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)45� �)NTERNATIONAL� 4ELECOMMUNICATION� 5NION	� IS� THE� 5NITED� .ATIONS� 3PECIALIZED� !GENCY� IN� THE� FIELD� OF
TELECOMMUNICATIONS��4HE� )45�4ELECOMMUNICATION�3TANDARDIZATION�3ECTOR� �)45
4	� IS� A� PERMANENT� ORGAN� OF
THE� )45�� 4HE� )45
4� IS� RESPONSIBLE� FOR� STUDYING� TECHNICAL�� OPERATING� AND� TARIFF� QUESTIONS� AND� ISSUING
2ECOMMENDATIONS�ON�THEM�WITH�A�VIEW�TO�STANDARDIZING�TELECOMMUNICATIONS�ON�A�WORLDWIDE�BASIS�

4HE� 7ORLD� 4ELECOMMUNICATION� 3TANDARDIZATION� #ONFERENCE� �743#	�� WHICH� MEETS� EVERY� FOUR� YEARS�
ESTABLISHES�THE�TOPICS�FOR�STUDY�BY�THE�)45
4�3TUDY�'ROUPS�WHICH��IN�THEIR�TURN��PRODUCE�2ECOMMENDATIONS�ON
THESE�TOPICS�

4HE�APPROVAL�OF�2ECOMMENDATIONS�BY�THE�-EMBERS�OF�THE�)45
4�IS�COVERED�BY�THE�PROCEDURE� LAID�DOWN�IN
743#�2ESOLUTION�.O����

)N� SOME� AREAS� OF� INFORMATION� TECHNOLOGY� WHICH� FALL� WITHIN� )45
4 S� PURVIEW�� THE� NECESSARY� STANDARDS� ARE
PREPARED�ON�A�COLLABORATIVE�BASIS�WITH�)3/�AND�)%#�

./4%

)N� THIS� 2ECOMMENDATION�� THE� EXPRESSION� !DMINISTRATION � IS� USED� FOR� CONCISENESS� TO� INDICATE� BOTH� A
TELECOMMUNICATION�ADMINISTRATION�AND�A�RECOGNIZED�OPERATING�AGENCY�

).4%,,%#45!,�02/0%249�2)'(43

4HE�)45�DRAWS�ATTENTION�TO�THE�POSSIBILITY�THAT�THE�PRACTICE�OR�IMPLEMENTATION�OF�THIS�2ECOMMENDATION�MAY
INVOLVE�THE�USE�OF�A�CLAIMED�)NTELLECTUAL�0ROPERTY�2IGHT��4HE�)45�TAKES�NO�POSITION�CONCERNING�THE�EVIDENCE�
VALIDITY�OR�APPLICABILITY�OF�CLAIMED�)NTELLECTUAL�0ROPERTY�2IGHTS��WHETHER�ASSERTED�BY�)45�MEMBERS�OR�OTHERS
OUTSIDE�OF�THE�2ECOMMENDATION�DEVELOPMENT�PROCESS�

!S� OF� THE� DATE� OF� APPROVAL� OF� THIS� 2ECOMMENDATION�� THE� )45� HAD�HAD� NOT� RECEIVED� NOTICE� OF� INTELLECTUAL
PROPERTY�� PROTECTED� BY� PATENTS�� WHICH� MAY� BE� REQUIRED� TO� IMPLEMENT� THIS� 2ECOMMENDATION�� (OWEVER�
IMPLEMENTORS�ARE�CAUTIONED�THAT�THIS�MAY�NOT�REPRESENT�THE�LATEST�INFORMATION�AND�ARE�THEREFORE�STRONGLY�URGED
TO�CONSULT�THE�43"�PATENT�DATABASE�

��)45������

!LL�RIGHTS�RESERVED��.O�PART�OF�THIS�PUBLICATION�MAY�BE�REPRODUCED�OR�UTILIZED�IN�ANY�FORM�OR�BY�ANY�MEANS�
ELECTRONIC�OR�MECHANICAL��INCLUDING�PHOTOCOPYING�AND�MICROFILM��WITHOUT�PERMISSION�IN�WRITING�FROM�THE�)45�
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�'ENEVA������	

!�� )NTRODUCTION

4HIS�ANNEX�PROVIDES�THE�HIGH�LEVEL�DESCRIPTION�OF�A�REDUCED�COMPLEXITY�VERSION�OF�THE�'�����SPEECH
CODEC�� 4HIS� VERSION� IS� BIT� STREAM� INTEROPERABLE� WITH� THE� FULL� VERSION�� I�E�� A� REDUCED� COMPLEXITY
ENCODER� MAY� BE� USED� WITH� A� FULL� IMPLEMENTATION� OF� THE� DECODER�� AND� VICE� VERSA�� (OWEVER�
IMPLEMENTORS�OF�THE�CODEC�DEFINED�IN�THIS�ANNEX�SHOULD�BE�AWARE�THAT�THE�PERFORMANCE�OF�THIS�CODEC
MAY�NOT�BE�AS�GOOD�AS�THE�FULL�IMPLEMENTATION�OF�2ECOMMENDATION�'�����IN�CERTAIN�CIRCUMSTANCES�

4HE�REDUCED�COMPLEXITY�VERSION�OF�THE�CODEC�HAS�BEEN�DEVELOPED�FOR�MULTIMEDIA�SIMULTANEOUS�VOICE
AND�DATA�APPLICATIONS��ALTHOUGH�THE�USE�OF�THE�CODEC�IS�NOT�LIMITED�TO�THESE�APPLICATIONS�

4HE�DESCRIPTION�OF�THE�CODEC�IS�SIMILAR�TO�THAT�OF�THE�FULL�IMPLEMENTATION�OF�2ECOMMENDATION�'�����
4HIS� ANNEX� DESCRIBES� THE� CHANGES� TO� THE� FULL� IMPLEMENTATION� WHICH� HAVE� BEEN� MADE� IN� ORDER� TO
REDUCE� THE� CODEC� ALGORITHMIC� COMPLEXITY�� &OR� THOSE� PARTS� OF� THE� ALGORITHM� WHICH� HAVE� NOT� BEEN
CHANGED��THIS�ANNEX�REFERS�TO�THE�APPROPRIATE�SECTION�OF�THE�MAIN�2ECOMMENDATION�

!�� 'ENERAL�DESCRIPTION�OF�THE�CODEC

4HE�GENERAL�DESCRIPTION�OF�THE�CODING�DECODING�ALGORITHM�IS�SIMILAR�TO�THAT�OF�THE�FULL�VERSION��4HE
BIT�ALLOCATION�IS�THE�SAME�AS�THAT�GIVEN�IN�4ABLE���'������)T�HAS�ALSO�THE�SAME�DELAY��SPEECH�FRAME�OF
���MS� AND� LOOKAHEAD� OF� �� MS	�� 4HE� MAJOR� ALGORITHMIC� CHANGES� TO� THE� FULL� VERSION� OF
2ECOMMENDATION�'�����ARE�SUMMARIZED�BELOW�

4HE�PERCEPTUAL�WEIGHTING� FILTER� USES� THE� QUANTIZED�,0� FILTER� PARAMETERS� AND� IT� IS� GIVEN� BY
7�Z	�����Z	���Z�γ	�WITH�A�FIXED�VALUE�OF�γ��������
/PEN
LOOP�PITCH�ANALYSIS�IS�SIMPLIFIED�BY�USING�DECIMATION�WHILE�COMPUTING�THE�CORRELATIONS
OF�THE�WEIGHTED�SPEECH�

#OMPUTATION�OF�THE�IMPULSE�RESPONSE�OF�THE�WEIGHTED�SYNTHESIS�FILTER�7�Z	���Z	��COMPUTATION
OF�THE�TARGET�SIGNAL��AND�UPDATING�THE�FILTER�STATES�ARE�SIMPLIFIED�SINCE�7�Z	���Z	�IS�REDUCED�TO
����Z�γ	�
4HE� SEARCH� OF� THE� ADAPTIVE� CODEBOOK� IS� SIMPLIFIED�� 4HE� SEARCH�MAXIMIZES� THE� CORRELATION
BETWEEN� THE� PAST� EXCITATION� AND� THE� BACKWARD� FILTERED� TARGET� SIGNAL� �THE� ENERGY� OF� FILTERED
PAST�EXCITATION�IS�NOT�CONSIDERED	�

4HE�SEARCH�OF�THE�FIXED�ALGEBRAIC�CODEBOOK�IS�SIMPLIFIED��)NSTEAD�OF�THE�NESTED
LOOP�FOCUSED
SEARCH��AN�ITERATIVE�DEPTH
FIRST�TREE�SEARCH�APPROACH�IS�USED�

!T�THE�DECODER��THE�HARMONIC�POSTFILTER�IS�SIMPLIFIED�BY�USING�ONLY�INTEGER�DELAYS�

4HESE�CHANGES�ARE�DESCRIBED�IN�MORE�DETAIL�IN�!���AND�!���
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3UMMARY�OF�THE�PRINCIPLE�ROUTINES�WHICH�HAVE�BEEN�CHANGED

'�����ROUTINE�NAME '����!�ROUTINE�NAME

#ODER?�D�K���	 #ODER?�D�A���	

$ECOD?�D�K���	 $ECOD?�D�A���	

0ITCH?O����	 0ITCH?O�?FAST���	

0ITCH?FR����	 0ITCH?FR�?FAST���	

!#%,0?#ODEBOOK���	 !#%,0?#ODE?!���	

0OST���	 0OST
&ILTER���	

!���� 3PEECH�CODEC�DEFINITION

4HE�DESCRIPTION�OF�THE�REDUCED�COMPLEXITY�SPEECH�CODEC� IS�MADE� IN� TERMS�OF�BIT
EXACT�� FIXED
POINT
MATHEMATICAL�OPERATIONS��4HE�!.3)
#�CODE� INDICATED� IN�!����WHICH�CONSTITUTES�AN� INTEGRAL�PART�OF
THIS�ANNEX��REFLECTS�THIS�BIT
EXACT��FIXED
POINT�DESCRIPTIVE�APPROACH��4HE�MATHEMATICAL�DESCRIPTION�OF
THE� ENCODER� �SEE� !��	� AND� THE� DECODER� �SEE� !��	�� CAN� BE� IMPLEMENTED� IN� SEVERAL� OTHER� FASHIONS�
POSSIBLY�LEADING�TO�A�CODEC�IMPLEMENTATION�NOT�COMPLYING�WITH�THIS�ANNEX��4HEREFORE��THE�ALGORITHM
DESCRIPTION�OF�THE�!.3)
#�CODE�OF�!���SHALL�TAKE�PRECEDENCE�OVER�THE�MATHEMATICAL�DESCRIPTIONS�OF
!���AND�!���WHENEVER�DISCREPANCIES�ARE�FOUND��!�NON
EXHAUSTIVE�SET�OF�TEST�SIGNALS��WHICH�CAN�BE
USED�WITH�THE�!.3)
#�CODE��ARE�AVAILABLE�FROM�THE�)45�

!���� .OTATIONAL�CONVENTIONS

.OTATIONAL�CONVENTIONS�ARE�THE�SAME�AS�THOSE�GIVEN�IN�����'�����

!�� &UNCTIONAL�DESCRIPTION�OF�THE�ENCODER

)N�THIS�SUBCLAUSE�THE�DIFFERENT�FUNCTIONS�OF�THE�ENCODER�REPRESENTED�IN�THE�BLOCKS�OF�&IGURE���'����
ARE�DESCRIBED��4HE�MAIN�BODY�OF�THE�2ECOMMENDATION�IS�REFERRED�TO�IN�MOST�OF�THIS�SUBCLAUSE�EXCEPT
THE�PARTS�WHERE�ALGORITHMIC�SIMPLIFICATIONS�HAVE�BEEN�CARRIED�OUT�

!���� 0RE
PROCESSING

3AME�AS�����'�����

!���� ,INEAR�PREDICTION�ANALYSIS�AND�QUANTIZATION

!������ 7INDOWING�AND�AUTOCORRELATION�COMPUTATION

3AME�AS�������'�����

!������ ,EVINSON
DURBIN�ALGORITHM

3AME�AS�������'�����

!������ ,0�TO�,30�CONVERSION

3AME� AS� ������'�����WITH� SOME� SIMPLIFICATIONS�� 4HE� NUMBER� OF� POINTS� AT� WHICH� THE� POLYNOMIALS
&��Z	�AND�&��Z	�ARE�EVALUATED��IS�REDUCED�TO�����INSTEAD�OF���	��AND�THE�SIGN�CHANGE�INTERVAL�IS�DIVIDED
TWO�TIMES�INSTEAD�OF�FOUR�TIMES�FOR�TRACKING�THE�ROOT�OF�THE�POLYNOMIAL�

!������ 1UANTIZATION�OF�THE�,30�COEFFICIENTS

3AME�AS�������'�����
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!������ )NTERPOLATION�OF�THE�,30�COEFFICIENTS

3AME� AS� ������'������ BUT� ONLY� THE� QUANTIZED� ,0� COEFFICIENTS� ARE� INTERPOLATED� SINCE� THE�WEIGHTING
FILTER�USES�THE�QUANTIZED�PARAMETERS�FOR�SIMPLICITY�

!������ ,30�TO�,0�CONVERSION

3AME�AS�������'�����

!���� 0ERCEPTUAL�WEIGHTING

5NLIKE�����'������THE�PERCEPTUAL�WEIGHTING�FILTER�IS�BASED�ON�THE�QUANTIZED�,0�FILTER�COEFFICIENTS�¢I�
AND�IS�GIVEN�BY�

( ) ( )
( )7 Z
! Z

! Z
=

$

$ � γ �!��	

WITH� γ� �� ������ 4HIS� SIMPLIFIES� THE� COMBINATION� OF� SYNTHESIS� AND� WEIGHTING� FILTERS� TO
7�Z	���Z	�������Z�γ	��WHICH�REDUCES�THE�NUMBER�OF�FILTERING�OPERATIONS�WHILE�COMPUTING�THE�IMPULSE
RESPONSE�AND�THE�TARGET�SIGNAL�AND�WHILE�UPDATING�THE�FILTER�STATES��.OTE�THAT�THE�VALUE�OF�γ�IS�FIXED�TO
�����AND�THE�PROCEDURE�FOR�THE�ADAPTATION�OF�THE�FACTORS�OF�THE�PERCEPTUAL�WEIGHTING�FILTER�DESCRIBED
IN�����'�����IS�NOT�USED�IN�THIS�REDUCED�COMPLEXITY�VERSION�

4HE�WEIGHTED�SPEECH�SIGNAL�IS�NOT�USED�FOR�COMPUTING�THE�TARGET�SIGNAL�SINCE�AN�ALTERNATIVE�APPROACH
IS�USED��SEE�!����	��(OWEVER��THE�WEIGHTED�SPEECH�SIGNAL��LOW
PASS�FILTERED	�IS�USED�TO�COMPUTE�THE
OPEN
LOOP� PITCH� ESTIMATE�� 4HE� LOW
PASS� FILTERED�WEIGHTED� SPEECH� IS� FOUND� BY� FILTERING� THE� SPEECH
SIGNAL� S�N	� THROUGH� THE� FILTER� ��Z	�;��Z�γ	�L�−����Z−�	=�� &IRST� THE� COEFFICIENTS� OF� THE� FILTER
!��Z	�����Z�γ	�L�−����Z−�	�ARE�COMPUTED��THEN�THE�LOW
PASS�FILTERED�WEIGHTED�SPEECH� IN�A�SUBFRAME�IS
COMPUTED�BY�

( ) ( ) ( )3 N R N A S N I N
W I W

I

= − ′ − =
=
∑ � ������ ��
�

��

�!��	

WHERE�R�N	�IS�THE�,0�RESIDUAL�SIGNAL�GIVEN�BY�

( ) ( ) ( )R N S N A S N I N
I

I

= + − =
=
∑ $ � ������ ��
�

��

�!��	

4HE�SIGNAL�SW�N	�IS�USED�TO�FIND�AN�ESTIMATION�OF�THE�PITCH�DELAY�IN�THE�SPEECH�FRAME�

!���� /PEN
LOOP�PITCH�ANALYSIS

4O� REDUCE� THE� COMPLEXITY� OF� THE� SEARCH� FOR� THE� BEST� ADAPTIVE
CODEBOOK�DELAY�� THE� SEARCH� RANGE� IS
LIMITED� AROUND� A� CANDIDATE� DELAY� 4OP�� OBTAINED� FROM� AN� OPEN
LOOP� PITCH� ANALYSIS�� 4HIS� OPEN
LOOP
PITCH� ANALYSIS� IS� DONE�ONCE� PER� FRAME� ����MS	��4HE� OPEN
LOOP� PITCH� ESTIMATION� USES� THE� LOW
PASS
FILTERED�WEIGHTED�SPEECH�SIGNAL�SW�N	�OF�EQUATION� �!��	��AND� IS�DONE�AS� FOLLOWS�� IN� THE� FIRST� STEP���
MAXIMA�OF�THE�CORRELATION�

( ) ( ) ( )2 K S N S N K
W W

N

= −
=
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�

��

�!��	

ARE�FOUND�IN�THE�FOLLOWING�THREE�RANGES�

I����� ���������

I����� ���������
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4HE�RETAINED�MAXIMA�2�TI	��I��������������ARE�NORMALIZED�THROUGH�
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4HE�WINNER� AMONG� THE� THREE� NORMALIZED� CORRELATIONS� IS� SELECTED� BY� FAVOURING� THE� DELAYS�WITH� THE
VALUES�IN�THE�LOWER�RANGE��4HIS�IS�DONE�BY�AUGMENTING�THE�NORMALIZED�CORRELATIONS�CORRESPONDING�TO
THE�LOWER�DELAY�RANGE�IF�THEIR�DELAYS�ARE�SUBMULTIPLES�OF�THE�DELAYS�IN�THE�HIGHER�DELAY�RANGE�

.OTE�THAT�IN�COMPUTING�THE�CORRELATIONS�IN�EQUATION��!��	�ONLY�THE�EVEN�SAMPLES�ARE�USED��&URTHER��IN
THE� THIRD�DELAY� REGION� ;�������=�ONLY� THE�CORRELATIONS�AT� THE� EVEN�DELAYS� ARE� COMPUTED� IN� THE� FIRST
PASS��THEN�THE�DELAYS�AT�±�L�OF�THE�SELECTED�EVEN�DELAY�ARE�TESTED�

!���� #OMPUTATION�OF�THE�IMPULSE�RESPONSE

4HE� IMPULSE� RESPONSE�H�N	� OF� THE� WEIGHTED� SYNTHESIS� FILTER�7�Z	���Z	� IS� NEEDED� FOR� THE� SEARCH� OF
ADAPTIVE�AND�FIXED�CODEBOOKS��4HE�IMPULSE�RESPONSE�H�N	�IS�COMPUTED�FOR�EACH�SUBFRAME�BY�FILTERING
A�SIGNAL�CONSISTING�OF�A�UNIT�SAMPLE�EXTENDED�BY�ZEROS�THROUGH�THE�FILTER�����Z�γ	�

!���� #OMPUTATION�OF�THE�TARGET�SIGNAL

4HE�TARGET�SIGNAL�X�N	�FOR�THE�ADAPTIVE
CODEBOOK�SEARCH�IS�COMPUTED�BY�FILTERING�OF�THE�,0�RESIDUAL
SIGNAL�R�N	� THROUGH� THE�WEIGHTED�SYNTHESIS� FILTER����� �Z�γ	��!FTER�DETERMINING� THE�EXCITATION� FOR� THE
SUBFRAME��THE�INITIAL�STATES�OF�THIS�FILTER�ARE�UPDATED�AS�EXPLAINED�IN�!������

4HE� RESIDUAL� SIGNAL� R�N	�� WHICH� IS� NEEDED� FOR� FINDING� THE� TARGET� VECTOR� IS� ALSO� USED� IN� THE
ADAPTIVE
CODEBOOK�SEARCH�TO�EXTEND�THE�PAST�EXCITATION�BUFFER��4HE�COMPUTATION�OF�THE�,0�RESIDUAL�IS
GIVEN�IN�EQUATION��!��	�

!���� !DAPTIVE
CODEBOOK�SEARCH

4HE�ADAPTIVE
CODEBOOK�STRUCTURE�IS�THE�SAME�AS�IN�����'������)N�THE�FIRST�SUBFRAME��A�FRACTIONAL�PITCH

DELAY�4�� IS�USED�WITH�A� RESOLUTION�OF����� IN� THE� RANGE�
��
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�
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�


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
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�
� AND� INTEGERS�ONLY� IN� THE� RANGE

;�������=��&OR�THE�SECOND�SUBFRAME��A�DELAY�4��WITH�A�RESOLUTION�OF�����IS�ALWAYS�USED�IN�THE�RANGE

INT 4 INT� 	
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
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�
4

��WHERE�INT�4�	�IS�THE�INTEGER�PART�OF�THE�FRACTIONAL�PITCH�DELAY�4��OF�THE
FIRST� SUBFRAME��4HIS� RANGE� IS�ADAPTED� FOR� THE�CASES�WHERE�4�� STRADDLES� THE�BOUNDARIES�OF� THE�DELAY
RANGE�

4HE� SEARCH� BOUNDARIES� TMIN� AND� TMAX� FOR� BOTH� SUBFRAMES� ARE� DETERMINED� IN� THE� SAME� WAY� AS� IN
����'�����
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#LOSED
LOOP�PITCH�SEARCH�IS�USUALLY�PERFORMED�BY�MAXIMIZING�THE�TERM�
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WHERE� X�N	� IS� THE� TARGET� SIGNAL� AND� YK�N	� IS� THE� PAST� FILTERED� EXCITATION� AT� DELAY� K� ;PAST� EXCITATION
CONVOLVED�WITH�H�N	=�� )N�ORDER� TO�SIMPLIFY� THE�SEARCH� IN� THIS� REDUCED�COMPLEXITY�VERSION��ONLY� THE
NUMERATOR�IN�EQUATION��!��	�IS�MAXIMIZED��4HAT�IS��THE�TERM�

( ) ( ) ( ) ( ) ( )2 K X N Y N X N U N. K B K

NN
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��

�!��	

IS�MAXIMIZED��WHERE�XB�N	� IS� THE�BACKWARD� FILTERED� TARGET� SIGNAL� �CORRELATION�BETWEEN�X�N	� AND� THE
IMPULSE� RESPONSE�H�N		� AND�UK�N	� IS� THE�PAST� EXCITATION�AT� DELAY�K� �U�N�−�K		��.OTE� THAT� THE� SEARCH
RANGE�IS�LIMITED�AROUND�A�PRESELECTED�VALUE��WHICH�IS�THE�OPEN
LOOP�PITCH�4OP�FOR�THE�FIRST�SUBFRAME�
AND�4��FOR�THE�SECOND�SUBFRAME�

.OTE�THAT�IN�THE�SEARCH�STAGE��THE�SAMPLES�U�N	��N������������ARE�NOT�KNOWN��AND�THEY�ARE�NEEDED�FOR
PITCH�DELAYS�LESS�THAN�����4O�SIMPLIFY�THE�SEARCH��THE�,0�RESIDUAL�IS�COPIED�TO�U�N	�

&OR�THE�DETERMINATION�OF�4��AND�4��IF�THE�OPTIMUM�INTEGER�DELAY�IS�LESS�THAN�����THE�FRACTIONS�AROUND
THE�OPTIMUM�INTEGER�DELAY�HAVE�TO�BE�TESTED��4HE�FRACTIONAL�PITCH�SEARCH�IS�DONE�BY�INTERPOLATING�THE

PAST�EXCITATION�AT�FRACTIONS�−1

3
����AND�

1

3
��AND�SELECTING�THE�FRACTION�WHICH�MAXIMIZES�THE�CORRELATION

IN�EQUATION��!��	��4HE�INTERPOLATION�OF�THE�PAST�EXCITATION�IS�PERFORMED�USING�THE�SAME�&)2�FILTER��B���
WHICH�IS�DEFINED�IN�����'������4HE�INTERPOLATED�PAST�EXCITATION�AT�A�GIVEN�INTEGER�DELAY�K�AND�FRACTION
T�IS�GIVEN�BY�
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!������ 'ENERATION�OF�THE�ADAPTIVE
CODEBOOK�VECTOR

3AME�AS�������'�����

!������ #ODEWORD�COMPUTATION�FOR�ADAPTIVE
CODEBOOK�DELAYS

3AME�AS�������'�����

!������ #OMPUTATION�OF�THE�ADAPTIVE
CODEBOOK�GAIN

3AME�AS�������'�����

!���� &IXED�CODEBOOK� �3TRUCTURE�AND�SEARCH

4HE�STRUCTURE�OF�THE���
BIT�ALGEBRAIC�CODEBOOK�IS�THE�SAME�AS�����'�����

!������ &IXED
CODEBOOK�SEARCH�PROCEDURE

4HE�SIGNS�OF�THE�PULSES�ARE�FOUND�USING�THE�SAME�APPROACH�EXPLAINED�IN�������'������(OWEVER��THE
PULSE� POSITIONS� ARE� FOUND� USING� A� MORE� EFFICIENT� APPROACH�� )NSTEAD� OF� THE� NESTED
LOOP� SEARCH
APPROACH�� AN� ITERATIVE� DEPTH
FIRST�� TREE� SEARCH� APPROACH� IS� USED�� )N� THIS� NEW� APPROACH� A� SMALLER
NUMBER�OF�PULSE�POSITION�COMBINATIONS�IS�TESTED�AND�IT�HAS�FIXED�COMPLEXITY�



� 2ECOMMENDATION�'����� �!NNEX�!�����������	

!������ #ODEWORD�COMPUTATION�OF�THE�FIXED�CODEBOOK

3AME�AS�������'�����

!���� 1UANTIZATION�OF�THE�GAINS

3AME�AS�����'�����

!����� -EMORY�UPDATE

!N�UPDATE�OF�THE�STATES�OF�THE�WEIGHTED�SYNTHESIS�FILTER�IS�NEEDED�FOR�COMPUTING�THE�TARGET�SIGNAL�IN
THE� NEXT� SUBFRAME�� !FTER� THE� TWO� GAINS� ARE� QUANTIZED�� THE� EXCITATION� SIGNAL�� U�N	�� IN� THE� PRESENT
SUBFRAME�IS�OBTAINED�USING�

( ) ( ) ( )U N G V N G C N N
P C

= + =$ $ � ������ ��
�!��	

WHERE� $G
P
� AND� $G

C
�� ARE� THE� QUANTIZED� ADAPTIVE� AND� FIXED
CODEBOOK� GAINS�� RESPECTIVELY�� V�N	� IS� THE

ADAPTIVE
CODEBOOK� VECTOR� �INTERPOLATED� PAST� EXCITATION	�� AND� C�N	� IS� THE� FIXED
CODEBOOK� VECTOR
INCLUDING� HARMONIC� ENHANCEMENT�� 4HE� STATES� OF� THE� WEIGHTED� SYNTHESIS� FILTER� CAN� BE� UPDATED� BY
FILTERING�THE�SIGNAL�R�N	�−�U�N	��DIFFERENCE�BETWEEN�RESIDUAL�AND�EXCITATION	�THROUGH�THE�FILTER�����Z�γ	
FOR�THE����SAMPLE�SUBFRAME�AND�SAVING�THE�STATES�OF�THE�FILTER��!�SIMPLER�APPROACH��WHICH�REQUIRES�NO
FILTER�OPERATIONS��IS�AS�FOLLOWS��4HE�OUTPUT�OF�THE�FILTER�DUE�TO�THE�INPUT�R�N	�-�U�N	�IS� THE�WEIGHTED
ERROR�SIGNAL�EW�N	�WHICH�CAN�BE�FOUND�BY�

( ) ( ) ( ) ( )E N X N G Y N G Z N
W P C

= − −$ $
�!���	

WHERE�X�N	�IS�THE�TARGET�SIGNAL��Y�N	�IS�THE�FILTERED�ADAPTIVE
CODEBOOK�VECTOR�AND�Z�N	�IS�THE�FILTERED
FIXED
CODEBOOK�VECTOR��3INCE�THE�SIGNALS�X�N	��Y�N	��AND�Z�N	�ARE�AVAILABLE��THE�STATES�OF�THE�WEIGHTED
SYNTHESIS�FILTER�ARE�UPDATED�BY�COMPUTING�EW�N	�AS�IN�EQUATION��!���	�FOR�N�������������

!�� &UNCTIONAL�DESCRIPTION�OF�THE�DECODER

4HE�PRINCIPLE�OF�THE�DECODER�IS�SHOWN�IN�&IGURE���'������4HE�TRANSMITTED�PARAMETERS�ARE�THE�SAME�AS
LISTED� IN� 4ABLE� ��'������ 4HE� DECODED� PARAMETERS� ARE� USED� TO� COMPUTE� THE� RECONSTRUCTED� SPEECH
SIGNAL�� 4HIS� RECONSTRUCTED� SIGNAL� IS� ENHANCED� BY� A� POST
PROCESSING� OPERATION� CONSISTING� OF� A
POSTFILTER��A�HIGH
PASS�FILTER�AND�AN�UP�SCALING��SEE�!����	��4HE�DETAILED�SIGNAL�FLOW�DIAGRAM�OF� THE
DECODER�IS�THE�SAME�ONE�SHOWN�IN�&IGURE���'�����

4HE�ONLY�CHANGE�IN�THE�DECODER�IS�IN�THE�POSTFILTER�WHICH�IS�DESCRIBED�IN�!�����

!���� 0ARAMETER�DECODING�PROCEDURE

3AME�AS�����'�����

!���� 0OST
PROCESSING

4HE�POST
PROCESSING�IS�THE�SAME�AS�IN�����'�����EXCEPT�SOME�SIMPLIFICATION�IN�THE�ADAPTIVE�POSTFILTER�

4HE� ADAPTIVE� POSTFILTER� IS� THE� CASCADE� OF� THREE� FILTERS�� A� LONG
TERM� POSTFILTER� (P�Z	�� A� SHORT
TERM

POSTFILTER�
( )( ZF �AND�A�TILT�COMPENSATION�FILTER�(T�Z	��FOLLOWED�BY�AN�ADAPTIVE�GAIN�CONTROL�PROCEDURE�

4HE� LONG
TERM�POSTFILTER� IS�SIMPLIFIED�BY�USING�ONLY� INTEGER�DELAYS�� )N� THE�SHORT
TERM�POSTFILTER�AND
THE�TILT�COMPENSATION�FILTER��THE�GAIN�TERMS�GF�AND�GT�ARE�NOT�USED�

4HE�POSTFILTERING�PROCESS�IS�SIMILAR�TO�THAT�DESCRIBED�IN�2ECOMMENDATION�'�����WITH�THE�EXCEPTION
THAT�THE�COMPENSATION�FILTERING�IS�PERFORMED�BEFORE�SYNTHESIS�FILTERING�THROUGH�����Z�γD	�
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!������ ,ONG
TERM�POSTFILTER

4HE�LONG
TERM�POSTFILTER�IS�GIVEN�BY�
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4HE�ONLY�DIFFERENCE�FROM�������'�����IS�THAT�THE�LONG�
TERM�DELAY�4�IS�ALWAYS�AN�INTEGER�DELAY��AND�IT
IS�COMPUTED�BY�SEARCHING�THE�RANGE�;4CL�
����4CL����=��WHERE�4CL�IS�THE�INTEGER�PART�OF�THE��TRANSMITTED	
PITCH�DELAY�IN�THE�CURRENT�SUBFRAME�BOUNDED�BY�4CL�≤�����

!������ 3HORT
TERM�POSTFILTER

4HE�SHORT
TERM�POSTFILTER�IS�GIVEN�BY�
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WHERE���Z	�IS�THE�RECEIVED�QUANTIZED�,0�INVERSE�FILTER��,0�ANALYSIS�IS�NOT�DONE�AT�THE�DECODER	��AND
THE� FACTORS� γN� AND� γD� CONTROL� THE� AMOUNT� OF� SHORT
TERM� POSTFILTERING�� AND� ARE� SET� TO� γN� �� ����� AND
γD�������

4HE�ONLY�DIFFERENCE�FROM�������'�����IS�THAT�THE�GAIN�FACTOR�GF�IS�ELIMINATED�

!������ 4ILT�COMPENSATION

4HE�FILTER�(T�Z	�COMPENSATES�FOR�THE�TILT�IN�THE�SHORT
TERM�POSTFILTER�
( )( ZF �AND�IS�GIVEN�BY�

( )( Z K Z
T T

= + −� �

�γ �

�!���	

WHERE�g
T
K�

� �IS�A�TILT�FACTOR��K�
� �BEING�THE�FIRST�REFLECTION�COEFFICIENT�CALCULATED�BY�
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WHERE�
( )H NF � IS� THE� TRUNCATED� IMPULSE� RESPONSE� OF� THE� FILTER� � Z � ZN D� � 	 � � � 	γ γ �� 4HE� VALUE� OF

γT�������IS�USED�IF� K� �� < �AND�γT�IS�SET�TO�ZERO�IF� K� �� ≥ ��4HE�GAIN�FACTOR�GT�WHICH�IS�USED�IN�������'����
IS�ELIMINATED�

!������ !DAPTIVE�GAIN�CONTROL

3AME�AS�������'������4HE�ONLY�DIFFERENCE�IS�THAT�THE�GAIN�SCALING�FACTOR�'�FOR�THE�PRESENT�SUBFRAME�IS
COMPUTED�BY�
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AND�G�N	�IS�GIVEN�BY�

( ) ( )G G ' NN N= + =−�� �� � ���� � � �����

!������ (IGH
PASS�FILTERING�AND�UP
SCALING

3AME�AS�������'�����

!���� %NCODER�AND�DECODER�INITIALIZATION

3AME�AS�����'�����

!���� #ONCEALMENT�OF�FRAME�ERASURES

3AME�AS�����'�����WITH�THE�DIFFERENCE�THAT�NO�VOICING�DETECTION�IS�USED��4HE�EXCITATION�IS�ALWAYS�THE
ADDITION�OF�BOTH�ADAPTIVE�AND�FIXED�CODEBOOK�CONTRIBUTIONS�

!�� "IT
EXACT�DESCRIPTION�OF�THE�REDUCED�COMPLEXITY�#3
!#%,0�CODEC

4HE�REDUCED�COMPLEXITY�#3
!#%,0�CODEC�IS�SIMULATED�IN���
BIT�FIXED
POINT�!.3)
#�CODE�USING�THE
SAME�SET�OF�FIXED
POINT�BASIC�OPERATORS�DEFINED�IN�4ABLE����'�����

!���� 5SE�OF�THE�SIMULATION�SOFTWARE

3AME�AS�����'�����

!���� /RGANIZATION�OF�THE�SIMULATION�SOFTWARE

3AME�AS����'�����

4HE� TABLES�USED�BY� THE�SIMULATION�CODEC�ARE� FOUND� IN� THE� FILE� TAB?�D�A��C�WHICH� REPLACES� THE� FILE
TAB?�D�K��C�OF�THE�FULL�2ECOMMENDATION��4HE�DIFFERENCE�BETWEEN�THESE�TWO�FILES�IS�THAT�THE�TABLES
TAB?HUP?S�� TAB?HUP?��� AND� INTER?�� FOUND� IN� THE� FILE� TAB?�D�K�� C� ARE� REMOVED� FROM� THE� FILE
TAB?�D�A��C��!LSO��THE�TABLE�GRID�HAS�BEEN�MODIFIED�

4HE�MAIN�PROGRAMS�USE�A�LIBRARY�OF�ROUTINES�THAT�ARE�PROVIDED�IN�THE�FIXED
POINT�!.3)
#�SIMULATION�
-OST�OF�THE�ROUTINES�ARE�THE�SAME�AS�THOSE�OF�THE�FULL�2ECOMMENDATION��4HE�PRINCIPAL�ROUTINES�THAT
HAVE� BEEN� CHANGED� ARE� SUMMARIZED� IN� 4ABLE� !���� 2EFER� TO� THE� READ�ME� FILE� PROVIDED� WITH� THE
SOFTWARE�FOR�MORE�DETAILS�
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3ERIES�! /RGANIZATION�OF�THE�WORK�OF�THE�)45
4

3ERIES�" -EANS�OF�EXPRESSION

3ERIES�# 'ENERAL�TELECOMMUNICATION�STATISTICS

3ERIES�$ 'ENERAL�TARIFF�PRINCIPLES

3ERIES�% 4ELEPHONE�NETWORK�AND�)3$.

3ERIES�& .ON
TELEPHONE�TELECOMMUNICATION�SERVICES

3ERIES�' 4RANSMISSION�SYSTEMS�AND�MEDIA

3ERIES�( 4RANSMISSION�OF�NON
TELEPHONE�SIGNALS

3ERIES�) )NTEGRATED�SERVICES�DIGITAL�NETWORK

3ERIES�* 4RANSMISSION�OF�SOUND
PROGRAMME�AND�TELEVISION�SIGNALS

3ERIES�+ 0ROTECTION�AGAINST�INTERFERENCE

3ERIES�, #ONSTRUCTION��INSTALLATION�AND�PROTECTION�OF�CABLES�AND�OTHER�ELEMENTS�OF�OUTSIDE�PLANT

3ERIES�- -AINTENANCE�� INTERNATIONAL� TRANSMISSION� SYSTEMS�� TELEPHONE� CIRCUITS�� TELEGRAPHY�
FACSIMILE�AND�LEASED�CIRCUITS

3ERIES�. -AINTENANCE��INTERNATIONAL�SOUND
PROGRAMME�AND�TELEVISION�TRANSMISSION�CIRCUITS

3ERIES�/ 3PECIFICATIONS�OF�MEASURING�EQUIPMENT

3ERIES�0 4ELEPHONE�TRANSMISSION�QUALITY

3ERIES�1 3WITCHING�AND�SIGNALLING

3ERIES�2 4ELEGRAPH�TRANSMISSION

3ERIES�3 4ELEGRAPH�SERVICES�TERMINAL�EQUIPMENT

3ERIES�4 4ERMINAL�EQUIPMENTS�AND�PROTOCOLS�FOR�TELEMATIC�SERVICES

3ERIES�5 4ELEGRAPH�SWITCHING

3ERIES�6 $ATA�COMMUNICATION�OVER�THE�TELEPHONE�NETWORK

3ERIES�8 $ATA�NETWORKS�AND�OPEN�SYSTEM�COMMUNICATION

3ERIES�: 0ROGRAMMING�LANGUAGES


