values of spectral lines
quantized to zero with replacement spectral values describing a noise. In this manner, spectral
holes or spectral gaps within the input spectral representation 110 can be filled, which may for
example arise from a coarse quantization of the input spectral representation 110. However,
the noise filler 100 does not introduce noise into all of the spectral lines quantized to zero (i.e.
spectral lines, the spectral values of which are quantized to zero). Rather, the noise filler 100
only introduces noise into such spectral lines quantized to zero, which comprise a sufficient
distance from any spectral lines quantized to a non-zero value. in this manner, the noise filling
does not entirely fill spectral holes or spectral gaps, but maintains a spectral distance of at least
one spectral region (or of at least any other predetermined number of spectral regions)
between those spectral lines in which a noise is introduced and spectral lines quantized to a
non-zero value. Thus, a spectral distance between filling noise, introduced into the spectral
representation, and spectral lines quantized to a non-zero value is maintained, such that the
psychoacoustically relevant spectral lines (which are not quantized to zero in the input spectral
representation of the audio signal) can be clearly distinguished (due to the spectral distance of
the predetermined number of one or more spectral regions) from the filling noise introduced
into the spectrum by the noise filler. Accordingly, the psychoacoustically most relevant audio
content (represented by non-zero spectral line values in the input spectral representation 110)
can clearly be perceived, while large spectral holes are avoided. This is due to the fact that the
noise filling is selectively omitted in the proximity of spectral lines of the input spectral
representation quantized to a non-zero value, while the noise filling is executed in the central

regions of spectral holes or spectral gaps.

In the following, an application environment for the noise filler 100 will be described taking
reference to Fig. 2. Fig. 2 shows a block schematic diagram of an audio signal decoder 200,
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according to an embodiment of the invention. The audio signal decoder 200 comprises, as a
key component, the noise filler 100. The audio signal decoder 200 also comprises a spectral
coefficient decoder 210, which is configured to receive an encoded audio signal representation
212 and to provide a decoded, an optionally inversely quantized representation 214 of spectral
coefficients of the encoded audio signal. The spectral coefficient decoder 210 may for
example comprise an entropy decoder (e.g. arithmetic decoder or run length decoder) and,
optionally, an inverse quantizer to derive the decoded representation 214 of the spectral
coefficients (e.g. in the form of inversely quantized coefficients) from the encoded audio
signal representation 212, The noise filler 100 is configured to receive the decoded
representation 214 of spectral coefficients (which is optionally inversely quantized) as the
input spectral representation 110 of the audio signal.

The audio signal decoder 200 also comprises a noise factor extractor 220, which is configured
to extract a noise factor information 222 from the encoded audio signal representation 212 and
to provide the extracted noise factor information 222 to the noise filler 100. The audio signal
decoder 200 also comprises a spectrum reshaper 230, which is configured to receive a
reconstructed spectrum representation 232 from the noise filler 100. The reconstructed
spectrum  representation 232 may for example be equal to the noise filled spectral
representation 112 provided by the noise filler. The spectrum reshaper 230, which may be
considered as optional, is configured to provide a spectrum information 234 on the basis of the
reconstructed spectrum representation 232. The audio signal decoder 200 further comprises a
spectral-domain to time-domain converter 240, which receives the spectrum representation
234 provided by the spectrum reshaper 230, or, in the absence of the spectrum reshaper 230,
the reconstructed spectrum representation 232, and to provide on the basis thereof, a time-
domain audio signal representation 242. The spectral-domain to time-domain converter 240

may for example be configured to perform an inverse modified discrete cosine transform
(IMDCT).

In a preferred embodiment, the noise filling at the decoder side comprises the following steps
(or follows the next steps):

Decode the noise floor;
Decode the quantized values of the frequency lines;
Detect the spectral regions in the selected part of the spectra where a run length of
zeros is higher than a minimal run length size; and

4. Apply a randomly generated sign to the decoded noise floor for each of the lines within
the selected regions.

The noise floor is decoded as follows:

nf_decoded = 0.0625%(8-index).
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The detected spectral regions are, for example, selected in the same manner as it is done at the
encoder side (which will be described below).

A memoryless Gaussian noise in the MDCT domain is generated by a spectrum with the same
amplitude for all lines but with random signs. So, for each of the lines within the selected
regions, the decoder generates a random sign (-1 or +1) and applies it to the decoded noise
floor. However, other methods of providing a noise contribution can be applied as well.

In the following, some details will be described taking reference to Figs. 1, 2, 3, and 4,
wherein Fig. 3 shows a pseudo program code of an algorithm for noise filling at the decoder

side, which may be performed by the noise filler 100, and wherein Fig. 4 shows a graphical
representation of the noise filling,

To start with, the decoding of the noise floor may be performed by the noise factor extractor
220, which receives, for example, a noise factor index (also briefly designated as “index™) and
to provide on the basis thercof the decoded noise factor value 222 (also designated with
“nf_decoded”). The noise factor index may for example be encoded using three or four bits,

and it may for example be an integer value in the range between 0 and 7, or an integer value in
a range between 0 and 15.

The quantized values of the frequency lines (also designated as “spectral lines” or “spectral
bins”) may be provided by the spectral coefficient decoder 210. Accordingly, quantized (or
optionally, inversely quantized) spectral line values (also designated as “spectral coefficients™)
are obtained, which are designated as “quantized (x(i))”. Here, i designates a frequency index
of the spectral line values.

Subsequently, spectral regions are detected by the noise filler 100 in a selected part of the
spectra (e.g. in an upper portion of the spectrum starting from a predetermined spectral line
frequency index i) where a run length of zeros (i.c. of quantized spectral line values quantized
to zero) is higher than a minimal run length size. The detection of such spectral regions is
performed by a first portion 310 of the algorithm 300 of F 1g. 3. As can be seen from the first
portion 310 of the algorithm 300, a set R of detected regions is initialized to be an empty set at
the beginning of the algorithm (R = {};).

Tn the example of the algorithm of Fig. 3, a minimal run length is set to a fixed value of 8, but
naturally any other value can be chosen.

Subsequently, it is determined for a plurality of spectral lines under consideration (designated
by running variable “line index””) whether each of these spectral lines under consideration
comprises a double-sided environment of spectral lines quantized to zero (and whether the
spectral line under consideration is itself quantized to zero). For example, all the lines in the
second half of the spectra may successively be considered as lines under consideration,

wherein a line which is currently under consideration is designated by a frequency index “line
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index”. For a line under consideration designated by the “line index”, a sum of quantized
spectral coefficients “quantized(x(i))” in an environment ranging from a spectral line
frequency index of “line index — (MinimalRunLength)/2” to a spectral line trequency index of
“line index + MinimalRunLength)/2” is computed. If it is found that the sum of the spectral
line values in said environment of the spectral line currently under consideration (having
spectral line frequency index “line index™) is zero, then the spectral line presently under
consideration (or, more precisely, the spectral line trequency index “line index™ thereof) is
added to the set R of detected regions (or detected spectral lines). Consequently, if a spectral
line frequency index of a spectral line is added to the set R, this means that the spectral lines
having line indices between “line index — MinimalRunLength)/2” and “line index +

MinimalRunLength)/2” all comprise spectral line values quantized to zero.

Accordingly, in the first portion 310 of the pseudo program code 310, a set R of spectral line
frequency indices “line index” is obtained, which enumerates those (and only those) spectral
lines of the spectral portion under consideration which are spaced “sufficiently” (i.e. by at

least MinimalRunLength/2 lines) from any spectral lines quantized to a non-zero value.

The detection of such region is illustrated in Fig. 4, which shows a graphical representation
400 of a spectrum. An abscissa 410 describes a frequency of spectral lines in terms of a
spectral line frequency index “line index”. An ordinate 412 describes an intensity (e.g.
amplitude or energy) of the spectral lines. As can be seen, the portion of the spectrum
illustrated in the graphical representation 400 comprises four spectral lines 420a, 420b, 420c,
and 420d, quantized to a non-zero value. Further, between the spectral lines 420¢ and 420d,
there are 11 spectral lines 422a-422k quantized to zero. Further, it is assumed that a spectral
line is only considered to be spaced sufficiently from a spectral line quantized to a non-zero
value if there are at least four spectral lines quantized to zero between the spectral line
presently under consideration and any other spectral line quantized to a non-zero value (and
naturally, if the spectral line presently under consideration is itself quantized to zero).
However, when considering the spectral line 422a, it will be found that the spectral line 422a
is immediately adjacent to the spectral line 422¢, which is not quantized to zero, such that the
spectral line frequency index of the spectral line 422a will not be part of the set R computed
according to the first part 310 of the algorithm 300. Similarly, it will be found that the spectral
lines 422b, 422¢, and 4224 are not spaced far enough from any spectral lines quantized to a
non-zero value, such that the spectral line frequency indices of the spectral lines 422b to 422d
will also not be part of the set R. In contrast it will be recognized that spectral line 422¢ is
spaced far enough from any spectral lines quantized to a non-zero value, because the spectral
line 422e is a center line (or, more generally, a central line), of a sequence of 9 contiguous
spectral lines all quantized to zero. Accordingly, a spectral line frequency index of the spectral
line 422¢ will be part of the set R computed in the first portion 310 of the algorithm 300. The
same also holds for the spectral lines 422f and 422g, such that the spectral line frequency
indices of the spectral lines 422f and 422g will be part of the set R determined in the first
portion 310 of the algorithm 300, as the spectral lines 422f, 422g are spaced far enough from
any lower-frequency spectral lines 420a, 420b, and 420c, quantized to a non-zero value and
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from any higher frequency spectral lines quantized to a non-zero value. On the other hand, the
spectral lines 422h, 422i, 422j, and 422k will not be part of the set R, because said spectral

lines are located too closely, in terms of frequency, besides the spectral line 420d quantized to
a non-zero value.

Accordingly, the set R will not comprise spectral line frequency indices of the spectral lines
420a, 420b, 420c¢, 420d, because said spectral lines are quantized to a non-zero value. In
addition, spectral line frequency indices of spectral lines 422a, 422b, 422¢, 4224, 422h, 4224,
422j, and 422k, will not be part of the set R, because said spectral lines are located too closely
beside the spectral lines 420a, 420b, 420c, and 420d. In contrast, spectral line frequency
indices of spectral lines 422e, 422f, 422g, will be included in the set R, because said spectral

lines are themselves quantized to zero and spaced far enough from any adjacent non-zero
spectral lines.

The algorithm 300 also comprises a second portion 320 of decoding the noise floor, wherein a
noise value index (“index™ in the program code portion 320) is converted into a decoded noise
figure value (“nf_decoded” in the program code 300).

The program code 300 also comprises a third portion 330 of filling the identified spectral
lines, i.e. spectral lines the spectral line frequency indices i of which are in the set R, with
noise. For this purpose, the spectral values of the identified spectral lines (designated for
example, with x(i), wherein running variable i subsequently takes all spectral line frequency
indices included in the set R) are set to noise filling values. The noise filling values are for
example obtained by multiplying the decoded noise filling value (nf decoded) with a random
number or pseudo random number (designated with “random(-1, +1)”), wherein the random or
pseudo random number may for example randomly or pseudo-randomly take the numbers -1
and +1. However, different provision of a random or pseudo random noise is naturally
possible.

The noise filling is also illustrated in Fig. 4. As can be seen in F ig. 4, the zero spectral values

of the spectral lines 422¢, 422f, and 422g are replaced by noise filling values (illustrated by
dotted lines in Fig. 4).

Noise filling parameter calculator according to Figs. 5 and 6

Fig. 5 shows a block schematic diagram of a noise filling parameter calculator 500. The noise
filling parameter calculator is configured to obtain a quantized spectral representation 510 of
an audio signal and to provide, on the basis thereof, a noise filling parameter 512. The noise
filling parameter calculator 500 comprises a spectral region identifier 520, which is configured
to receive the quantized spectral representation 510 of the audio signal and to identify spectral
regions (e.g. spectral lines) of the quantized spectral representation 510 spaced from non-zero

spectral regions of the quantized spectral representation 510 by at least one intermediate
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spectral region (e.g. spectral line), to obtain an information 522 describing identified spectral
regions (e.g. identified spectral lines). The noise filling parameter calculator 500 further
comprises a noise value calculator 530 configured to receive a quantization error information
532 and to provide the noise filling parameter 512, For this purpose, the noise value calculator
is configured to selectively consider quantization errors of the identified spectral regions,
described by the information 522, for a calculation of the noise filling parameter 512.

The quantization error information 532 may for example be identical to an energy information
(or intensity information) describing energies (or intensities) of those spectral lines which are
quantized to zero in the quantized spectral representation 510,

The noise filling parameter calculator 500 may optionally comprise a quantizer 540, which is
configured to receive a non-quantized speciral representation 542 of an audio signal and to
provide the quantized spectral representation 510 of the audio signal. The quantizer 540 may
have an adjustable quantization resolution, which may for example be individually adjustable
per spectral line, or per spectral band (e.g. in dependence on a psychoacoustic relevance of the
spectral lines or spectral bands, obtained using a psychoacoustic model). The functionality of
the variable-resolution quantizer may be equal to the functionality described in the
International Standards ISO/IEC 13818-7 and ISO/IEC 14496-3. In particular, the quantizer
540 may be adjusted such that there are spectral gaps or spectral holes in the quantized

spectral representation 510 of the audio signal, i.e. contiguous regions of adjacent spectral
lines quantized to zero.

Moreover, the non-quantized spectral representation 542 may serve as the quantization error
information 532, or the quantization error information 532 may be derived from the non-
quantized spectral representation 542.

In the following, the functionality of the noise filling parameter computation, which may be
performed by the noise filling parameter calculator 500 will be described in detail. In the noise
filling parameter computation at the encoder side, the noise filling is preferably applied in the
quantization domain. In this manner, the introduced noise is shaped afterwards by the
psychoacoustic relevant inverse filter. The energy of the noise introduced by the decoder is
calculated and encoded at the encoder side following the next steps:

Get the quantized values of the frequency lines;
Select only a part of the spectra;

3. Detect the spectral regions in the selected part of the spectra where a run length of
zeros is higher than a minimal run length size;

4. Calculate the geometric mean of the quantization error over the previously detected
regions; and

5. Quantize uniformly the geometric mean with 3 bits.
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Regarding the first step, the quantized values of the frequency lines may be obtained using the
quantizer 540. The quantized values of the frequency lines are therefore represented by the
quantized spectral representation 510,

Regarding the second step, which may be considered as optional, it should be noted that the
computation of the noise filling is preferably performed on the basis of a high frequency
portion of the spectra. In a preferred embodiment, the energy of the noise (called noise floor)
is calculated only on the second half of the spectra, i.e. for the high frequencies (but not for the
lower frequencies). Indeed, usually the high frequencies (upper part of the spectrum) are less
perceptually important than the low frequencies, and the zero-quantized values occur mostly
in the second half of the spectra. Furthermore, adding in the noise in the high frequencies is
less prone to obtain a final noisy sound restitution.

Regarding the third step, by restricting the noise filling on the spectral regions where a run
length of zero-quantized values occurs, it is avoided that the noise filling affects the non-
zeroed values too much. In this manner, the noise filling is not applied in the neighborhood of
the non-zeroed values, and the original tonality of these lines is the then better preserved. The
minimal run length size is fixed to § in a preferred embodiment. This means that the 8 lines
surrounding a non-zeroed value are not affected by the noise filling (and are consequently not
considered for the calculation of a noise value).

Regarding the fourth step, the quantization error in the quantized domain are in the range |-
0.5; 0.5], and is assumed to be uniformly distributed. The energy of quantization errors of the
detected regions is average in the logarithmic domain (1.e. geometric mean). The noise floor,
nf, is then calculated as follows:

nf = power(10, sum(logl O(E(x(i))))/(2*n)).

In the above, sum() is the sum of the logarithmic energies, logl O(E()), of the individual lines
x(i) within the detected regions, and n the number of lines within these regions. The noise
floor, nf, is between 0 and 0.5. Such a calculation permits to take the original spectral flatness
of the zeroed values into account, and then get information about their tonality/noisiness
characteristics.

If the zeroed values are very tonal, the noise floor (computer in the apparatus 500) will go
toward zero, and a low noise floor will be added at the decoder (e.g. at the decoder 100, 200
described above). If the zeroed values are really noisy, the noise floor will be high, and the
noise filling can be seen as a highly parametric coding of the zeroed spectral lines, like PNS
(Perceptual Noise Substitution) (see also reference [4]).

Regarding the fifth step, the quantization index (“index”) of the noise floor is then calculated
as follows:

i
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index=max(0,min(7, int(8-1 6*nf))).
The index is transmitted, for exampie, on 3 bits.

In the following, the algorithm for computing the noise filling parameter will be described
taking reference to Fig. 6, which shows a pseudo program code 600 of such an algorithm for
obtaining the noise filling parameter, according to an embodiment of the invention. The
algorithm 600 comprises a first portion 610 of detecting regions which should be considered
for the computation of the noise filling parameter. Identified regions (e.g. spectral lines) are
described by the set R, which may for example comprise spectral line frequency indices (“line
index”) of identified spectral lines. Spectral lines may be identified, which are themselves

quantized to zero and which are further spaced, far enough, from any other spectral lines
quantized to a non-zero value.

The first portion 610 of the program 600 may be identical to the first portion 310 of the
program 300. Accordingly, the quantized spectral representation (“quantized (x(1))”) used in
the algorithm 600 may for example be identical to the quantized spectral representation
(“quantized x(i))") used in the algorithm 300 at the decoder side. In other words, the quantized
spectral representation used at the encoder side may be transmitted, in an encoded form, to the
decoder in a transmission system comprising an encoder and a decoder.

The algorithm 600 comprises a second portion 620 of computing the noise floor. In the
computation of the noise floor, only those spectral regions (or spectral lines) described by the
set R computed in the first portion 610 of the algorithm 600 are considered. As can be seen,
the noise filling value nf is first initialized to zero. The number of considered spectral lines (1)
18 also first initialized to zero. Subsequently, the energies of all the spectral lines, line indices
of which are included in the set R, are summed up, wherein the energies of the spectral lines
are logarithmized before the summing. For example, a logarithm to the base of 10 (logl0) of
the energies (E(x(i))) of the spectral lines may be summed. It should be noted here that the
actual energy of the spectral lines before quantization (designated with “E or energy (x(i1))”) is
summed up in logarithmized form. The number of spectral lines considered is also counted.
Thus, after the execution of the second portion 620 of the algorithm 600, the variable nf
indicates a logarithmic sum of energies of the identified spectral lines before quantization, and
the variable n describes the number of identified spectral lines.

Algorithm 600 also comprises a third portion 630 of quantizing the value nf, i.e. the

logarithmic sum of the identified spectral lines. A mapping equation as described above or as
shown in Fig. 6 may be used.

Method according to Fig, 7
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Fig. 7 shows a flow chart of a method for providing a noise-filled spectral representation of an
audio signal on the basis of an input spectral representation of the audio signal. The method
700 of Fig. 7 comprises a step 710 of identifying spectral regions of an input spectral
representation of an audio signal spaced from non-zero spectral regions of the input spectral
representation by at least one intermediate spectral region, to obtain identified spectral regions.
The method 700 also comprises a step 720 of selectively introducing noise into the identified
spectral regions, to obtain a noise-filled spectral representation of the audio signal.

The method 700 may be supplemented by any of the features and functionalities described
herein with reference to the inventive noise filler.

Method according to Fig. 8

Fig. 8 shows a flowchart of a method for providing a noise filling parameter on the basis of a
quantized spectral representation of an audio signal. The method 800 comprises a step 810 of
identifying spectral regions of the quantized spectral representation of an audio signal spaced
from non-zero spectral regions of the quantized spectral representation by at least one
intermediate spectral region, to obtain identified spectral regions. The method 800 also
comprises a step 820 of selectively considering quantization errors of the identified spectral
regions for a calculation of the filling parameter.

The method 800 can be supplemented by any of the features and functionalities described
herein with respect to the noise filling parameter calculator.

Audio signal representation according to Fig. 9

Fig. 9 shows a graphical representation of an audio signal representation, according to an
embodiment of the invention. The audio signal representation 900 may for example form the
basis for the input spectral representation 110. The audio signal representation 900 may also
take over the functionality of the encoded audio signal representation 212. The audio signal
representation 900 may be obtained using the noise filling parameter calculator 500, wherein
the audio signal representation 900 may for example comprise the quantized spectral
representation 510 of the audio signal and the noise filling parameter 512, for example, both in
encoded form.

In other words, the encoded audio signal representation 900 may represent an audio signal.
The encoded audio signal representation 900 comprises an encoded quantized spectral domain
representation of the audio signal and also an encoded noise filling parameter. The noise
filling parameter represents a quantization error of spectral regions of the spectral domain

representation quantized to zero and spaced from spectral regions of the spectral domain

representation quantized to a non-zero value by at least one intermediate spectral region.
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Naturally, the audio signal representation 900 may be supplemented by any of the information
described above.

Implementation Alternatives

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in software. The implementation can be performed using a digital
storage medium, for example a floppy disk, a DVD, a CD, a ROM,

a PROM, an EPROM, an EEPROM or a FLASH memory, having electronically readable
control Signals stored thercon, which cooperate (or are capable of cooperating) with a
programmable computer System such that the respective method is performed.

Some embodiments according to the invention comprise a data carrier having electronically
readable control signals, which are capable of cooperating with a programmable computer
system, such that one of the methods described herein is performed.

Generally, embodiments of the present invention can be implemented as a computer program
product with a program code, the program code being operative for performing one of the
methods when the computer program product runs on a computer.

The program code may for example be stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the methods
described herein, stored on a machine readable carrier.

In other words, an embodiment of the inventive method is, therefore, a computer program

having a program code for performing one of the methods described herein, when the
computer program runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital storage
medium) comprising the computer program for performing one of the methods described
herein,

A further embodiment of the inventive method is, therefore, a data stream or a sequence of
signals representing the computer program for performing on of the methods described herein.
The data stream or the sequence of signals may for example be configured to be transferred
via a data communication connection, for example via the Internet.

A further embodiment comprises a processing means, for example a computer, or a
programmable logic device, configured to or adapted to perform one of the methods described

herein.
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A further embodiment comprises a computer having installed thereon the computer program
for performing one of the methods described herein.

In some embodiments, a programmable logic device (for cxample a field programmable gate
array) may be used to perform some or all of the functionalities of the methods described
herein. In some embodiments, a field programmable gate array may cooperate with a
microprocessor in order to perform one of the methods described herein.

Conclusion

To summarize the above, the present invention enhances the audio coding tool “noise filling”
by considering the input signal and the decoded signal characteristics when both computing
the noise filling parameters at the encoder side, and applying the noise at the decoder side. In
an embodiment of the invention, the tonality/noisiness of the zero-quantized spectral lines is
estimated and is used for the noise floor estimation. This noise floor is then transmitted to the
decoder which applies the noise filling to the zero-quantized values occurring is specific

regions of the spectra. These regions are selected based on the characteristics of the decoded
spectra.

Regarding the context of the invention, it can be noted that the invention was applied to a
transform-based coding which uses a scalar quantization on MDCT. The MDCT coefficients
are previously normalized by a curve calculated based on perceptual clues. The curve is
deduced from a previous LPC (Linear Prediction Coding) analysis stage by weighting the LPC
coefficients, as it is done in the TCX mode of AMR-WB+ (see reference [1]). From the
weighted coefficients, a perceptual weighting filter is designed and applied before the MDCT.
The inverse filter is also applied at the decoder side after the inverse MDCT. This inverse

perceptual weighting filter shapes the quantization noises in a way that it minimizes or masks
the perceived noise.

In embodiments according to the invention, the disadvantages of the prior art are overcome.
The noise filling is conventionally applied in a systematic manner on the zero-quantized
values considering only a spectral envelope-based threshold, a masking threshold, or an
energy threshold. The prior art considers neither the characteristics of the input signal nor the
characteristics of the decoded signal. Thus, conventional apparatus may introduce undesirable
additional artifacts, especially noise artefacts, and cancels the advantages of such a tool.

In contrast, embodiments according to the invention allow for an improved noise filling with

reduced artifacts, as is discussed above.
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Claims

A noise filler {100) for providing a noise-filled spectral representation (112) of an
audio signal on the basis of an input spectral representation (110) of the audio signal,
the noise filler comprising:

a spectral region identifier (120) configured to identify spectral regions (422e, 422f,
422g) of the input spectral representation (110) spaced from non-zero spectral regions
(420a, 420b, 420c, 420d) of the input spectral representation (110) by at least one
intermediate spectral region (422a, 422b, 422, 422d, 422h, 4221, 422j, 422k), to obtain
identified spectral regions (422¢, 422f, 422g); and

a noise inserter (130) configured to selectively introduce noise into the identified

spectral regions (422e, 422f, 422g) to obtain the noise-filled spectral representation
(112) of the audio signal.

The noise filler (100) according to claim 1, wherein the spectral region identifier (120)
is configured to identify spectral lines (422e, 422f, 422g) of the input spectral
representation (110), which are quantized to zero and which comprise at least a first
predetermined number (4) of lower frequency neighbor spectral lines (422a, 422b,
422¢, 422d; 422b, 422¢, 4224, 422¢, 422¢, 422d, 422e, 422f) quantized to zero and at
least a second predetermined number (4) of higher frequency neighbor spectral lines
(4221, 422g, 422h, 422i; 422g, 422h, 422i, 422j; 422h, 4221, 422, 422k) quantized to
zero, as identified spectral regions;

wherein the first predetermined number (4) is greater than or equal to 1, and wherein

the second predetermined number (4) is greater than or equal to 1; and

wherein the noise inserter (130) is configured to selectively introduce noise into the
identified spectral lines (422e, 422f, 422g) while leaving spectral lines (420a, 420b,
420c, 420d) quantized to a non-zero value and spectral lines (422a, 422b, 422¢, 4224,
422h, 422i, 422j, 422k) quantized to zero, but not having the first predetermined
number (4) of lower frequency neighbor spectral lines quantized to zero, or the second
predetermined number (4) of higher frequency neighbor spectral lines quantized to
zero unaffected by the noise filling,

The noise filler (100) according to claim 2, wherein the first predetermined number (4)
is equal to the second predetermined number (4).

The noise filler (100) according to one of claims 1 to 3, wherein the noise filler is
configured to introduce noise only into spectral regions in an upper portion of the input
spectral representation (110) of the audio signal while leaving a lower portion of the
input spectral representation (110} of the audio signal unaffected by the noise filling,
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The noise filler (100) according to one of claims 1 to 4, wherein the spectral region
identifier (120) is configured to sum quantized intensity values (quantized (x(i))) of
spectral regions in a predetermined double-sided spectral neighborhood of a given
spectral region (i), to obtain a sum value (E), and to evaluate the sum value (E) to

decide whether the given spectral region (i) is an identified spectral region or not.

The noise filler (100) according to one of claims 1 to 5, wherein the spectral region
identifier (120) is configured to scan a range of spectral regions of the input spectral
representation (110) to detect contiguous sequences (422a to 422i; 422b to 422j; 422¢
to 422Kk) of spectral regions quantized to zero, and to recognize on¢ or more central

spectral regions (422¢, 4221, 422g) of the detected contiguous sequences as identified
spectral regions.

A noise filling parameter calculator (500) for providing a noise filling parameter (512)
on the basis of a quantized spectral representation (510} of an audio signal, the noise
filling parameter calculator comprising:

a spectral region identifier (520) configured to identify spectral regions (422e, 422f,
422g) of the quantized spectral representation (510) spaced from non-zero spectral
regions (420a, 420b, 420c¢, 420d) of the quantized spectral representation (510) by at
least one intermediate spectral region (422a, 422b, 422¢, 4224, 422h, 4221, 422, 422k),
to obtain identified spectral regions (422e, 422f, 422g); and

a noise value calculator (530) configured to selectively consider quantization errors

(energy (x(1))) of the identified spectral regions (i) for a calculation of the noise filling
parameter (512, nf),

The noise filling parameter calculator (500) according to claim 7,

wherein the spectral region identifier (520) is configured to identify spectral lines
(422e, 4221, 422g) of the input spectral representation (510), which are quantized to
zero and which comprise at least a first predetermined number (4) of lower frequency
neighbor spectral lines (422a, 422b, 422¢, 422d; 422b, 422¢, 422d, 422¢, 422¢, 422d,
422¢, 422f) quantized to zero and at least a second predetermined number (4) of higher
frequency neighbor spectral lines (422f, 422g, 422h, 422i; 422g, 422h, 422i, 422j;
422h, 4221, 422j, 422k) quantized to zero, as identified spectral regions;

wherein the first predetermined number (4) is greater than or equal to 1, and wherein
the second predetermined number (4) is greater than or equal to 1; and

wherein the noise value calculator (520) is configured to selectively consider

quantization errors of the identified spectral regions (i) for a calculation of the noise
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10.

11.

12.

13.

filling parameter while leaving spectral lines (420a, 420b, 420c, 4204) quantized to a
non-zero value and spectral line (422a, 422b, 422¢, 422d, 422h, 422i, 422j, 422k)
quantized to zero, but not having the first predetermined number (4) of lower
frequency neighbors spectral lines quantized to zero, or the second predetermined
number (4) of higher frequency neighbor spectral lines quantized to zero out of
consideration for the calculation of the noise filling parameter.

The noise filling parameter calculator (500) according to one of claims 7 to 8, wherein
the noise value calculator (530) is configured to consider an actual energy
(energy(x(i))) of the quantization error of the identified spectral regions (i) for the
calculation of the noise filling parameter (512, nf, nf_index).

The noise filling parameter calculator (500) according to one of claims 7 to 9, wherein
the noise value calculator (530) is configured to emphasize a non-tonal quantization
error energy (energy (x(1))) distributed over a plurality of identified spectral regions in
relation to a tonal quantization error energy concentrated in a single spectral region or
in a plurality of contiguous spectral lines.

The noise filling parameter calculator {(500) according to one of claims 7 to 10,
wherein the noise value calculator (530) is configured to calculate a sum of
logarithmized quantization error energies (loglO{energy(x(i)))) of the identified
spectral regions (i), to obtain the noise filling parameter (512, nf, nf_index).

An encoded audio signal representation (900) representing an audio signal, the encoded
audio signal representation comprising;

an encoded quantized spectral domain representation of the audio signal; and
an encoded noise filling parameter;

wherein the noise filling parameter represents a quantization error of spectral regions
of the spectral domain representation quantized to zero and spaced from spectral
regions of the spectral domain representation quantized to a non-zero value by at least
one intermediate spectral region.

A methed (700) for providing a noise-filled spectral representation of an audio signal
on the basis of an input spectral representation of the audio signal, the method
comprising;

identifying (710) spectral regions of the input spectral representation spaced from non-
zero spectral regions of the input spectral representation by at least one intermediate

spectral region, to obtain identified spectral regions; and

o
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selectively introducing (720) noise into the identified spectral regions to obtain the
noise-filled spectral representation of the audio signal.

A method (800) for providing a noise filling parameter on the basis of a quantized
spectral representation of an audio signal, the method comprising;

identifying (810) spectral regions of the quantized spectral representation spaced from
non-zero spectral regions of the quantized spectral representation by at least one
intermediate spectral region to obtain identified spectral regions; and

selectively considering (820) quantization errors of the identified spectral regions for a
calculation of the noise filling parameter.

A computer program for performing the method according to claim 13 or 14, when the
computer program runs on a computer.
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NOISE FILLER, NOISE FILLING PARAMETER CALCULATOR, METHOD FOR
PROVIDING A NOISE FILLING PARAMETER, METHOD FOR PROVIDING A
NOISE-FILLED SPECTRAL REPRESENTATION OF AN AUDIO SIGNAL,
CORRESPONDING COMPUTER PROGRAM AND ENCODED AUDIO SIGNAL

Abstract

A noise filler for providing a noise-filled spectral representation of an audio signal on the basis
of an input spectral representation of the audio signal comprises a spectral region identifier
configured to identify spectral regions of the input spectral representation spaced from non-
zero spectral regions of the input spectral representation by at least one intermediate spectral
region, to obtain identified spectral regions, and a noise inserter configured to selectively
introduce noise into the identified spectral regions to obtain the noise-filled spectral
representation of the audio signal. A noise filling parameter calculator for providing a noise
filling parameter on the basis of a quantized spectral representation of an audio signal
comprises a spectral region identifier, as mentioned above, and a noise value calculator
configured to selectively consider quantization errors of the identified spectral regions for a
calculation of the noise filling parameter. Accordingly, an encoded audio signal representation
representing the audio signal can be obtained.

Fig. 1

£
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/

% Pseudo code noise filling decoder side

% Detect Regions

R={}

MinimalRunLength = 8;

For (all lines in the second half of the spectra)
E=0

For (i from ling index - (MinimalRunLength)/2 to line
index + (MinimalRunLength)/2)
E=E+quantized(x(i));
End for
fE==
R = {R, line index};
End if
End for

%Decode noise floor
nf_decoded = 0.0625*(8-index):

"~ %Fill with noise

For (all i in R)
x(1) = random (-1,4+1)*nf decoded;
End for

%End of pseudo-code noise filling decoder side

FIG 3
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600

/

% Pseudo of code noise filling encoder side

/" % Detect Regions

R={},
MinimalRunLength = 8:
For (all lines in the second half of the spectra)

[
|
® J For (i from line index - (MinimalRunLength)/2 to line
610

E=0
index + (MinimalRunLength)/2)

E=E+quantized(x(i));

End for

fE==
R = {R, line index};

End if

. End for

/ %Compute noise floor
nf = 0;
n=0;
® 620 < For(alliinR)
] nf = E+log10(energy(x())):
n=n+1;
End for

f %Quantize nf
5300 " index=max(0, min (7, int (8-16"power (10, (nf )

% end of pseudo code noise filling encoder side

FIG 6
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identifying spectral regions of an input
spectral representation of an audio signal spaced
® 710 —_ from non-zero spectral regions of the input
spectral representation by at least one intermediate
spectral region, to obtain identified spectral regions

selectively introducing noise into
700 —_ the identified spectral regions,
to obtain a noise-filled spectral
® representation of the audio signal

FIG 7
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800

/

identity spectral regions of the quantized
spectral representation of an audio signal
spaced from non-zero spectral regions
® 810 —_ of the quantized spectral representation
by at least one intermediate spectral region,
to obtain identified spectral regions

selectively consider quantization
820 ~ errors of the identified spectral
regions for a calculation of the
® filling parameter

FIG 8
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Description

Background of the Invention

Embodiments according to the invention are related to a noise filler for providing a noise-
filled spectral representation of an audio signal on the basis of an input spectral
representation of the audio signal, to a noise filling parameter calculator for providing a
noise filling parameter on the basis of a quantized spectral representation of an audio
signal, to an encoded audio signal representation representing an audio signal, to a method
for providing a noise filled spectral representation of an audio signal, to a method for
providing a noise filling parameter on the basis of a quantized spectral representation of an
audio signal, and to computer programs for implementing said methods.

In the following, some scenarios will be described in which embodiments according to the
invention can be applied with advantage. Many frequency domain audio signal encoders
are based on the idea that some frequency regions or spectral regions (e.g. frequency lines
or spectral lines provided by a time-domain to frequency-domain conversion), are more
important that other spectral regions. Accordingly, spectral regions of high psychoacoustic
relevance are typically encoded with higher accuracy than spectral regions of lower
psychoacoustic relevance. The psychoacoustic relevance of the different spectral regions
may, for example, be calculated using a psychoacoustic model which takes into account
the masking of weaker spectral regions by adjacent strong spectral peaks.

If there is a desire to reduce the bitrate of an encoded audio signal down towards a low
level, some spectral regions are quantized with a very low accuracy (e.g. only one bit
accuracy, Or two bit accuracy). Accordingly, many of the spectral regions quantized with
low accuracy are quantized to zero. Thus, at low bitrates transform-based audio coders are
prone to different artifacts and especially to artifacts originating from the zero-quantized
frequency lines. Indeed, coarse quantization of spectral values in low bitrate audio coding
might lead to very sparse spectra after inverse quantization, as many spectral lines might
have been quantized to zero. These frequency holes in the reconstructed signal produce
undesirable sound artifacts. It can make the reproduced sound too sharp or instable
{birdies) when the frequency holes in the spectra move from frame to frame.
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Noise filling is a means to mask these artefacts by filling, at the decoder side, the zero-
quantized coefficients or bands with a random noise. The energy of the inserted noise is a
parameter computed and transmitted by the encoder.

Different concepts of noise filling are known. For example, the so-called AMR-WR+
combines noise filling and a Discrete Fourier Transform (DFT), as described for example
in reference [1]. In addition, the Intemational Standard ITU-T G.729.1 defines a concept

which combines noise filling and modified discrete cosine transform (MDCT). Details are
described in reference [2].

Further aspects regarding the noise filling are described in the International patent
application PCT/IB2002/001388 by Keninklijke Philips Electronics N.V. (see reference
[(3D-

Nevertheless, the conventional noise filling concepts result in audible distortions.

In view of this discussion, there is a desire to create a concept of noise filling which
provides for an improved hearing impression.

Summary of the Invention

An embodiment according to the invention creates a noise filler for providing a noise-filled
spectral representation of an audio signal on the basis of an input spectral representation of
the audio signal. The noise filler comprises a spectral region identifier configured to
identify spectral regions (e.g. spectral lines, or spectral bins) of the input spectral
representation spaced from non-zero spectral regions (e.g. spectral lines or spectral bins) of
the input spectral representation by at least one intermediate spectral region, to obtain
identified spectral regions. The noise filler also comprises a noise inserter configured to
selectively introduce noise into the identified spectral regions (e.g. spectral lines or spectral
bins) to obtain the noise-filled spectral representation of the audio signal.

This embodiment of the present invention is based on the finding that tonal components of
the spectral representation of an audio signal are typically degraded, in terms of the hearing
impression, if a noise filling is applied in the immediate neighborhood of such tonal
components. Accordingly, it has been found that an improved hearing impression of a
noise-filled audio signal can be obtained if the noise filling is only applied to spectral
regions which are spaced away from such tonal, non-zero spectral regions. Accordingly,
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the tonal components of the audio signal spectrum (which are not quantized to zero in the
quantized spectral representation input to the noise filler) remain audible (i.e. do not

become smeared with closely adjacent noise), while the presence of large spectral holes is
still efficiently avoided.

In a preferred embodiment, the spectral region identifier is configured to identify spectral
lines of the input spectral representation, which are quantized to zero and which comprise
at least a first predetermined number of lower frequency neighbor spectral lines quantized
to zero and at least a second predetermined number of higher frequency neighbor spectral
line quantized to zero, as identified spectral regions, wherein the first predetermined
number is greater than or equal to one and wherein the second predetermined number is
greater than or equal to one. In this embodiment, the noise inserter is configured to
selectively introduce noise into the jdentified spectral lines while leaving spectral lines
quantized to a non-zero value and spectral lines quantized to zero, but not having the first
predetermined number of lower frequency neighbor spectral lines quantized to zero, or the
second predetermined number of higher frequency neighbor spectral lines quantized to
zero unaffected by the noise filling. Thus, the noise filling is selective in that noise is
introduced only into spectral lines which are quantized to zero and which are spaced from
lines quantized to a non-zero value, both in an upward spectral direction and a downward
spectral direction, for example by the first predetermined number of lower frequency
neighbor spectral lines quantized to zero and by the second predetermined number of
higher frequency neighbor spectral lines quantized to zero.

In a preferred embodiment, the first predetermined number is equal to the second
predetermined number, such that a minimum spacing in the upward frequency direction
from lines quantized to a non-zero value is equal to a minimum spacing in the downward
frequency direction from lines quantized to a non-zero vaiue.

In a preferred embodiment, the noise filler is configured to introduce noise only into
spectral regions in an upper portion of the spectral representation of the audio signal, while
leaving a lower portion of the spectral representation of the audio signal unaffected by the
noise filling. Such a concept is useful as usually the higher frequencies are less
perceptually important than the low frequencies. The zero quantized values also mostly
occur in the second half of the spectra (i.e. for high frequencies). Also adding noise in the
high frequencies is less prone to get a final noisy sound restitution.

In a preferred embodiment, the spectral region identifier is configured to sum quantized
intensity values (e.g. energy values or amplitude values) of spectral regions in a

109
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predetermined double-sided spectral neighborhood of a given spectral region (i.e. a
spectral neighborhood extending towards both lower and higher frequencies), to obtain a
sum value, and 1o evaluate the sum value to decide whether the given spectral region is an
identified spectral region or not. It has been found that a sum value of energies of a
quantized spectrum over a double-sided spectral neighborhood of a given spectral region is

a meaningful quantity to decide whether noise filling should be applied to the given
spectral region,

In another preferred embodiment, the spectral region identifier is configured to scan a
range of spectral regions of the input spectral representation to detect contiguous sequences
of spectral regions quantized to zero, and to recognize one or more central spectral regions

(i.e. non-boundary spectral regions) of such detected contiguous sequences as identified
spectral regions.

It has been found that a detection of a certain “run-length” of spectral regions quantized to
zero, is a task which can be implemented with particularly low computational complexity.
In order to identify such a contiguous sequence of spectral regions, it is possible to decide
whether all of the spectral regions within this sequence of spectral regions are quantized to
zero, which can be performed using a relatively simple algorithm or circuit. If it is found
that such a contiguous sequence of spectral regions is quantized to zero, one or more of the
inner spectral regions of the sequence (which are spaced far enough from spectral regions
outside of the present sequence of spectral regions) are treated as identified spectral
regions. Thus, by scanning through a range of spectral regions (e.g. by subsequently
selecting different shifted sequences of spectral regions), an efficient analysis of the
spectral representation can be made, to identify spectral regions quantized to zero and

spaced from spectral regions quantized to a non-zero value by a predetermined minimum
distance.

Another embodiment according to the invention creates a noise filling parameter calculator
for providing a noise filling parameter on the basis of a quantized spectral representation of
an audio signal. The noise filling parameter calculator comprises a spectral region
identifier configured to identify spectral regions of the quantized spectral representation
spaced from non-zero spectral regions of the quantized spectral representation by at least
one intermediate spectral region, to obtain identified spectral regions. The noise filling
parameter calculator also comprises a noise value calculator configured to selectively
consider quantization errors of the identified spectral regions for a calculation of the noise
filling parameter. The noise filling parameter calculator is based on the key idea that it is
desirable to restrict a decoder-sided noise filling to spectral regions which are spaced from
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tonal spectral regions (quantized to a non-zero value), and that consequently the noise
parameter should be caiculated at the encoder side, taking this concept into consideration.
Accordingly, a noise filling parameter is obtained which is particularly well-suited to the
above-described decoder concept. It has also been found that spectral regions, which are
quantized 1o zero, but which are very close to spectral regions quantized to a non-zero
value, often do not reflect a truly noise-like audio content, but rather are strongly correlated
with the adjacent tonal (quantized to a non-zero value} spectral region. Accordingly, it has
been found that it is generally not desirable to consider the quantization error of spectral
regions, which are nearby spectral regions quantized to a non-zero value for a calculation
of a noise filling parameter, because this would typically result in a strong over-estimation
of the noise, thereby resulting in a too noisy reconstructed spectral representation.

Thus, the noise filling parameter calculation concept described herein is usable in
combination with the above-described noise filling concept and even in combination with
conventional noise filling concepts.

In prefetred embodiments, the concent for the identification of spectral regions, which has
been discussed with respect to the noise filler, can also be applied in combination with the
noise filling parameter calculator.

In a further preferred embodiment, the noise value calculator is configured to consider an
actual energy of the quantization error of the identified spectral regions for the calculation
of the noise filling parameter. It has been found that the consideration of an actual
quantization error (rather than an estimated quantization error or an average quantization
error) typically brings along improved results, because the actual quantization error
typically deviates from the statistically expected quantization error.

In a further preferred embodiment, the noise value calculator is configured to emphasize a
non-tonal quantization error energy distributed over a plurality of identified spectral
regions in relation to a tonal quantization error energy concentrated in a single spectral
region. This concept is based on the finding that a non-tonal wideband noise, an average
energy of which lies below a quantization threshold and which is therefore quantized to
zero, is perceptually much more relevant for the noise filler than a single tonal audio
component, an intensity of which lies below the quantization threshold, even if the non-
tonal wideband noise quantized to zero and the tonal component quantized to zero were
both quantized 1o zero. The reason is that the noise filler by generating a random noise at
the decoder can model missing non-tonal wideband noise in the quantized spectral
representation but not missing tonal components. Thus, an emphasis of non-tonal noise

W



10

15

20

25

30

35

WO 2010/003565 PCT/EP2009/004653

components quantized to zero over tonal components quantized to zero, brings along a
more realistic sound reconstruction. This is also due to the fact that a human hearing
impression is degraded much more by the presence of a spectral hole (e.g. in the form of
the absence of a wideband noise quantized to zero) than by the absence of a small spectral
peak quantized to zero. A tonal component may be concentrated in a single spectral line, or
may be spread over several spectral contiguous lines (for example i-1, i,i+1). A spectral
region may, for example, comprise one or more spectral lines.

In a preferred embodiment, the noise value calculator is configured to caiculate a sum of
logarithmized quantization error energies of the identified spectral regions to obtain the
noise filling parameter. By calculating the sum of logarithmized quantization error energies
of the identified spectral regions, the above-described relative emphasis of non-tonal

spectral regions quantized to zero over tonal regions quantized to zero, can be obtained in
an efficient manner.

Another embodiment according to the invention creates an encoded audio signal
representation, for representing an audio signal. The encoded audio signal representation
comprises an encoded quantized spectral domain representation of the audio signal and an
encoded noise filling parameter. The noise filling parameter represents a quantization error
of the spectral regions of the spectral domain representation quantized to zero and spaced
from spectral regions of the spectral domain representation quantized to a non-zero value
by at least a predetermined number of intermediate speciral regions. The above-described
encoded audio signal representation is useable by the noise filler discussed above and can
be obtained using the noise filling parameter calculator discussed above. The encoded
audio signal representation allows for a reconstruction of the audio signal with particularly
good audio quality because the noise filling parameter selectively reflects the quantization
error of the quantized spectral domain representation for such spectral regions in which a

meaningful noise information is present and which should be selectively considered for a
noise-filling at the decoder side.

Another embodiment according to the invention creates a method for providing a noise
filled representation of an audio signal.

Yet another embodiment according to the invention creates a method for providing a noise
filling parameter on the basis of a quantized spectral representation of an audio signal.

Yet another embodiment according to the invention creates a computer program for
implementing the abovementioned methods.

WL




10

15

20

25

30

35

WO 2010/003565 ‘ PCT/EP200%/004653

Brief Description of the Figures

Embodiments according to the invention will subsequently be described, taking reference
to the enclosed figures, in which:

Fig. 1 shows a block schematic diagram of a noise filler, according to an embodiment of
the invention;

Fig. 2 shows a block schematic diagram of an audio signal decoder comprising the noise
filler according to the present invention:

Fig. 3 shows a pseudo program code for implementing the functionality of the noise filler
of Fig. 1;

Fig. 4 shows a graphical representation of an identification of spectral regions, which may
be performed in the noise fillet according to Fig. 1;

Fig. 5 shows a block schematic diagram of a noise filling parameter calculator according to
an embodiment of the invention;

Fig. 6 shows a pseudo program code for implementing the functionality of the noise filling
parameter calculator according to Fig. 5;

Fig. 7 shows a flow chart of a method for providing a noise filled spectral representation of
an audio signal on the basis of an input spectral representation of the audio signal;

Fig. 8 shows a flow chart of a method for providing a noised filling parameter on the basis
of a quantized spectral representation of an audio signal; and

Fig. 9 shows a graphical representation of an audio signal representation, according to an

embodiment of the invention.

Noise filler according to Figs. 1-4

Fig. I shows a block schematic diagram of a noise filler 100, according to an embodiment
of the invention. The noise filler 100 is configured to receive an input spectral
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representation 110 of an audio signal, for example in the form of decoded spectral
coefficients (which may for example be quantized or inversely quantized). The noise filler
100 is also configured to provide a noise filled spectral representation 112 of the audio
signal on the basis of the input spectral representation 110.

The noise filler 100 comprises a spectral region identifier 120, which is configured to
identify spectral regions of the input spectral representation 110 spaced from non-zero
spectral regions of the input spectral representation 110 by at least one intermediate
spectral region, to obtain an information 122 indicating the identified spectral regions. The
noise filler 100 also comprises a noise inserter 130, which is configured to selectively
introduce noise into the identified spectral regions (described by the information 122), to
obtain the noise filled spectral representation 112 of the audio signal.

Regarding the functionality of the noise filler 100, it can generally be said that the noise
filler 100 selectively fills spectral regions (e.g. spectral lines or spectral bins) of the input
spectral representation 110 with noise, for example by replacing spectral values of spectral
lines quantized to zero with replacement spectral values describing a noise. In this manner,
spectral holes or spectral gaps within the input spectral representation 110 can be filled,
which may for example arise from a coarse quantization of the input spectral
representation 110. However, the noise filler 100 does not introduce noise into all of the
spectral lines quantized to zero (i.e. spectral lines, the spectral values of which are
quantized to zero). Rather, the noise filler 100 only introduces noise into such spectral lines
quantized to zero, which comprise a sufficient distance from any spectral lines quantized to
a non-zero value. in this manner, the noise filling does not entirely fill spectral holes or
spectral gaps, but maintains a spectral distance of at least one spectral region (or of at least
any other predetermined number of spectral regions) between those spectral lines in which
a notse is introduced and spectral lines quantized to a non-zero value. Thus, a spectral
distance between filling noise, introduced into the spectral representation, and spectral
lines quantized to a non-zero value is maintained, such that the psychoacoustically relevant
spectral lines (which are not quantized to zero in the input spectral representation of the
audio signal) can be clearly distinguished (due to the spectral distance of the predetermined
number of one or more spectral regions) from the filling noise introduced inta the spectrum
by the noise filler. Accordingly, the psychoacoustically most relevant audio content
(represented by non-zero spectral line values in the input spectral representation 110} can
clearly be perceived, while large spectral holes are avoided. This is due to the fact that the
noise filling is selectively omitted in the proximity of spectral lines of the input spectral
representation quantized to a non-zero value, while the noise filling is executed in the
central regions of spectral holes or spectral gaps.
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In the following, an application environment for the noise filler 100 will be described
taking reference to Fig. 2. Fig. 2 shows a block schematic diagram of an audio signal
decoder 200, according to an embodiment of the invention. The audio signal decoder 200
comprises, as a key component, the noise filler 100. The audio signal decoder 200 also
comprises a spectral coefficient decoder 210, which is configured to receive an encoded
audio signal representation 212 and to provide a decoded, an optionally inversely
quantized representation 214 of spectral coefficients of the encoded audio signal. The
spectral coefficient decoder 210 may for example comprise an entropy decoder (e.g.
arithmetic decoder or run length decoder) and, optionally, an inverse quantizer to derive
the decoded representation 214 of the spectral coefficients (e.g. in the form of inversely
quantized coefficients) from the encoded audio signal representation 212. The noise filler
100 is configured to receive the decoded representation 214 of spectral coefficients (which

is optionally inversely quantized) as the input spectral representation 110 of the audio
signal.

The audio signal decoder 200 also comprises a noise factor extractor 220, which is
configured to extract a noise factor information 222 from the encoded audio signal
representation 212 and to provide the extracted noise factor information 222 to the noise
filler 100. The audio signal decoder 200 also comprises a spectrum reshaper 230, which is
configured to receive a reconstructed spectrum representation 232 from the noise filler
100. The reconstructed spectrum representation 232 may for example be equal to the noise
filled spectral representation 112 provided by the noise filler, The spectrum reshaper 230,
which may be considered as optional, is configured to provide a spectrum information 234
on the basis of the reconstructed spectrum representation 232. The audio signal decoder
200 further comprises a spectral-domain to time-domain converter 240, which receives the
spectrum representation 234 provided by the spectrum reshaper 230, or, in the absence of
the spectrum reshaper 230, the reconstructed spectrum representation 232, and to provide
on the basis thereof, a time-domain audio signal representation 242. The spectral-domain
to time-domain converter 240 may for example be configured to perform an inverse
modified discrete cosine transform (IMDCT).

In a preferred embodiment, the noise filling at the decoder side comprises the following
steps (or follows the next steps):

I Decode the noise floor;
2. Decode the quantized values of the frequency lines;
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10
3. Detect the spectral regions in the selected part of the spectra where a run length of
zeros is higher than a minimal run length size; and
4, Apply a randomly generated sign to the decoded noise floor for each of the lines

within the selected regions.
The noise floor is decoded as follows:
nf_decoded = 0.0625*(8-index).

The detected spectral regions are, for example, selected in the same manner as it is done at
the encoder side (which will be described below).

A memoryless Gaussian noise in the MDCT domain is generated by a spectrum with the
same amplitude for all lines but with random signs. So, for each of the lines within the
selected regions, the decoder generates a random sign (-1 or +1) and applies it to the

decoded noise floor. However, other methods of providing a noise contribution can be
applied as well.

In the following, some details will be described taking reference to Figs. 1, 2, 3, and 4,
wherein Fig. 3 shows a pseudo program code of an algorithm for noise filling at the
decoder side, which may be performed by the noise filler 100, and wherein Fig. 4 shows a
graphical representation of the noise filling.

To start with, the decoding of the noise floor may be performed by the noise factor
extractor 220, which receives, for example, a noise factor index (also briefly designated as
“index™} and to provide on the basis thereof the decoded noise factor value 222 (also
designated with “nf decoded”). The noise factor index may for example be encoded using
three or four bits, and it may for example be an integer value in the range between 0 and 7,
or an integer value in a range between 0 and 15.

The quantized values of the frequency lines (also designated as “spectral lines” or “spectral
bins”) may be provided by the spectral coefficient decoder 210. Accordingly, quantized (or
optionally, inversely quantized) spectral line values (also designated as “spectral
coefficients”) are obtained, which are designated as “quantized (x(i))". Here, i designates a
frequency index of the spectral line values.

Subsequently, spectral regions are detected by the noise filler 100 in a selected part of the
spectra (¢.g. in an upper portion of the spectrum starting from a predetermined spectral line
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frequency index i) where a run length of zeros (i.e. of quantized spectral line values
quantized to zero) is higher than a minimal run length size. The detection of such spectral
regions is performed by a first portion 310 of the algorithm 300 of Fig. 3. As can be seen
from the first portion 310 of the algorithm 300, a set R of detected regions is initialized to
be an empty set at the beginning of the algorithm (R = {}:).

In the example of the algorithm of Fig. 3, a minimal run length is set to a fixed value of 8,
but naturally any other value can be chosen.

Subsequently, it is determined for a plurality of spectral lines under consideration
(designated by running variable “line index’) whether each of these spectral lines under
consideration comprises a double-sided environment of spectral lines quantized to zero
(and whether the spectral line under consideration is itself quantized to zero). For example,
all the lines in the second half of the spectra may successively be considered as lines under
consideration, wherein a line which is currently under consideration is designated by a
frequency index “line index”. For a line under consideration designated by the “line
index”, a sum of quantized spectral coefficients “quantized(x(i))” in an environment
ranging from a spectral line frequency index of “line index — (MinimalRunLength)/2” to a
spectral line frequency index of “line index + MinimalRunLength)/2” is computed. If it is
found that the sum of the spectral line values in said environment of the spectral line
currently under consideration (having spectral line frequency index “line index™} is zero,
then the spectral line presently under consideration (or, more precisely, the spectral line
frequency index “line index” thereof) is added to the set R of detected regions (or detected
spectral lines). Consequently, if a spectral line frequency index of a spectral line is added
to the set R, this means that the spectral lines having line indices between “line index —
MinimalRunLength)/2” and “line index + MinimalRunLength)/2” all comprise spectral
line values quantized to zero.

Accordingly, in the first portion 310 of the pseudo program code 310, a set R of spectral
line frequency indices “line index” is obtained, which enumerates those (and only those)
spectral lines of the spectral portion under consideration which are spaced “sufficiently”

(i.e. by at least MinimalRunLength/2 lines) from any spectral lines quantized te a non-zero
value.

The detection of such region is illustrated in Fig. 4, which shows a graphical representation
400 of a spectrum. An abscissa 410 describes a frequency of spectral lines in terms of a
spectral line frequency index “line index”. An ordinate 412 describes an intensity (e.g.
amplitude or energy) of the spectral lines. As can be seen, the portion of the spectrum
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illustrated in the graphical representation 400 comprises four spectral lines 420a, 420b,
420c, and 420d, quantized to a non-zero value. Further, between the spectral lines 420¢ and
420d, there are 11 spectral lines 422a-422k quantized to zero. Further, it is assumed that a
spectral line is only considered to be spaced sufficiently from a spectral line quantized to a
non-zero value if there are at least four spectral lines quantized to zero between the spectral
line presently under consideration and any other spectral line quantized to a non-zero value
(and naturally, if the spectral line presently under consideration is itself quantized to zero).
However, when considering the spectral line 422a, it will be found that the spectral line
422a is immediately adjacent to the spectral line 422¢, which is not quantized to zero, such
that the spectral line frequency index of the spectral line 422a will not be part of the set R
computed according to the first part 310 of the algorithm 300. Similarly, it will be found
that the spectral lines 422b, 422¢, and 422d are not spaced far enough from any spectral
lines quantized to a non-zero value, such that the spectral line frequency indices of the
spectral lines 422b to 422d will also not be part of the set R. In contrast it will be
recognized that spectral line 422¢ is spaced far enough from any spectral lines quantized to
a non-zero value, because the spectral line 422e is a center line {(or, more generally, a
central line), of a sequence of 9 contiguous spectral lines all quantized to zero.
Accordingly, a spectral line frequency index of the spectral line 422e will be part of the set
R computed in the first portion 310 of the algorithm 300. The same also holds for the
spectral lines 422f and 422g, such that the spectral line frequency indices of the spectral
lines 422f and 422g will be part of the set R determined in the first portion 310 of the
algorithm 300, as the spectral lines 422f, 422g are spaced far enough from any lower-
frequency spectral lines 420a, 420b, and 420¢, quantized to a pon-zero value and from any
higher frequency spectral lines quantized to a non-zero value. On the other hand, the
spectral lines 422h, 4221, 422§, and 422k will not be part of the set R, because said spectral

lines are located too closely, in terms of frequency, besides the spectral line 420d quantized
to a non-zero vaiue.

Accordingly, the set R will not comprise spectral line frequency indices of the spectral
lines 420a, 420b, 420c, 420d, because said spectral lines are quantized to a non-zero value.
In addition, spectral line frequency indices of spectral lines 422a, 422b, 422¢, 422d, 422h,
4221, 422), and 422k, will not be part of the set R, because said spectral lines are located
too closely beside the spectral lines 420a, 420b, 420c, and 420d. In contrast, spectral line
frequency indices of spectral lines 422e, 422f, 422g, will be included in the set R, because
said spectral lines are themselves quantized to zero and spaced far enough from any
adjacent non-zero spectral lines.
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The algorithm 300 also comprises a second portion 320 of decoding the noise floor,
wherein a noise value index (“index” in the program code portion 320) is converted into a
decoded noise figure value (“nf_decoded” in the program code 300).

The program code 300 also comprises a third portion 330 of filling the identified spectral
lines, i.e. spectral lines the spectral line frequency indices i of which are in the set R, with
noise. For this purpose, the spectral values of the identified spectral lines (designated for
example, with x(i), wherein running variable i subsequently takes all spectral line
frequency indices included in the set R} are set to noise filling values. The noise filling
values are for example obtained by multiplying the decoded noise filling value
(nf_decoded) with a random number or pseudo random number (designated with
“random(-1, +1)”), wherein the random or pseudo random number may for example
randomly or pseudo-randomly take the numbers -1 and +1. However, different provision of
a random or pseudo random noise is naturally possibie.

The noise filling is also illustrated in Fig. 4. As can be seen in Fig. 4, the zero spectral

values of the spectral lines 422e, 422f, and 422g are replaced by noise filling values
(illustrated by dotted lines in F ig. 4).

Noise filling parameter calculator according to Figs. 5 and 6

Fig. 5 shows a block schematic diagram of a noise filling parameter calculator 500. The
noise filling parameter calculator is configured to obtain a quantized spectral

representation 510 of an audio signal and to provide, on the basis thereof, a noise filling

parameter 512. The noise filling parameter calculator 500 comprises a spectral region

identifier 520, which is configured 1o receive the quantized spectral representation 510 of
the audio signal and to identify spectral regions (e.g. spectral lines) of the quantized

spectral representation 510 spaced from non-zero spectral regions of the quantized spectral

representation 510 by at least one intermediate spectral region (e.g. spectral line), to obtain

an information 522 describing identified spectral regions (e.g. identified spectral lines).

The noise filling parameter calculator 500 further comprises a noise value calculator 530

configured to receive a quantization error information 532 and to provide the noise filling .
parameter 512. For this purpose, the noise value calculator is configured to selectively

consider quantization errors of the identified spectral regions, described by the information

522, for a calculation of the noise filling parameter 512.




10

15

20

25

30

35

WO 2010/003565 PCT/EP2009/004653

14

The quantization error information 532 may for example be identical to an energy
information (or intensity information) describing energies (or intensities) of those spectral
lines which are quantized to zero in the quantized spectral representation 5190.

The noise filling parameter calculator 500 may optionally comprise a quantizer 540, which
is configured to receive a non-quantized spectral representation 542 of an audio signal and
to provide the quantized spectral representation 510 of the audio signal. The quantizer 540
may have an adjustable quantization resolution, which may for example be individually
adjustable per spectral line, or per spectral band (e.g. in dependence on a psychoacoustic
relevance of the spectral lines or spectral bands, obtained using a psychoacoustic model).
The functionality of the variable-resolution quantizer may be equal to the functionality
described in the International Standards ISO/IEC 13818-7 and ISO/IEC 14496-3. In
particular, the quantizer 540 may be adjusted such that there are spectral gaps or spectral
holes in the quantized spectral representation 510 of the audio signal, i.e. contiguous
regions of adjacent spectral lines quantized to zero.

Moreover, the non-quantized spectral representation 542 may serve as the quantization
error information 532, or the quantization error information 532 may be derived from the
non-quantized spectral representation 542.

In the following, the functionality of the noise filling parameter computation, which may
be performed by the noise filling parameter calculator 500 will be described in detail. In
the noise filling parameter computation at the encoder side, the noise filling is preferably
applied in the quantization domain. In this manner, the introduced noise is shaped
afterwards by the psychoacoustic relevant inverse filter. The energy of the noise introduced
by the decoder is calculated and encoded at the encoder side following the next steps:

Get the quantized values of the frequency lines;
Select only a part of the spectra;

3. Detect the spectral regions in the selected part of the spectra where a run length of
zeros is higher than a minimal run length size;

4. Calculate the geometric mean of the quantization error over the previously detected
regions; and

3. Quantize uniformly the geometric mean with 3 bits.

Regarding the first step, the quantized values of the frequency lines may be obtained using
the quantizer 540. The quantized values of the frequency lines are therefore represented by
the quantized spectral representation 510.
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Regarding the second step, which may be considered as optional, it should be noted that
the computation of the noise filling is preferably performed on the basis of a high
frequency portion of the spectra. In a preferred embodiment, the energy of the noise (called
noise floor) is calculated only on the second half of the spectra, i.e. for the high frequencies
(but not for the lower frequencies). Indeed, usually the high frequencies (upper part of the
spectrum) are less perceptually important than the low frequencies, and the zero-quantized
values occur mostly in the second half of the spectra. Furthermore, adding in the noise in
the high frequencies is less prone to obtain a final noisy sound restitution,

Regarding the third step, by restricting the noise filling on the spectral regions where a run
length of zero-quantized values occurs, it is avoided that the noise filling affects the non-
zeroed values too much, In this manner, the noise filling is not applied in the neighborhood
of the non-zeroed values, and the original tonality of these lines is the then better
preserved. The minimal run length size is fixed to 8§ in a preferred embodiment. This
means that the 8 lines surrounding a non-zeroed value are not affected by the noise filling
(and are consequently not considered for the calculation of a noise value).

Regarding the fourth step, the quantization error in the quantized domain are in the range |-
0.5; 0.5], and is assumed to be uniformly distributed. The energy of quantization errors of

the detected regions is average in the logarithmic domain (i.c. geometric mean). The noise
floor, nf, is then calculated as follows:

nf = power(10, sum(log 1 0(E(x(i))))/(2*n)).

In the above, sum() is the sum of the logarithmic energies, logl0(E()), of the individual
lines x(i) within the detected regions, and n the number of lines within these regions. The
noise floor, nf, is between 0 and 0.5. Such a calculation permits to take the original spectral
flatness of the zeroed values into account, and then get information about their
tonality/moisiness characteristics.

If the zeroed values are very tonal, the noise floor (computer in the apparatus 500) will go
toward zero, and a low noise floor will be added at the decoder (e.g. at the decoder 100,
200 described above). If the zeroed values are really noisy, the noise floor will be high, and

the noise filling can be seen as a highly parametric coding of the zeroed spectral lines, like

PNS (Perceptual Noise Substitution) (see also reference [4]).
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Regarding the fifth step, the quantization index (“index™) of the noise floor is then
calculated as follows:

index=max(0,min(7, int(8-16*nf))).
The index is transmitted, for example, on 3 bits.

In the following, the algorithm for computing the noise filling parameter will be described
taking reference to Fig. 6, which shows a pseudo program code 600 of such an algorithm
for obtaining the noise filling parameter, according to an embodiment of the invention. The
algorithm 600 comprises a first portion 610 of detecting regions which should be
considered for the computation of the noise filling parameter. Identified regions (e.g.
spectral lines) are described by the set R, which may for example comprise spectral line
frequency indices (“line index”) of identified spectral lines. Spectral lines may be
identified, which are themselves quantized to zero and which are further spaced, far
enough, from any other spectral lines quantized to a non-zero value.

The first portion 610 of the program 600 may be identical to the first portion 310 of the
program 300. Accordingly, the quantized spectral representation (“quantized (x(i))") used
in the algorithm 600 may for example be identical to the quantized spectral representation
(“quantized x(i))”) used in the algorithm 300 at the decoder side. In other words, the
quantized spectral representation used at the encoder side may be transmitted, in an

encoded form, to the decoder in a transmission system comprising an encoder and a
decoder.

The algorithm 600 comprises a second portion 620 of computing the noise floor. In the
computation of the noise floor, only those spectrai regions (or spectral lines) described by
the set R computed in the first portion 610 of the algorithm 600 are considered. As can be
seen, the noise filling value nf is first initialized to zero. The number of considered spectral
lines {n) is also first initialized to zero. Subsequently, the energies of all the spectral lines,
tine indices of which are included in the set R, are summed up, wherein the energies of the
spectral lines are logarithmized before the summing. For example, a logarithm to the base
of 10 (log10) of the energies (E(x{(i))) of the spectral lines may be summed. It should be
noted here that the actual energy of the spectral lines before quantization (designated with
“E or energy (x(i))”) is summed up in logarithmized form. The number of spectral lines
considered is also counted. Thus, after the execution of the second portion 620 of the
algorithm 600, the variable nf indicates a logarithmic sum of energies of the identified
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spectral lines before quantization, and the variable n describes the number of identified
spectral lines.

Algorithm 600 also comprises a third portion 630 of quantizing the value nf, i.e. the

logarithmic sum of the identified spectral lines. A mapping equation as described above or
as shown in Fig. 6 may be used.

Method according to Fig. 7

Fig. 7 shows a flow chart of a method for providing a noise-filled spectral representation of
an audio signal on the basis of an input spectral representation of the audio signal. The
method 700 of Fig. 7 comprises a step 710 of identifying spectral regions of an input
spectral representation of an audio signal spaced from non-zero spectral regions of the
input spectral representation by at least one intermediate spectral region, to obtain
identified spectral regions. The method 700 aiso comprises a step 720 of selectively
introducing noise into the identified spectral regions, to obtain a noise-filled spectral
representation of the audio signal.

The method 700 may be supplemented by any of the features and functionalities described
herein with reference to the inventive noise filler.

Method according to Fig. 8

Fig. 8 shows a flowchart of a method for providing a noise filling parameter on the basis of
a quantized spectral representation of an audio signal. The method 800 comprises a step
810 of identifying spectral regions of the quantized spectral representation of an audio
signal spaced from non-zero spectral regions of the quantized spectral representation by at
least one intermediate spectral region, to obtain identified spectral regions. The method
800 also comprises a step 820 of selectively considering quantization errors of the
identified spectral regions for a calculation of the filling parameter.

The method 800 can be supplemented by any of the features and functionalities described
herein with respect to the noise filling parameter calculator,

Audio signal representation according to Fig. 9

122
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Fig. 9 shows a graphical representation of an audio signal representation, according to an
embadiment of the invention. The audio signal representation 900 may for example form
the basis for the input spectral representation 110. The audio signal representation 900 may
also take over the functionality of the encoded audio signal representation 212. The audio
signal representation 900 may be obtained using the noise filling parameter calculator 500,
wherein the audio signal representation 900 may for example comprise the quantized

spectral representation 510 of the audio signal and the noise filling parameter 512, for
example, both in encoded form.

In other words, the encoded audio signal representation 900 may represent an audio signal.
The encoded audio signal representation 900 comprises an encoded quantized spectral
domain representation of the audio signal and also an encoded noise filling parameter. The
noise filling parameter represents a guantization error of spectral regions of the spectral
domain representation quantized to zero and spaced from spectral regions of the spectral

domain representation quantized to a non-zero value by at least one intermediate spectral
region.

Naturally, the audio signal representation 900 may be supplemented by any of the
information described above.

Implementation Alternatives

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in software. The implementation can be performed using a
digital storage medium, for example a floppy disk, a DVD, aCD, a ROM,

a PROM, an EPROM, an EEPROM or a FLASH memory, having electronically readable
control Signals stored thereon, which cooperate (or are capable of cooperating) with a
programmable computer System such that the respective method is performed.

Some embodiments according to the invention comprise a data carrier having
electronically readable control signals, which are capable of cooperating with a

programmable computer system, such that one of the methods described herein is
performed.

AL
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Generally, embodiments of the present invention can be implemented as a computer
program product with a program code, the program code being operative for performing
one of the methods when the computer program product runs on a computer.
The program code may for example be stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the methods
described herein, stored on a machine readable carrier.

In other words, an embodiment of the inventive method is, therefore, a computer program

having a program code for performing one of the methods described herein, when the
computer program runs on a computer.

A further embodiment of the inventive methods is, therefore, a data carrier {or a digital

storage medium) comprising the computer program for performing one of the methods
described herein.

A further embodiment of the inventive method is, therefore, a data stream or a sequence of
signals representing the computer program for performing on of the methods described
herein. The data stream or the sequence of signals may for example be configured to be
transferred via a data communication connection, for example via the Internet.

A further embodiment comprises a processing means, for example a computer, or a

programmable logic device, configured to or adapted to perform one of the methods
described herein.

A further embodiment comprises a computer having installed thereon the computer
program for performing one of the methods described herein.

In some embodiments, a programmable logic device (for example a field programmable
gate array) may be used to perform some or all of the functionalities of the methods
described herein. In some embodiments, a field programmable gate array may cooperate
with a microprocessor in order to perform one of the methods described herein.

Conclusion

To summarize the above, the present invention enhances the audio coding tool “noise
filling” by considering the input signal and the decoded signal characteristics when both
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computing the noise filling parameters at the encoder side, and applying the noise at the
decoder side. In an embodiment of the invention, the tonality/noisiness of the zero-
quantized spectral lines is estimated and is used for the noise floor estimation. This noise
floor is then transmitted to the decoder which applies the noise filling to the zero-quantized

values occurring is specific regions of the spectra. These regions are selected based on the
characteristics of the decoded spectra.

Regarding the context of the invention, it can be noted that the invention was applied to a
transform-based coding which uses a scalar quantization on MDCT. The MDCT
coefficients are previously normalized by a curve calculated based on perceptual clues.
The curve is deduced from a previous LPC (Linear Prediction Coding) analysis stage by
weighting the LPC coefficients, as it is done in the TCX mode of AMR-WB+ (see
reference [1]). From the weighted coefficients, a perceptual weighting filter is designed
and applied before the MDCT. The inverse filter is also applied at the decoder side after
the inverse MDCT. This inverse perceptual weighting filter shapes the quantization noises
in a way that it minimizes or masks the perceived noise.

In embodiments according to the invention, the disadvantages of the prior art are
overcome. The noise filling is conventionally applied in a systematic manner on the zero-
quantized values considering only a spectral envelope-based threshold, a masking
threshold, or an energy threshold. The prior art considers neither the characteristics of the
input signal nor the characteristics of the decoded signal. Thus, conventional apparatus

may introduce undesirable additional artifacts, especially noise artefacts, and cancels the
advantages of such a tool.

In contrast, embodiments according to the invention allow for an improved noise filling
with reduced artifacts, as is discussed above.
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Claims

A mnoise filler (100) for providing a noise-filled spectral representation (112) of an

audio signal on the basis of an input spectral representation (110} of the audio
signal, the noise filler comprising:

a spectral region identifier (120) configured to identify spectral regions (422¢, 422f,
422g) of the input spectral representation (110) spaced from non-zero spectral
regions (420a, 420b, 420c, 420d) of the input spectral representation (110) by at
least one intermediate spectral region (422a, 422b, 422¢c, 422d, 422h, 4221, 422j,
422K), to obtain identified spectral regions (422e, 422f, 422g); and

a noise inserter (130) configured to selectively introduce noise into the identified
spectral regions (422e, 422f, 422g) to obtain the noise-filled spectral representation
(112) of the audio signal.

The noise filler (100) according to claim 1, wherein the spectral region identifier
(120) is configured to identify spectral lines (422e, 422f, 422g) of the input spectral
representation (110), which are quantized to zero and which comprise at least a first
predetermined number (4) of lower frequency neighbor spectral lines (422a, 422b,
422c¢, 422d; 422b, 422¢, 422d, 422¢, 422¢, 422d, 422¢, 422f) quantized to zero and
at least a second predetcnﬁined number (4) of higher frequency neighbor spectral
lines (422f, 422g, 422h, 422i; 422g, 422h, 422i, 422); 422h, 422i, 422j, 422k)
quantized to zero, as identified spectral regions;

wherein the first predetermined number (4) is greater than or equal to 1, and
wherein the second predetermined number (4) is greater than or equal to 1; and

wherein the noise inserter (130) is configured to selectively introduce noise into the
identified spectral lines (422e, 422f, 422g) while leaving spectral lines (420a, 420b,
420c, 420d) quantized to a non-zero value and spectral lines (422a, 422b, 422c¢,
4224, 422h, 422i, 422j, 422k) quantized to zero, but not having the first
predetermined number (4) of lower frequency neighbor spectral lines quantized to
zero, or the second predetermined number (4) of higher frequency neighbor spectral
lines quantized to zero unaffected by the noise filling.

The noise filler (100) according to claim 2, wherein the first predetermined number
(4) 1s equal to the second predetermined number (4).
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The noise filler (100} according to one of claims 1 to 3, wherein the noise filler is
configured to introduce noise only into spectral regions in an upper portion of the
input spectral representation (110) of the audio signal while leaving a lower portion

of the input spectral representation (110) of the audio signal unaffected by the noise
filling.

The noise filler (100) according to one of claims 1 to 4, wherein the spectral region
identifier (120) is configured to sum quantized intensity values (quantized (x(i))) of
spectral regions in a predetermined double-sided spectral neighborhood of a given
spectral region (i), to obtain a sum value (E), and to evaluate the sum value (E) to
decide whether the given spectral region (i) is an identified spectral region or not.

The noise filler (100) according to one of claims 1 to 5, wherein the spectral region
identifier (120) is configured to scan a range of spectral regions of the input spectral
representation (110) to detect contiguous sequences (422a to 422i; 422b to 422);
422¢ to 422k) of spectral regions quantized to zero, and to Tecognize one or more
central spectral regions (422e, 422f, 422g) of the detected contiguous sequences as
identified spectral regions.

A noise filling parameter calculator (500) for providing a noise filling parameter
(512) on the basis of a quantized spectra) representation (510) of an audio signal,
the noise filling parameter calculator comprising:

a spectral region identifier (520) configured to identify spectral regions {422e, 4221,
422g) of the quantized spectral representation (510) spaced from non-zero spectral
regions (420a, 420b, 420c, 420d) of the quantized spectral representation (510) by
at least one intermediate spectral region (422a, 422b, 422¢, 4224, 422h, 422i, 422j,
422k), to obtain identified spectral regions (422, 422f, 422g); and

a noise value calculator (530) configured to selectively consider quantization errors
(energy (x(i))) of the identified spectral regions (i) for a calculation of the noise
filling parameter (512, nf).

The noise filling parameter calculator (500) according to claim 7,

wherein the spectral region identifier (520) is configured to identify spectral lines
(422e, 422f, 422g) of the input spectral representation (510), which are quantized to

174
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10.

11.

12,

zero and which comprise at least a first predetermined number (4) of lower
frequency neighbor spectral lines (422a, 422b, 422c¢, 422d; 422b, 422¢, 422d, 422,
422c, 422d, 422e, 422f) quantized to zero and at least a second predetermined
number (4) of higher frequency neighbor spectral lines (4221, 422g, 422h, 422i;
422g, 422h, 422i, 422j; 422h, 422, 422j, 422k) quantized to zero, as identified
spectral regions;

wherein the first predetermined number (4) is greater than or equal to 1, and
wherein the second predetermined nurnber (4) is greater than or equal to 1; and

wherein the noise value calculator (520) is configured to selectively consider
quantization errors of the identified spectral regions (i) for a calculation of the noise
filling parameter while leaving spectral lines (420a, 420b, 420c, 420d) quantized to
a non-zero value and spectral line (422a, 422b, 422¢, 4224, 422h, 422i, 4225, 422K)
quantized to zero, but not having the first predetermined number (4) of lower
frequency neighbors spectral lines quantized to zero, or the second predetermined
number (4) of higher frequency neighbor spectral lines quantized to zero out of
consideration for the calculation of the noise filling parameter.

The noise filling parameter calculator (500) according to one of claims 7 to 8,
wherein the noise value calculator (530) is configured to consider an actual energy
(energy(x(i))) of the quantization error of the identified spectral regions (i) for the
calculation of the noise filling parameter (512, nf, nf index).

The noise filling parameter calculator (500) according o one of claims 7 to 9,
wherein the noise value calculator (530) is configured to emphasize a non-tonal
quantization error cnergy (energy (x(i))) distributed over a plurality of identified
spectral regions in relation to a tonal quantization error energy concentrated in a
single spectral region or in a plurality of contiguous spectral lines.

The noise filling parameter calculator (500) according to one of claims 7 to 10,
wherein the noise value calculator (530) is configured to calculate a sum of
logarithmized quantization error energies (loglO(energy(x()))) of the identified
spectral regions (i), to obtain the noise filling parameter (512, nf, nf index).

An encoded audio signal representation (900) representing an audio signal, the
encoded audio signal representation comprising:
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13.

14,

15.

an encoded quantized spectral domain representation of the audio signal; and

an encoded noise filling parameter;

wherein the noise filling parameter represents a quantization error of spectral
regions of the spectral domain representation quantized to zero and spaced from

spectral regions of the spectral domain representation quantized to a non-zero value
by at least one intermediate spectral region.

A method (700) for providing a noise-filled spectral representation of an audio

signal on the basis of an input spectral representation of the audio signal, the
method comprising:

identifying (710) spectral regions of the input spectral representation spaced from
non-zero spectral regions of the input spectral representation by at least one
intermediate spectral region, to obtain identified spectral regions; and

selectively introducing (720) noise into the identified spectral regions to obtain the
noise-filled spectral representation of the audio signal.

A method (800) for providing a noise filling parameter on the basis of a quantized
spectral representation of an audio signal, the method comprising:

identifying (810) spectral regions of the quantized spectral representation spaced
from non-zero spectral regions of the quantized spectral representation by at least
one intermediate spectral region to obtain identified spectral regions; and

selectively considering (820) quantization errors of the identified spectral regions
for a calculation of the noise filling parameter.

A computer program for performing the method according to claim 13 or 14, when
the computer program runs on a computer,
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300

//

% Pseudo code noise filling decoder side

% Detect Regions

R={}

MinimalRunLength = 8;

For (all lines in the second half of the spectra)
E=0

310 For (i from ling index - {MinimalRunLength)/2 to line
index + (MinimalRunLength)/2)
E=E+quantized(x(i));
End for
fE==
R = {R, line index},
End if
End for

%0Decade noise floor
320 9 nf_decoded = 0.0625* (8-index);

%Fill with noise

For (all i in R)
330 x(i) = random (-1,+1)*nf_decoded;
End for

%End of pseudo-code noise filling decoder side

FIG 3
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/

% Pseudo of code noise filling encoder side

% Detect Regions
R={}
MinimalRuntength = 8;
For {ali lines in the second half of the spectra)
E=0
For (i from line index - (MinimalRunLength)/2 to line
610 index + (MinimalRunLength)/2)
E=E+ quantized(x(i));
End for
IfE==0

R = {R, line index};
End if
End for

%Compute noise floor
nf=0;
n=0,
620 For (alf i in R)
nf = E+log10(energy(x(i))};
n=n+f;
End for

30 %Quantize nf
6 index=max(0, min (7, int (8-16"power (10, (nf/ (2*M)))):

% end of pseudo code noise filling encoder side

FIG 6
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710 ~_| from non-zero spectral regions of the input
spectral representation by at least one intermediate
spectral region, to obfain identified spectral regions

selectively introducing noise into

720 ~ the identified spectral regions,
to obtain a noise-filled spectral

representation of the audio signal
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800

/

identify spectral regions of the quantized
spectral representation of an audio signal
spaced from non-zero spectral regions
of the quantized spectral representation
by at least one intermediate spectral region,
to obtain identified spectral regions

820 ~

selectively consider quantization
errors of the identified spectral
regions for a calculation of the
filling parameter

FIG 8
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® Audio signal representation:

{

noise filling parameter;

encoding spectral domain representation:
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