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As séen in Figure 2, the encoder 204 also gerierates a residual signal by passing

- the speech signal 202 through an analysis filter 222 (also called a whitening or prediction

~error filter) "ﬂiéi_ 'is configured according to the set of coefficients.. The analysis - | :

A v;"ﬁltéf 292 may be impleriented as a finite impulse -r‘esp'o‘n'sé (FIR) filter ot an:'inﬁr_:zi’té:‘: : '}f“_‘ i
itmpulse tesponse (IIR) filter. This residual signal will typically contain perceptually 3 f
" important information of the speech frame, such as long-term structure relating to pitch, | |

- that is not represented in the filter parameters 228. Quantizer B 224 is conﬁgured o J
- calculate a quantlzed representatlon of this residual signal for output as an encoded o
j “excitation sxgnal 226. In some configurations, quantlzer B 224 mcludes a vector quan'uZer ._

. that encodes the input vector as an index to a correspondmg vector entry in a table or ,' )

. _codebook. Addltlonally or alternatively, quantizer B 224 may be configured to send orie or : o

- more parameters from which the vector may be generated dynamically at the- decoder, _

rather than retrieved from storage, as in a sparse codebook method. Such a method is used

* in coding schemies such as algebraic CELP (code-excited linear prediction) and codecs such N o
~ as 3GPP2 (Third Generation Partnership 2) EVRC (Enhanced Variable Rate Codec). In =~
some configurations, the encoded excitation signal 226 and the filter parameters 228 may ] o

be included in an encoded speech signal 106.
' It may be beneficial for the enicoder 204to generate the encoded excitation 51gnal

226 according to the same filter parameter values that will be available to the_correspondmg‘ )
decoder 208. In this manner, the resulting encoded excitation signal 226 may already = =

‘account to some extent for non-idealities in those parameter values, such as quantization

error; Accordingly, it may be beneficial to configure the analysis filter 222 using the same
coefficient values that will be available at the decoder 208. In the basic example of the
encoder 204 as illustrated in Figure 2, inverse quantizer A 218 dequantizes the filter

parameters 228. Inverse coefficient transform A 220 maps the resulting values back to a

corresponding set of coefficients. This set of coefficients is used to configure the analysis™ -

filter 222 to generate the residual sighal that is quantized by quantizer B 224.

Some implementations of the encoder 204are configured to calculate the |
“encoded excitation signal 226 by identifying one among a set of codebook vectors that best - . - i

matches the residual signal. It is noted, however, that the encoder 204may also be

implemented to calculate a quantized representation of the residual signal without actually
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generatmg the remdual 31gnal For example the encodet 204may be conﬁgured 10 uSe &' e

current set of filter parameters, for example) and to select the codebook vector associated <"

. with the generated signal that best matches the original speech 81gna1 202ina perceptually
welghted domain. | A |
R The decoder 208 may include inverse quantlzer B 230 inverse quantlzer C 236
" inverse .coefﬁment. | transform B 238 and a_synthesis filter 234. InVerse, quantlzer C ¥

. 236 dequantizes the filter parameters 228 (anLSF vector, for example), and inverse

10.

*transform' A 220 of the encoder 204). Inverse quantizer B 230 dequantizes the encoded - o
.. excitationi signal 226 to ptoduce an excitation signal 732. Based on the coefficients andthe .
" excitation signal 232, the synthesis filter 234 synthesizes a decoded speech signal 210.Tn - -

coefficient transform B 238 transforms the LSF vectorinto a setof coefficients (for example,

as described above with reference to inverse quantizer A 218 and inverse coefficient

o “other words, the synthesis filter 234 is configured to spectrally shape the excitation signal -
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232 according to the dequantized coefficients to produce the decoded speech signal 210. In
some configurations, the decoder 208 may also providethe excitation signal 232 to another

-decoder, which may usethe excitation signal 232 to derive an excitation signal of another '

frequency band (e.g., a highband). In some implementations, the decoder 208may be -

- configured to .pro'vide additional information to another decoder that relates to -‘.the
‘excitation signﬁl 232, such as spectral tilt, pitch gain and lag and speech mode.

The system of the encoder 204 and the decoder 208 is a basic example of an

analysis-by-synthesis speech codec. Codebook excitation linear prediction coding is one

popular family of analysis-by-synthesis coding.  Implementations of such codets may
perform waveform encoding of the residual, including such operations as selection of .~ =~ .
‘entries from fixed and adaptive codebooks, error minimization operations and/or perceptual

weighting operations. Other implementations of analysis-by-syithesis coding include -

mixed excitation linear prediction (MELP), algebraic CELP (ACELP), relaxation CELP

(RCELP), regular pulse excitation (RPE), multi-pulse excitation (MPE), multi-pulse CELP - .- -

- . (MP-CELP) and vector-sum excited linear prediction (VSELP) coding. Related coding o
“methods include multi-band excitation (MBE) and prototype waveform interpolation (PWI) -

~ coding. Examples of standardized analysis-by-synthesis speech codecs include the ETSI
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" {Europeat 'Teiecommuﬁications Stanidards Institute)-GSM full rate codec (GSM 06.10) -

o (WhICh uses residual excited linear prediction (RELP)), the GSM enhanced full rate COdec

L ':-‘f.;eodecs and vthe 4GVIM (Fourth-Generatlon VOCOderTM) codec (QUALCOMM Coe
' Incorporated, San Diego, Calif)). The encoder 204and corresponding decoder 208may be

Ao

- (ETSI GSM 06.60), the ITU (International Telecommumcatlon Union) standard 11 8 T
k.llObltS per second (kbps) G. 729 Amex E coder, the 1 (Intenm Standard)- 641 codecs forj'_
_1IS-136 @ tune-d1v1s1on multlple access Scheme), the GSM adaptive multlrate (GSM-AMR) o

. implemented according to any of these technologies, or any other speech coding technology |
_(whether known of to be developed) that represents a speech signal as (A) a set of - S
. »_,:parameters that describe a filter and (B) an excitation 51gnal used to drive the descnbed_"; .

ﬁlter to reproduce the speech signal.

20

25

30.

Even after the analysis filter 222 has removed the coarse spectral envelope from

__.the speech signal 202, a considerable ammount of fine harmonic structure may rerain,

especially for voiced speech. Periodic structure is related to pitch, anddifferent voiced
sounds spoken by the same speaker may have different formant structures but similar pitch-
 structures, | ' R

Coding efficiency and/or speech quality may be increased by using one or thore

| parameter values to encode charactetistics of the pitch structure. One importarit ; o .
- charactetistic of the pitch structure is the frequency of the first harmonic (also called'pthe
fundamental frequency), which is typically in the range of 60 to 400 hertz (Hz). This
~ characteristic is typically encoded as the inverse of the fundamental frequency, also called .
 the pitch lag. The pitch lag indicates the number of samples in one pitch period and may be .

encoded as one or more codebook indices. Speech signals from male speakers tend to havé

* larger pitch lags than speech signals from female speakers. _ f

Another signal characteristic telating to the pitch structure i$ periodicity, which -

indicates the strength of the harmonic structure or, in other words, the degree to which the S
 ‘signal is harinonic or non-harmonic. Two typical indicators of periodicity are zero -
- crossings and normalized a‘utocorrelation functions (NACFs). Periodicity may also be

" indicated by the pxtch gain, which is commonly encoded as a codebook gain (e.g.;

quantlzed adaptive codebook gain).




" parameters 228), and the long-terim characteristics are encoded as ‘values for parameters =

10

15.

20

25

30

-11-

The encoder 204may include ohe or more modules configured to encode the

: 'long‘-term_ harmonic structure of the speech signal 202. In some approaches to CELP -
encoding, the encoder 204includes an open-loop linear predictive coding (LPC) analysis
" module, which encodes the short-term characteristics or coarse spectral envelope, followed -, . -

by 4 closed-loop long-term prediction analysis stage, which encodes the fine pitch or[f . o
" harmonic structure. The short-term characteristics are encoded as coefficietits (e.g., filter it

such as pitch lag and pitch gain. For exariple, the encoder 204may be configured to Outpﬁt"- R

the encoded excitation signal 226 in a form that includes one or more codebook indices

"(¢.g., a fixed codebook index and an adaptive codebook index) and corresponding gain -
~ values. Calculation of this quantized representation of the residual signal (e.g., by quantizer
B 224) may include selecting such indices and calculating such values. Encoding of the

pitch structur¢ may also include interpolation of a pitch prototype waveform, ‘which

“operation may include calculating a difference between successive pitch pulses. Modeling

of the long-term structure may be disabled for frames corresponding to unvoiced speéch,
which is typically noise-like and unstructured. ' , |
Some implementations of the decoder 208may be conﬁgui'ed to output the
excitation signal 232 to another decoder (e.g., a highband decoder) after the long-term
structure (pitch or harmonic structure) has been restored. For example, such a decoder may

be configured to output the excitation signal 232 as a dequantized version of the encoded

excitation sighal 226. Of course, it is also possible to implement the decoder 208such that

the other decoder performs dequantization of the ericoded excitation signal 226 to obtain
the excitation signal 232. _
- Figure 3 is a block diagram illustrating an example of a wideband speech

encoder 342and a wideband speech decoder358.0ne or more components of the wide'téand

~ speech encoder 342 and/or the wideband speech decoder 358 may be implemented in -,

‘hardware (e.g., circuitry), software or a combination of both. The wideband speech encoder

343 and the wideband speech decoder 358 may be implemented on separate elecﬁch
devices or on the same electronic device. | _ |
i The wideband speech encoder342 includes filter bank A 344, a first band -
encoder 348 and a second band encoder 350. Filter bank A 344 is configured to filter a~
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o \mdeband speech 81gnal 340 to produce a first band 51gna1 346a (e g a narrowband 51gnal)'".._.

arid a second band signal 346b (e.g.,a hlghband signal).

The ﬁrst band encoder 348 is configured to encode the ﬁrst band s1gna1 346a to"

- produce filter parameters 352 (e.g., narrowband (NB) filter parameters) and an encoded | |

 excitation signal 354 (e.g, an encoded narrowband excitation sigrial). In Sote "
* configurations, the first band encoder 348 may produce the filter pararteters 352 and the - " |

- encoded excitation signal 354 as codebook indices of in another quantized form. In some’ . -
conﬁguratlons, the first band encoder 348 may be implemented in accordarice with tl'ie-'; Bl

R encoder 204 descnbed in connection with Figure 2. -
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- The seCond band ericoder 350 is conﬁgured to encode the second band signal "1 . o
346D (e.g., a highband signal) according to information in the encoded excitation signal
. 354 to produce second band coding parameters 356 (e.g., highband coding péraineters);i'l‘he‘ S
“second band encoder 350 may be configured to produce second band coding parameters o
356 as codebdok‘_indices or in another quantized form. One particular example of a

wideband speech encoder 342 is configured to encode thewideband speech signal 340ata

rate of about 8.55 kbp's‘, with about 7.55 kbps Being used for the filter patameters 352 and =
encoded excitation signal 354, and about 1 kbps being used for the second band coding

parameters 356.In some implementations, the filter parameters 352, the encoded excitation '

- signal 354 and the second band coding para:meters 356 may be included in an encoded

speech signal 106.

In some configurations, the second band encoder 350 may be implemented

similar to the encoder 204 described in connection with Figure 2. For example, the second

band encoder 350 may produce second band filter parameters (as part of the second band '4 o
coding parameters 356, for instance) as described in connection with t'he‘enc’;oder 204
“described in connection with Figure 2. However, the second band eicoder 350 may di_ffef‘. )
in some tespects. For example, the second band encoder 350 may include a second band S
_ excitation generator, which may generate a second band excitation signal based on the .
“encoded excitation signal 354. The second band encodér 350 may utilize the second band o .

N excitation signal to produce a synthesized second band signal and to determine a second i

band gain factor. In some configurations, the second band encoder 350 may quantize the -




e wired, optlcal or ‘Wireless transmission channel) ot for storage ‘as an encoded w1debandf-

" speech signal. In. some configurations, the wideband speech ‘encoder 342 includes a e

3 5.

 second band gain factor Accordmgly, examples of the secofid band codmg parameters 356. ’ P

include second band filter parameters and a quantized second band gam factor.

It may bé beneﬁc1al to combine the filter patameters 352, the encoded excitation

S1gnal 354and the second band codmg parameters 356into a smgle bitstrear. For example SO

it may be beneﬁcml to multiplex the encoded signals together for transmission (e g, over a : .7,-_‘.' Eae

o '.m'ultlplexe‘r (not shown) configured to combine the filter parameters 352, encoded -
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 excitation signal 354 and secondband coding parameters 356 into a multiplexed signal. The R
*filter parameters 352 the encoded excitation sighal 354 and the second band coding
g parameters 356 may be examples of parameters iricluded in an encoded speech 51gna1 106’ e
- a8 descrlbed in connectlon with Figure 1. o , | _
In soriie implementations, an electromc deV1ce that includes the w1deband d

. speech eéncoder 342may also include circuitry configured to transmit the multlplexed signal =

~ into a transmissioti channel such as a wired, optical ot wireless channel. Such an electronic

" device may also be configured to petform one or moré channel encoding operations on the .
.signal, such as error correction encoding (e.g., rate-compatible convolutional encoding) .
“and/or err‘dr detection encoding (e.g., cyclic redundancy encoding), and/or one_.Or more - R
layers of network protocol encoding (e.g., Ethernet, Transmission Control ProtOCOI/I'nte’:rnet o
‘Protocol (TCP/IP), cdma2000, etc.). |

It may be beneficial for the multiplexer to be configured to embed the ﬁlter
parameters 352and the encoded excitation signal 354 as a separable substream of the

~ multiplexed signal, such that the filter parameters 352 and encoded excitation signal -
~ '354may be recovered and decoded independently of another portion of the multiplexed
25

signal such as a highband and/or lowband signal. For example, the multiplexed signal may

be arranged such that the filter parameters 352 and encoded excitation signal 354may be

~ recovered by stripping away the second band coding parameters 356. One 'poteriitial(
iadvantage of such a feature is to avoid the need for transcoding the second band "coding- S
_parameters 356before passing it to a system that supports decoding of the filter parameters B _
'352 and encoded excitation signal 354but does not support decodmg of the second band o

‘coding parameters 356.




o S1gnal) based on the encoded excitation signal 354, to produce a decoded second band : L
- slgnal 362b (e g., a decoded highband signal). In this example the first band decoder 360 is
| configured to proVrde the excitation signal 364 to the second band decoder 366. The ﬁlter“‘. o
- bank 368 is configured to combine the decoded first band signal‘362a and the dec‘ode'd"
second band signal 362b to produce a decoded wideband speech signal370. -
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: | ~ The wideband speech decoder 358 may inelude a first band decoder 360, a -
‘second band decoder 366 and filter bank B 368. The first band decoder 360 (e.g.; a I
- harrowband. decoder) is conﬁgured to decode the filter parameters 352 and encoded X
| excitation srgnal 35410 produce a decoded first band signal 362a (eg,a decoded.-
 nartowband srgnal) The second band decoder 366 is cOnﬁgured to decode. the second band £

. codmg parameters 356 according to an excitation s1gna1 364 (e.g,a narrowband excitation : )

Some implementations of the wideband speech decoder 358 may in'clude_ a

- demultiplexer (not shown) configured to produce the filter parameters 352, the encoded
* excitation sigrial 354 and the second band coding parameters 356from a multiplexed signal.

. An electronic device including the wideband speech decoder 358 may include circﬁitry .'j L
configured to receive the multiplexed signal from a transmission channel such as a wired, =
‘optical or wireless channel. Such an electronic device may also be configured to perfotm
 one or more channel decoding operations on the signal, such as error correction decoding
(e.g., rate-comipatible convolutional decoding) and/or ertor detection decoding (e.g., cyclic B |

-redundancy decoding), and/or one or more layers of network protocol decoding (e.g.,

Ethernet, TCP/IP, cdma2000).

' Filter bank A 344 in the wideband speech encoder 342is configured to filter an
input signal according to a split-band scheme to produce a first band signal 346a (e.g., a
narrowband or low-frequency subband signal) and a second band signal 346b (e.g., a

highband or high-frequency subband signal). Depending on the design criteria for. the ;
particular application, the output subbands may have equal or unequal bandwidths and may
" be overlapping or nonoverlapping. A configuration of filter bank A 344that produces more
-~ than two subbands is also possible. For example, filter bank A 344may be configured to

produce one or more lowband signals that include components in a frequericy range below

_ that of the first band sighal 346a (such as the range of 50-300 hertz (Hz), for example). It is I |

also possible for filter bank A 344to be configured to produce one or moré additional
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5 hxghband sxgnals that include components ina frequency range above that of the second .
" “‘rband s1gnal 346b (such as a range of 14-20, 16-20 or 16-32 kilohertz (kHz), for example)
In such a configuration, the wideband speech encoder 342may be n’nplemented to encode
~the signal or signals separately and a multiplexer may be configured to include the
“additional ‘encoded 31gnal or signals in a multiplexed signal (as one or more separablei o
L»_:-portlons, for example). | o
| ' Flgure 4 i isa block dlagram 1llustrat1ng a more Spec1ﬁc example of an encoder'__'.:_ ; :f :

404 In partlcular Flgure 4 illustrates aCELPanalyms—by-synthems architecture for low bltg', s |
- rate speech encodmg. In this example, the encoder 404 includes a framing a preprocessing .T o

‘module 472, an analysis module 476, a coefficient transform 478, a quantizer_-480,‘ a .

" module 492 and an excitation estimation module 494. It should be noted that the eﬁcedef{:.'_j';f

-:-404 and one or more of the components of the encoder 404 may be unplemented m:...v : D

- 'hardware (e.g., circuitry), software ora combination of both.

T150
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The speech signal 402 (e g., input speech s) may be an electromc 51gnal that"

contains speech information. For example, an acoustic speech signal may be captured by a

microphone and sampled to produce the speech signal 402. In some configurations, the -

“speech signal 402 may be sampled at 16 kHz. The speech signal 402 may comprise a range .

- of frequencies as described above in connection with Flgure 1.

The speech signal 402 may be provided to the framing and preprocessing
module 472. The framing and preprocessing module 472 may divide the speech s1gna1 402

into a series of frames. Each frame may be a particular time period. For example, each

frame may correspond to 20 ms of the speech sighal 402. The framing and preprocessing
“ module 472 may perform other operations on the speech signal, such as filtering (e.g., one . - -

~or more of low-pass, high-pass and band-pass filtering). Accordingly, the framing. and

preprocessing module 472 may produce a preprocessed speech signal 474 (e.g., S(l) wheré
/ is a sample number) based on the speech signal 402.

The analysis module 476 may determine a set of coefficients (e.g., lineat
| 'b"prediction analysis filter A(z)). For example, the analysis module 476 may encode the
- spectral envelope of the preprocessed speech signal 474 as a set of coefficients as described.

_in tonnection with Figure 2.
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The coefficients mey be provided to the coefficient transfoﬁﬁ 478. ‘The i
coefficient trafisform 478 transforms the set of coefficients into a corresponding LSF 1_':' 4
- vector(e.g., LSFs, LSPs, ISFs ISPs, etc.) as described aboveincoﬁnectionwithFi'gurei o
' The LSF vector is provided to the quantizer 480. The quantlzer 480 quantlzes - o
the LSF vector into a quantlzed LSF vector 482. For example the quantlzer 480 may:'i_‘: o

' some conﬁgﬁrations; LSF vectors may be generate-d and/or quantized on a subframe basis. |
In these conﬁguraﬁons only quantized LSF vectors corr‘esponding to certain subfra'me's o
(e.g., the last or end subframe of each fratm) may be sent to a speech decodér. In these . I

-'conﬁguratlons, the quantizer 480 may also determme a quantlzed welghtmg vector e

“LSF vectors. cotresponding to the subframes that are sent. The weighting vectors may be

quantized. For example, the quantizer 480 may determine an index of a codebook or lookup -

table corresponding to a weighting vector that best matches the actual weighting veetor.

* The quantized weighting vectors 441 (e.g., the indices) may be sent to a speech decoder.: -
" The quantized weighting vector 441 and the quantized LSF vector 482 may be examples of -

the filter parameters 228 described above in connection with Figure 2.

The quantizer 480 may produce a prediction mode indicator 481 that mdxcates' ;

the prediction mode for each frame. The prediction mode indicator 481 may be sent to a

decoder. In some configurations, the prediction mode indicator 481 may indicate one of -

two prediction modes (e.g., whether predictive quantization or non-predictive quantization

whether a frame is quantized based on a foregoing frame (e.g., predictive) or not (e.g., non-
predictive). The prediction mode indicator 481 may indicate the prediction mode of the

current frame. In some configurations, the prediction mode indicator 481 may be a bit that

" is sent to a decoder that indicates whether the frame is quantized with predictive or non-

" predictive quantization.

The quartized LSF vector 482is prov1ded to the syrthesis filter 484. The =

. IS'ynﬂ-lesis filter 484 produces a synthesized speech signal 486 (e.g., reconstructed speech - -

§(I), where [ is a sample number)based on the LSF vector 482 (e.g., quantized coefficients)
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- arid an excitation signal 496. For example, the synthems filter 484 filters the exc1tat10n

51gnal 496 based on the quantized LSF vector482 (e.g., 1/4(2)).

error signal). The error signal 490 is provided to the perceptual Welghtmg filter and error
i} mlmmxzatlon module 492.

The perceptual weighting filter and error minimization module 492 produces a -

- components (€. g frequency components) of the error signal 490 impact the perceptual S
quality of a synthesized speech signal equally. Error in some frequency bands has a larger"

impact on the speech quality than error in other frequency bands. The perceptual weighting

filter and error minimization module 492 may produce a weighted error signal 493 -that

reduces error in frequency components with a greater impact on speech -quality and

distributes more error in other frequenicy components with a lesser impact on speech

quality.

| The excitation estimation module 494 generates an excitation signal 496and an

encoded excitation signal 498 based on the output of the perceptual weighting filter and |

error minimization module 492. For example, the excitation estimation module 494
estimates one or more parameters that characterize thie error signal 490 (e.g., the weightcd
error signal 493). The encoded excitation signal 498 may include the one or more
parameters and may be sent to a decoder. In @ CELP approach, for example, the excitation
estimation module 494 may determine parameters such as an adaptive (or pitch) codebook
index, an adaptive (or pitch) codebook gain, a fixed codebook index and a fixed codebook

gain that characterize the error signal 490 (e.g., the weighted error signal 493). Based on

these parameters, the excitation estimation module 494 may generate the excitation signal -

496, which is provided to the synthesis filter 484. In this approach, the adaptive codebook

/index, the adaptive codebook gain (e.g., a quantized adaptive codebook gain), a fixed

codebook index and a fixed codebook gain (e.g., a quantized fixed codebook gain) may be

 sent to a decoder as the encoded excitation signal 498.
The encoded excitation signal 498 may be an example of the encoded excitation

signal 226 described above in connection with Figure 2. Accordingly, the quantized

- The synthesized speech 51gnal 486 is subtracted from the preprocessed speech o "':
_ mgnal 474 by the summer 488 to yield anerror signal 490 (also referred to as 4 predlctlon IR

. -welghted etror signal 493 based on the error signal 490. For examPle, not all of the -
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w*éiéhﬁng veétdf 441, the quantized LSF vector 482, the encoded excitation sigtial

. 503 may octupy a titme period of 20 ms and may include 4 subframes, though frames of " .
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: 498and/or the predlctlon mode indicator 481 may be mcluded in an encoded speECh 51g’hal SRR
© 106 as descrfbed abOVe in connection with Figure 1 " -
. Flgure Sisa dlagram illustrating an example of frames 503 over time 501 Each L :"" R
frame 503 is divided into a number of subframes 505.In the exanmle 1llustrated in Flgure 5. , E ‘:
R previous. frame A 563a_ includes 4 subframes 5054-d, _“previous frame B 503b includes 4 3
+ " subframes 505¢-h and current frame C 503c includes 4 subframesS0Si-l. A typical frame + -

- different léhg‘th’s’ and/or different riurnbers of subframes may be used. Each frame majy ‘be" o N
. denoted with a correspondmg frame numbet, where » denotes a current frame (e.g., curtent - c
T frame C 5 03¢). Futthermore, each subframe may be denoted with a corresponding subframe' L Lo
= :numberk ' ' '

L Flgure 5 can be used to illustrate one example of LSF quantlzatlon inan - .

_ encoder Each subframe k in frame rhas a cortespondingL SFvector x,,, k=1,2,3, 4} for__l' S

use in the analysis and synthesis filters. Acurrent frame end LSF vector 5_27 (e.g., the

lastsubframeLSFvector of the n-th frame)is denoted xZ, where x = xji . A current frame

" tnid LSF vectot 525 (.g., the mid LSF vector of the n-th frame) is denoted x A “mid .
- LSF vector” is an LSF vector between other LSF vectors (e.g., between x°_; andxf) in - o

.time 501. One example of a previous frame end LSF vector 523 is illustrated in Figure 5 -

and is denoted xn 1> Where x;_l = xﬁ_l . As used herein, the term “previous frame” may’

. refer to any frame before a current frame (e.g., n-1, n-2, n-3, etc.). Accordingly, a “pfevi‘ous :

 frame end LSF vector” may be an end LSF vector corresponding to any frame before the g R

current frame. In the exémple illustrated in Figure 5, the previous frame end LSF vector -

523 corresponds to the last subframe 505h of previous frame B 503b (e.g., frame 7-1),

- - which unmedlately precedes current frame C 503¢ (e.g., frame n). }
Each LSFvector is M dimensional, where éach dimension of the LSF vector o
~ ‘corresponds to a single LSF dimension or value. For example,M is typically 16 for R
30: . o
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wideband speech (e.g., speech sambled at 16kHz). The i-th LSF dimension of the k-th

 subframe of frame »is denoted as x£,,, wherei = {1, 2, ..., M}.
| In ‘Fhe quantization process of frame », the‘e'nd LSFvector x& may b:e,quantiizéé‘i i P
: first. This 'qlizt:ﬁti'zar‘tion can either be ndn-p.redic'tive"‘('e-.'g'., no pfeviousLSF veCtor_xs_l" is.
ﬁéed in thequantlzatlon process) or predictivé (e.g., tlnié'ﬁfeviOusLSFyectbr x5 is used m -
3 _thé quantization process). A mid LSF vector xmay then be qué.mtized.. For e’xamplé, an '

10 : encoder may selecta weighting vector such that x{f’n is as provided in Equation (1).

oumo_ e e ey
Xi,n = Win " Xin +(1—Wi,n)'x,-,n.-1 1 -

The i-thdimension of the weighting vector w,, corresponds to a single weight and -

| is denoted by w;,, where i= {1, 2,... M } Jt should also bé noted that W; pis not'

constrained. In particular, if 0<w; , <1yields a value bounded byx;,and x{ _,and -~ " -

Wi p < 0or Wi n >1, the resulting mid LSF vector x,’ might be outsidethe range [x,-f n

xlf’: n-1]-Anencoder may determine (e.g., select)a weighting vector w, such that: the B

quantized mid LSFvector is closest to the actual mid LSF vectorin the encoder based on
'some distortion measure, such as mean squared error (MSE) or log spectral distoxjtioil :

(LSD). In the quantization process, the encoder transmits the quantization indices of the

~ end LSFvector xj, and the index of the weighting vector w,, which enables a decoder to

reconstruct x; and xj .

k

The subframeLSF vectors x, are interpolated based on xie’ el x,{"n and x{,.

using interpolation factors a; and §; as given by Equation (2).

x,’f=ak-x,i+-ﬂk-x,e‘_1+(1-ak_"ﬂk)'xr? (2)

It should be noted that a and B are such that0 < (@, B ) <1. The interpolation factors-

aj and S may be predeterminedvalues known to both the encoder and decoder.
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- , Frgure 6 is a flow diagram illustrating ‘one conﬁguratlon of a method 600 for L
- "encoding a speech signal by an encoder 404. For examiple, an electronic device mcludmg an ' L
encoder 404 may perform the method 600 Figure 6 1llustrates LSF quantizing procedures ‘
i for a current franm n. ' 8

The- encoder 404may obtain 602 4 prevmus frame quantrzed end LSF vector

. frate (e g o X, l) by selecting a codebook vector that is closost to the end LSF vector:_f :

» corresponding to,_the previous frame n - 1.
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The encoder 404 quantizes 604the current frame end LSF vector based on the previous

frame end LSF vector if predictive LSF quantization is used. However quantizing 604 the

* cutrent frame LSF vector is not based on the previous frame end LSF vector if non-' N

: predictive quantlzatron is used for the cutrent frame ehd LSF vector

The encoder 404 may quantize 606 4 current frame mld LSF vector (e g., x,, "

| by deterrnining‘ a weighting vector (e.g., w,,). For example, the encoder 404 may selécta -

weighting vector that results in a quantized mid LSF vector that is closest to the actual mid

- LSF vector. As illustrated in Equation (1), the quantized mid LSF vector may be based on |
the weighting vector, the previous frame end LSF vettor and the current frame end LSF .

vector.

" The encoder 404 may send 608 a quantized current frame end LSF vector and

the weighting vector to a decoder. For example, the encoder 404 may provide the current

frame end LSF vector and the weighting vector to a transmitter on an electronic device,

which may transmit them to a decoder on another electronic device.
Figure 7 is a diagram illustrating an example of LSF vectordetermination. .

Figure 7 illustrates previous frame A 703a (e.g., frame n-1) and current frame B 703b (e.g.,

- frame n) over time 701. In this example, speech samples are weighted using Weighti'ng"-

filters and are then used for LSF vectordetermination (e.g., computation). First, a weightirig

filter at the encoder 404 is used to determine 707 a previous frame end LSF vector g,

Ax"z_l). Second, a weighting filter at the encoder 404 is used to determine 709 a current

The encoder 404 may quantize 604 a current frame end LSF vector (e.g., xg). .



e frdr’ne éﬁd LSF VeCtOf g, n) Thlrd a welghtmg ﬁlter at the encoder 404 is used to:-‘ SRR
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* deterting 711 (e g., compute) a current frame mid LSF vectot (e g, x,'," ). -

. ,extrapolatlon The horizontal axis in example A 821a illustrates frequency in Hz 819a ah d o :
‘the honzontal axis-in example B 821b also illustrates frequency in Hz 819b. In partlcular s

several LSF dimensions are represented in the freq‘uency domam in Figure 8. However 1t' e

. should be noted that there are multiple ways of representing an. LSF dlmensmn (e. g ,'
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'frequency, angle, value, etc.). Accordingly, the honzontal axes 819a-b in example A 821a

and example B 821a could be described in terms of othet units.

Example A 821a illustrates an interpolation casé that considers a ﬁrst dlmensmﬁf

~-of an LSF vector As described above, an LSF dimension refets to a single LSF dimension = - S

' ':or value of ani LSF vector. Specifically, exammple A 821a illustrates a previous frame end

- LSF dlmenswn 813a(e g, x1 1) @ 500 Hz and a current frame end LSF dimension (e g oo ;
15

X Ln) 817a at 800 Hz. In example A 82la, a first weight (e.g., a first dimension of a

‘weighting vector wn or w, , ) may be used to quantize and indicate a mid LSF dimension
(e-g., x{",) 815a of a current frame mid LSF vector between the previous frame end LSF T
ditension (e.g., x{,_;) 813a and the current frame end LSF dimension (e.g., % ,)817ain e

frequency 819a. For instance, if wy , =05 x =800and xf, =500, then

X = Wy P+ (1 -w, n) x{ 1 =650 as illustrated ih example A 821a.

Exé.t‘nple B 821b illustrates an extrapolation case that considers a first LSF -

dimension of an LSF vector. Specifically, example B 821billustrates a previous frame end '

'LSF dimension (e.g., xf 'n—l-) 813b at 500 Hz and a current frame ¢énd LSF dimension (e.g,

"Xf ) 817b at 800 Hz. In example B 821b, a first weight (e.g., a first dimension of 2 =

weighting vector w,or w; ) may be used to quantize and indicate 4 mid LSF dimension

Flgure 8 includes two d1agrams illustrating examples of LSF mterpolatlon and N o '




st =800 and x =500, then-{'_"it"?f._":-'5“'

-9 .

(e-g., xl';”,,) 815b of a cufrent frathe mid LSF vector that does not li¢ between the p'revicms‘ '

ﬁame end LSF dimension (e.g., Jél 1) 813b and the curfent fra.me end LSF d1mens1on .-:'-5' '

: (e g, x1 ,,) 817b in frequency 8 19b As 111ustrated in example B 821b for mstancc 1f ' i

—[2*x1n]+[(1 2)*x1n 11=>2-800+(~ ) 500=1100.

 Figure 9 is a flow diagram illustrating one conﬁguratlon of a method 900 for;':'.. .

ideCodmg an encoded speech sxgnal by adecoder. For example, an electromc de'v1ce :

- including a decoder may perform the method 900. -
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The decoder may obtain 902 a previous frame dequantized end LSF vector (e g, RN

xi_AI). F or examplc, the decoder may retrieve a dequantlzed end LSF Vector corrcspondmg‘
to a previous frame that has been previously decoded (or estimated, in the case of a fr;amcl N

érasure). : - . - o

The decoder may dequantize 904 a current frame end LSF vector (g, x8)For . . -

example, the decoder may dequantize 904 the curtent frame end LSF. vector by looking up
the current frame LSF vectot in a codebook or table based on a received LSF vector index.

The decoder may determine 906 a current frame mid LSF vector (e.g., x,’,") |

" based on a weighting vector (e.g., w,). For exaﬁxple, the decoder may receive:‘the .

weighting vector from an encoder. Thé decoder may then determine 906 the current ﬁ}ame o )

mid LSF vector based on the previous frame end LSF vector, the current frame end LSF °

 vector and the weighting vector as illustrated in Equation (1).As described above, each LSF

vector may have Mdimensions or LSF dimensions (e.g., 16 LSF dimensions). There shou.ldv '
be a minimum separation between two or more of the LSF dimensionsin the LSF vector in

order for the LSF vector to be stable. Howevet, if there are multiple LSF dimensions

clustered with only the minimum separation, then there is a substantial likelihood of an -

unstable LSF vectot.As described above, the decoder may reorder the LSF vector in cases
where there is less than the minimum separation between two or more of the LSF - -

dimensions in the LSF vector.
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. The approach described in connection with Figures 4-9 for weighting .and

interpolation _a'nd/dr extrapolationof LSF vectors operates well under clean chanhriel
~ conditions (without frame erasures and/or transmission errors). However, this approach
* may have some serious issues when one or more frame erasures occut. An erased frame is a -

frame that is not received or that is incorrectly received with errors by a decoder. For ~ * - -

'~ éxample, 4 frame is an erased frame if an encoded speech signal correspondmg to the frame- '

10

15 .
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- -’isnot reeelved or is 1ncorrectly rece1ved with errors.

" An example of frame erasure is given hereafter with reference to Figure

5.Assurii¢ that previous frame B 503b is an erased frame (e.g., frame n-1 is lost). In this

instance, a decoder estimates the lost end LSF vector (denoted i:_l) and mid LSF

“vector(denoted %, ) based on previous frame A 503a (e.g., frame #-2). Also assume jthat

framen is correctly received. The decodermay useEquation (1) to compute the current

frame rmd LSFvector 525 based on%;_jand xi,.In 4 case where a particular LSF
di‘mensior‘y'(e.g., dimension j) of x,; is extrapolated, there is a possibility that the LSF
dimension is placed well outside the LSF dimension frequencies used in the extrapolation

process (e.g., x, N> max( ))m the encoder.

1n1’

The LSF dimensions in each LSF vector may be ordered such that
X', +A<x), +A<.. . <xJy,, where A is a minimum separation (e.g., frequency

eeparati'on) between two consecutive LSF dimensions. As described above, if a certain LSF

~ dimensionyj(e. g denoted x 2 )sis extrapolated erroneously such that it is significantly

larger than the correct value, the subsequent LSF dimensions x” [T +2 s -+ MAY be
recomputed  asx}, +A,x7,+2A,..., even though they ~are computedas
x™ o x™, < x nin the decoder. For example although the recomputed LSF

J+Ln> % j+2.n°
dimensions J» j+1, ¢tc., may be smallerthan the LSF dimension j, they may be recomputed
to be x;-’f,,‘ +4, x7, +2A, ...due to the imposed ordering structure. This creates an LSF

vector that has two or more LSF dimensions placed next to each other with the minimum -
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allowed distanice. Two ot more LSF dimensions sepéfated by only the minimum sepa'rztti'on__ ERVSRE

 tnay be referred to as “clustered LSF dimensions.”The clustered LSF dimensjorismay result i

in unstable LSF dimensions (e.g., unstable subframe LSF dimensiotis) and/or unistable LSF'_ .

B vectors Unstable LSF dimensions correspond to coefﬁments of a synthesm ﬁlter that can | -
* resultina speech artifact. '

In a strict sense, a ﬁlter may be unstable 1f it has at least one pole on orout51de": -

the umt circle. In the context of speech coding and as used herem, the terms “unstable” and: -

“instability” are used in a broader sense. For example, an “unstable LSF dimension” is any .

attifact For example, unstable LSF dimensioris may not necessarily correspond to poles on o R

ot outside of the unit citcle, but may be “unstable” if their values are too close to each = - -

other. This is because LSF dimensionsthat are placed too close to each other may specify .

| poles in a Asynthesis filter that has highly resonant filter resporises in sorne frequenéies that

produce speech artifacts. For instance, an unstable quantized LSF dimension may specify a -

pole placement for a synthesis filter that can result in an undesired energy inc:easé.'

Typically, LSF dimensionseparation may be maintained around 0.01*z for LSF

dimensions reptresented in terms of angles between 0 and 7 .As used herein, an “un'stable_
LSF vector” is a vector that includes one or more unstable LSF dimensions. Furthermore,
an “unstable synthesis filter” is a synthesis filter with one or more coefficients (e.g., pofes) |
corresponding to one or more unstable LSF dimensions. |
Figure 10 is a diagram illustrating one example ofclustered LSF dimensions
1029.The LSF dimensions are illustrated in frequency 1019 in Hz, though it should be
noted that the LSF dimensions could be alternatively characterized in other units. The LSF

dimensions (e.g., xl':'n 1031a, xé”n 1031b and xé"n 1031c) are examples of LSF

dimensions included in a current frame mid LSF vector after estimation and reordering. In a

previous erased frame, for example, a decoder estimates the first LSFdimension of the
| previous frame end LSF vector (e.g., x{ ,,_; ), Which is likely incorrect. In this case, the fifst -
" LSF dimension of the current frame mid LSF vector (e.g., X[, 1031a) is also likely

~ incorrect.




- frame rmd LSF vector (eg., x2 ”  1031b). As described above, each successive LSF '_

225 -

'Th-e decoder may attempt to reorder the next LSF dimension of the current * ©

dunensmn in an LSF vector may be tequired to be greater than the previous element For‘ o

example x2 1031b must be greater than xl n 1031a. Thus, a decoder may place it wnh a.

. minimum sep’aration (e.gl, A) from x{%, 1031a. More sp'eciﬁcal'ly, X =X A

o :Accordlngly, there may be multlple LSF dimensions(e.g., xl ” . 1031a, x2 103 lb and x3
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N B 103lc) with the m1n1mum separatxon (e.g., A=100 Hz), as illustrated in Flgure 10. Thus o
C10 AP
' ' ;xl,n 1031a, .x2 1031b and x3 - 1031c are an example of clustered LSF dlmensmns';_
1029. Clustered LSF dimensions may result in an unstable synthesis filter, which in turn ,' co
-may produce speech artifacts in the synthesized speech. o

- LSF dimensions.More specifically, the graph illustrates an example of artifacts 1135 ina
-~ decoded épe'ei:ll signal (e.g., synthesized speech) that result from clustered LSF dimensions
. beirig applied to a synthesis filter. The horizontal axis of the graph is illustrated in time

1101 (e.g., seconds) and the vertical axis of the graph is illustrated in amplitude 1133 (e. g,

~ a number, a value). The amplitude 1133 may be a number represented in bits. In some
-configurations, 16 bits may be utilized to represent samples of a speech signal ranging in ,
value between -32768 to 32767, which corresponds to a range (e.g., a value between -1 and =

+1 in floating point). It should be noted that the amplitude 1133 may be represented
differently based on the implementation. In some examples, the value of the amplitude

1133 may correspond to an electromagnetic signal characterized by voltage (in volts)

and/or current (in amps).
Interpolation and/or extrapolation of LSF vectors between current and pre\:IiOUS _

frame LSF vectors on a subframe basis are known in speech coding systems. Under erased

frame conditions as described in connection with Figures 10 and 11, LSF interpolation. )
and/or extrapolation schemes can generate unstable LSF vectors for certain subframes,

‘which can result in annoying artifacts in the synthesized speech. The attifacts occur more

Figure 11is a graph illustrating an example of artifacts 1135 due to clustered o
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SR frequently When predlctlve quantization techniques it add1t10n to nOn-predlcuve techmques L

" are used for LSF quantization. -

.-

Using an increased number of bits for error protectlon and usitig non»predlctlve -

' f_quantlzatlon to avoid error propagation are common ways to address the issue. HOWever ;

L predlctlve quantlzatlon may reduce the speech quallty in clean channel conditions (W1thout : o SO

| mtroductlon of additional bits is not possible under bit constrained coders and use of n0n~ S

s " Eerased frames for example).

10

The systems and methods disclosed herem may be utlhzed for n’utlga"tmg e o

_potential frame instability. For instance, some configuratioris of the systems and methods -

disclosed herein may be applied to mitigate the speech coding artifacts due to frame

-instability resulting from predictive quantization and inter-frame interpolation and
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- -extrapolation of LSF vectors under an impaired channel. » _ _ 5
» Figure 12 is a block diagram illustrating one configuration of an electronic =~ . -
" device 1237 configured formitigating potential frame instability. The electronic de'ine’ SR

1237 includes a decoder 1208. One or more of the decoders described above may be

irnplemg:nted in accordance with the decoder 1208 described in connection with Figuire

~ 12.The electronic device 1237 also includes an erased frame detector 1243. The erased
frame detector 1243 may be implemented separately from the decoder 1208 or may be -

implemented in the decoder 1208. The erased frame detector 1243 detects an erased ﬁam_e“ :

(e.g., a frame that is not received or is received with errors) and may provide an erased

~ frame indicator 1267 when an erased frame is detected. For example, the erased frame

detector 1243 may detect an erased frame based on one or more of a hash function,
checksum, repetition code, parity bit(s), cyclic redundancy check (CRC), etc. It should be

noted that one or more of the components included in the electronic device 1237 and/or |

"decdder 1208 may be implemented in hardware (e.g., circuitry), software or a combination

“of both. One or more of the linés or arrows illustrated in block diagrams her¢in may

indicate couplings (e.g., connections) between components or elements.

The decoder 1208 produces a decoded speech signal 1259 (e.g;, a synthesized -

- speech signal) based on received parameters. Examples of the received parameters include.

30

quantized LSF vectors 1282, quantized weighting vectors 1241, a prediction miode indicator
1281 and an encoded excitation signal 1298.The decoder 1208 includes one or more of
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A inverse quahﬁzerA 1245, an interpolation module 1249, an inverse ccefﬁcient_transfom," .

. 1253, a synthesis filter 1257, a frame parameter determination module 1261, a weighting |

. only include quantlzed end LSF vectorsthat correspond to the last subframe of each S
ST

15

‘value substitution module 1265, a stability determination module 1269 and inveise - ‘_-‘._‘ e
_QuantlzerB1273 | _ . o S " BN
Z . The decoder 1208 receives quantlzed LSF vectors1282 (e. g quantlzed LSFs N
| LsPs, ISFs, ISPs, PARCOR coefficients, reflection coefficients or log-area-ratio values) SRR

and quantized weighting vectors 1241. The teceived quantized LSF vectors 1282 may

corréspond to a subset of subframes. For example, the quantized LSF vectors 1282 may

_'__frame In sothe configurations, the quantized ~LSF vectors 1282 may _be S
' indicescorresponding to a look up table or codebook. 'Additionally o‘f. altefhatii'ely,: the

" quantizéd weighting vectors 1241 may be indices corresponding to a look up table or.
~codebook. B

The electronic device 1237 and/or the decoder 1208 may receive the prediction

mode indicator 1281 from an encoder. As desctibed above, the prediction mode indicator R ‘

1281 indicates a prediction mode for each frame. For example, the prediction mode

indicator 1281 may indicate one of two or more prediction modes for a frame. More . .~

" 'specifically, the prediction mode indicator 1281 may indicate whether predictive

20

25

quantization or non-predictive quantization is utilized.
When a frame is correctly received, inverse quantizer A 1245 dequantizes the

received quantized LSF vectors 1282 to produce dequantized LSF vectors 1247. For

- example, inverse quantizer A 1245 may look up dequantized LSF vectors 1247 based on

indices (e.g., the quantized LSF vectors 1282)corresponiding to a look up table or
codebook.Dequantizing the quantizéd LSF vectors 1282 may also be based on the
prediction mode indicator 1281. The dequantized LSF vectors 1247 may correspond to a

subset of subframes (e.g., end LSF vectors x, corresponding to the last subframe of each

frame).Furthermore, inverse quantizer A 1245 dequantizes the quantized weighting vectors
"1241 to produce dequantized weighting vectors 1239. For example, inverse quantizer A

- 1245 may look up dequantized weighting vectors 1239 based on indices (e.g., the quantized
30 -

weighting vectors 1241) corresponding to a look up table or codebook.




ii,;;f'\RELATED APPLICATIONS =~ o secaiE
L Thls apphcatlon is related to and claims’ pnonty to U S Prov151o'al Patent }_
_'ﬂ_;»-»';f"f'Apphcauon Seial No. 61/767,431 filed February 21, 2013, for “SYSTEMS AND = = 7o

. METHODS FOR CORRECTING A POTENTIAL LINE SPECTRAL FREQUENCY‘:':"-",,:

S :INSTABILITY »

10

SYSTEMS AND METHODS FOR MITIGATING POTENTIAL FRAME Vs
INSTABILITY BRI P3 2'._'} o

TECHNICALFIELD - T ::;

the present disclosure relates to systems and methods for mltlgatmg potentlaloframe'-
1nstab1hty ' =

15

"~ BACKGROUND

In the last several decades, the use of electronic devices has becomé comimon. In ’
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The present disclosure relates generally to electronic deV1ces More specﬁgcall}g o e

i -

/
i
H

i

particular, advances in electronic technology have reduced the cost of iri¢reasingly complex

~ and useful electronic devices. Cost reduction and consumer detnand have proliferated the - "_ S

use of electronic devices such that they are practically ubiquitous in modern society. As the S

use of electronic devices has expanded, so has the derhiand for new and iritproved feattwres - PECE

Some electronic devices (e.g., cellular phones, smartphones, audio recorders,

camcorders, computers, etc.)utilize audio signals. These electronic devices may éncode, ... :

- store and/or transmit the audio signals. For example, a smartphone may’ obtain, encode and

“ of electronic devices. More specifically, electronic devices that perform’ new functlons
* and/or that petforni furictions faster, miore efficiently or with higher quality are often sought
after. '

transmit a spéech s_ignal for a phone call, while another smartphone may teceive and = -

"decode the speech signal.
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When a frame is an erased frame, the erased frame detector 1243 ‘may prov1de

.. -an erased frame mdlcator 1267 to inverse quantizer A 1245 When an erased frame occurs,

--} 0ne or more quantlzed LSF vectors 1282 and/or one or more quaiitized welghtmg vectors - o
o 1241 may not be received or may contain errors. In this case, inverse quantlzer A 1245 may .
::estlmate one or more dequantxzed LSF vectors 1247 (e g, an end LSF vector of the erased -+

' ﬁame %) based on ohe or more LSF vectors from‘ a prev10us frame (e.g., .a_framﬁe b'e'for"e o :

"~ the erased frame). Additionally or altetnatively, inverse quantizer A 1245 may estimate one

S0

- estimated dequantized LSF vector 1247 corresponding to an erased frame). The frame

' may obtain a dequantized weighting vector 1239 and a dequantized LSF vector 1247 -

25
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e _._r",or mote dequaritized weighting vectors 1239 when an erased frame occurs.

- The dequantized LSF vectors 1247 (e.g., end LSF vectors) may be prowded to o

the frame paraxneter determination module 1261 and to the mterpolatlon module 1249, ©

Furthermore, one or more dequantized weighting vectors 1239 may be provided to the

frame parametet determination module 1261. The frame parameter determination module

1261 obtainis frames. For example, the frame parameter determination module 1261 may . R

obtain an erased frame (e.g., an estimated dequantized weighting vector 1239 and an T |

. paramefer determination module 1261 may also obtain a frame (e.g., a correctly received

frame) after an erased frame. For instance, the frame parameter determination module 1261

56 -correspondmg to a correctly received frame after an erased frame.

The frame parameter determination module 1261 determines frame par‘ameter A

1263a based on the dequantized LSF vectors 1247 and a dequantized weighting vector

1239. One example of frame parameter A 1263a is a mid LSF vector (e.g., X' ). For:

example, the frame parameter determination module may apply a received weighting vector

(e.g., a dequantized weighting vector 1239) to generate a current frame mid LSF vector. For
. instance; the frame parameter determination module 1261 may determine a current frame
tnid LSF vector x, based on a current frame end LSF vector x;, a previous frame end

- LSF vector xihl and a current frame weighting vector w,, in accordance with Equation

(i).Other exa"rhples of frame parameter A 1263a include LSP vectors and ISP vectors. For



| N In some conﬁguraﬁons the frame parameter determination module 1261 may S

e current ﬁMe frrud LSF vector x,, and the rule may be that each LSF dirmension 1 1n the mld D

10 . ’
. de‘terrmne ‘whether each LSF dimension in the mid LSF vector x'is in mcreasmg order L

- ,]Wrth at least a thinimurn separation between each LSF dunensron pair. For mstance the" )
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each LSF drmensmn that does not meet the criteriax”” jntA< x

<29 .

instance, frame parameter A 1263a may be any parameter that is estimated based on two -

~ end subframe parameters.

determine whether a frame paramieter (e.g., a curtent frame mid LSF vec‘tor X, ) is ordered o

"'m accordance Wrth a rule before any reordering. In one example, this frame parameter is a'- B

LSF vector x,-, is in increasing order with at least a minimum separation between eaCh LSF', :

'dinrension pair. In this example, the frame parameter determination module 1261 may

. .frame - paramieter  determination . module 1261 may  determine whether

Xy A<x2 +A<.Sx1’{}’nistrue.

In some configurations, the frame parameter determination module 1261 may )

.provide an ordering indicator 1262 to the stability determination module 1269. The

' ordering indicator 1262 indicates whether the LSF dimensions (in the mid LSF vector X,

for example) were out of order and/or were not separated bymore than the mininium
separation A before any reordering.

The frame parameter determination module 1261 may reorder an LSF vector in

- some cases. For example, ifthe frame parameter determination module 1261 determinesthat

the LSF dimensions included in a current frame mid LSF vector x,; are not in increasing

- order and/or these LSF dimensionsdo nothave at least a minimum separation between each

LSF dimension pair, the frame parameter determination module 1261 may reotder the LSF

dimensions. For instance, the frame parameter determination module 1261 may reorder the’ :

' LSF dimensions in the current frame mid LSF vector x) such that x j*Ln =x7 jontA. for

In other words, the

J+1 n

frame parameter determination module 1261 may add A to anL.SF dimension to obtain a

position for the next LSF dimension, if the next LSF dimensionwas not sepatated at least by .
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o A Furthermore ﬂ'nS may only be done for LSF dunensmns that are not seéparated by the B 'j

_- thinimum separatlon A. As described above, this reordermg ay result in clustered LSF B

dlmenswns SR in - the mid _ LSF vector . x,’;’ B
Accordmgly, fralm paramaer A 1263a may be a revtdered LSF vector (e.g. mid LSF o o

: vector x") in some casés (e.g., for one or more frames after an erased frame).

In some configurations, the frame parameter determination module 1261 ﬁlay be -

- implemented as part of inverse quantizer A 1245. For example, determining a rid LSF

| vector based on the dequantized LSF vectors 1247 and adequantized weighting vector _1239

10

may be considered part of a dequantizing procedure Frame parameter A 1263a may be o -

" provided to the weighting value substitution module 1265 and optionally to the stabﬂlty |

: . determmatlon rmodule 1269,

15
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The stability determination module 1269 may determme whether a frame is
potentially unstable. The stability determination module 1269 may provide an mstablhty

‘indicator 1271 to the weighting value substitution module 1265 when the- stability S

determination module 1269 determines that the cuirent frame is potentially unstable. In
other words, the instability indicator 1271 indicates that the current frame is poteﬁtially",_
unstable.

A potentially unstable frame is a frame with one or more cha.racteristi.cs j'chat
indicate a risk of producing a speech artifact. Examples of characteristics that indicate a

risk of producing a speech artifact may include when a frame is within one or more frames

 after an erased frame, whether any frame between the frame and an erased frame utilizes

predictive (or non-predictive) quantization and/or whether a frame parameter is ordered in

~ accordance with a rule before any reordering. A potenti'ally unstable frame may correspond

25
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to (e.g., may include) one or more unstable LSF vectors. It should be noted that a

potentially unstable frame may be actually stable in some cases. However, it may be

difficult to determine whether a frame is certainly stable or certainly unstable without

synthesizing the entire frame. Accordingly, the systems and methods disclosed herein may

take corrective action to mitigate potentially unstable frames. One benefit of the systems -

‘and methods disclosed herein is detecting potentially unstable frames without synthesizing
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the entire frame. This may reduce the amount of processmg and/or latency requlred to-.

. detect aﬂd/or Hiti gate speech artifacts.

S In a ﬁrst approach, the stability determmatlon ‘module 1269 determmes Whether :

‘a current frame (&.g.; frame n) is potentially unstable based on whether the current frame 1sl”.”'

‘within a threshold number of frames after an erased frame and whethér any frame between 2

- ~an erased frame and the current frame utilizes predictive (or nenapr'edictiVe) quantization. "

15

20 -

25

The current frame ‘may be correctly received. In this approach, the stability determmahon_’ L

module 1269 determines that a frame is potentially unistable if the curtent frame is received E ’

_.";Wlthln a threshold number of frames after an erased frame and if ho frame between the;~

10 current frame and the erased frame (if any) utilizes non-predictive quantization.

The number of frames between the erased framie and the current frame may be |

* determined based on the erased frame indicator 1267. For example, the stability

~ determinationi mnodule 1269 may maintain a counter that increments for each frame after an

erased frame. In one configuration, the threshold num_b‘er of frames after the erased fréme‘_l- .

‘may be 1. In this configuration, the next frame after an erased frame is always considered to :

" be potentially ufistable. For example, if the current frame is the next frame after an erased

frame (hence, there is no frame that utilizes non-predictive quantization between the current -
frame and the ¢rased frame), then the stability determination module 1269 determines that
the current frame is potentially unstable. In this case, the stability determination module -

1269 provides aninstability indicator 1271 indicating that the cutrent frame is potentially =~
unstable.

In other configurations, the threshold number of frames after the erased frame |

may be greater than 1. In these configurations, the stability determination module 1269 may o
. determine if there is a frame that utilizes non-predictive quantization between the current
 frame and the erased frame based on the prediction mode indicator 1281. For example, the

prediction mode indicator 1281 may indicate whether predictive or non-predictive

quantization is utilized for each frame. If there is a frame between the current frame and the .

erased frame that uses noti-predictive quantization, the stability determination module 1269 -

- may determine that the current frame is stable (e.g., niot potentially unstable). In this case,

~30

the stability determination module 1269 may not indicate that the current frame is

potentially unstable.



. whether a current frame (e.g., frame ») is potentially unstable based on whether the current PR,

B stability determination module 1269 determines that a frame is potentially unstable if the |

10

. _prediction mode indicator as described above. For example, if the current frame is ‘any L

15
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h‘ika 'second approach, the stability detérmlvi ination module 1269 determines 8 S

 frame is received after an erased framie, whether frame parameter A 1263a was ordered in
~ accordance with a rule before any. reordering and whether any frame between an erased

- frame and the current frame utilizes non-predictive guantization. In this approach, the.

cutrent frame is obtained after an erased frame, if framé parameter A 1263a was fiot

“ ordered in accordance with a rule before any reordering and if nio frame between th_e'» curtént. :f o

frame and the erased frame (if any) utilizes non-predictive quantization.

Whether the current frame is received after the erased frame may be determined

- based on the erased frame indicator 1267. Whether any fra‘mé; between an erased frame and

~ the current frame utilizes non-predictive quantization may be deteriined based on thé"-- R

number of frames after an erased frame, if there is no frame that utilizes non-predictive ~ *

quantization between the current frame and the erased frame and if frame parameter A

1263a was not ordered in accordance with a rule before any reordering, then the stabi'lit‘y"

‘determination module 1269 determines that the current frame is potentially unstable. In this
'case the stability determination module 1269 ptovides an instability indicator 1271
_indicating that the current frame is potentially unstable.

In some configurations, the stability determination module 1269 may obtain the :

ordering indicator 1262 from the frame parameter determination module 1261, which

indicates whether frame parameter A 1263a (e.g., a current frame mid LSF vector x;') was
ordered in accordance with a rule before any reordering. For éxample, the ordering

indicator 1262 may indicate whether the LSF dimensions(in the mid LSF vector x™ . for

“example) were out of order and/or were not separated by at least the minimum separation © -

- A before any reordering.

A combination of the first and second approaches may be implemented in some

conﬁguraﬁons. For example, the first approach may be applied for the first frame aftet an

_erased frame, while the second approach may be applied for subsequent frames. In this

~configuration, one of more of the subsequent frames may beé indicated as potentially
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unstable based on the second approach. Other apprdach‘eé 10 de‘t’ermining. -poten'tizil R
. instability may be based on energy variation of an impulse response of synthesis filters . - |

- based on the LSF vectors and/or energy variations correSpondmg to different frequency
- - bands of synthes1s filters based on the LSF vectors. ; .. ,
g _ When no potential instability is indicated (e.g., when the current frame 1s -
stable), the Weighting’lv‘alue substitution module 1265 provides or pesses frame parameter -

" A 1263a as frame parameter B 1263 to the interpolation module 1249. In one example,

T 10

o frame weighting vector w,,. When no potential instability is indicated, the currént frarrie"‘f

frame parameter A 1263a is a current frame mid LSF vector x); that is based on a cutrent

. frame end LSF veetOr x, , a previous frame end LSF vector x; _; and a recelved curretit

" tnid LSF vector x) may be assumed o be stable and may be provided to the inter‘polation’ '

15

‘nmiodule 1249. A _
If the current frame is potentially unstable, the weighting value substitution T

. module 1265 applies a substitute weighting value to generate a stable frame parameter (e.g.,

-20

25

30

- substituteweighting value w

" a substitute curtent frame mid LSF vector x*).A “stable frame parameter” is a parameter -~

‘that will not ¢ause speech artifacts. The substitute weighting value may be a predetermined g

value that ensures a stable frame parameter (e.g., frame parameter B 1263b). The substitute
weighting value may be applied instead of a (received and/or estimated) dequanﬁzed
Weighting vector 1239. More specifically, the weighiting value substitution module 1265
applies a substitute weighting value to the dequantized LSF vectors 1247 to generate a
stable frame parameter B 1263b when the instability indicator 1271 indicates that the

current frame is potentially unstable.In this case, frame parameter A 1263a and/or the

current frame dequantized weighting vector 1239 may be discarded. Accordingly, the

weighting value substitution module 1265 generates a frame parameter B 1263b that
replaces frame parameter A 1263a when the current frame is potentially unstable.
For example, the weighting value substitution module 1265 may apply a

substitutey, venerate a (stable) substitutecurrent frame mid -

LSFvector x. For instance, the weighting value substitution module 1265 may apply the
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: substltute Welghtmg value to a current frame end LSF vector and a previous frame end LSF : N

-vector. In some conﬁguratlons the substitute weighting value woubstitute may be 4 scalar L

e 'V:alue Betweeﬁ 0 and 1.For example, the substitute Weig‘htingvalue w ubstitute g 6f)efate‘ -

equal to w‘“"“””’e, Where0<wsub‘"’t"te SHCS 0<w‘“b“""‘e <1). Thus, a (stable) L

15

20

25

30

-~ with Equation (3).
10 ) '

: épeech signal 1259. In some conﬁgurat‘ions,‘ w

| as a substltute Welghtmg vector (with Mdimensions, for example) where all values are S

" 'v'vsﬁbstitutec"urreﬁt frame mid LSF vector X, may be'gene"rated or dete‘fmined in acc"otdaﬁce - '

x;n‘ = yySubstitute 'xfz + (l — ySubstitute ) x’e’_l ' 3)

~ Utilizinga w*™" between 0 and 1 ensures that the resulting substitute current frame

mid LSF vector x) is stable if the underlying end LSF vectors x¢ and xi_l are stabie. In

- this case, the substitute current frame mid LSF vector is one examiple of a stable frame -

parameter, since applying coefficients 1255 cotresponding to the substitute current frame .

mid LSF vector to a synthesis filter 1257 will not cause speech artifacts in the decoded

substitute 4y be selected as 0.6, which gives

slightly mote weight to the current frame end LSF vector (e.g., xj) compared to the
previous frame end LSF vector(e.g., xfl_l )corresponding to the erased frame.

In alternative configurations, the substitute weighting value may be a substitute

weighting vector  w**>™including individual weights w;"f,bsm"te, where

i= {l, 2,...,. M } and » denotes the current frame. In these configurations, €ach w‘eig‘ht

w‘wbs"m’e is between 0 and 1 and all weights may not be the same. In these conﬁguratlons

the substitute weighting value (e.g., substitute weighting vector wSubstitutey oy be applied
as provided in Equation (4).

.y, Substitute e substttute e
xtn YWi.n "Xin (1 wi, )xi,'n-l 4
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In some configurations, the substitute weighting value may be static. In other |

' _ACOﬁﬁg'urations, the weighting value substitution module 1265 may select a substitute

.~ Weighting valuebased on the previous frame and the current frame. For example, different

10

15

20

_ intetpolate the subframe LSF vectors x, based on x;

substitute weighting values may be selected based on the classification -(e.g., voiced;

:uﬁVOICCd etc.) of two frames (e.g., the previous frame and the curtent frame):. Addmonally g 8 |
Cer alternatlvcly, different substitute weighting values may be selected based on one or more’ s |
LSF dlfferencesbetween two frames (e.g., d1fference in LSF filter 1mpulse response' IR

energies).

The deqUantlzed LSF vectors 1247 and frame parameter B 1263b may be

-prov1ded to the interpolation module 1249. The mterpolatmn module 1249 mterpolates the "~ .

-"dequantlzed LSF vectors 1247 and frame parameter B 1263b in ordervto generate subframé . .

" LSF vectors (e g., subframeLSF vectors x, % for the current frame).

. In one example, frame parameter B 1263 is a current frame mid LSF vector x/"
and the dequaritized LSF vectors 1247 include the previous frame end LSF vector x-ﬁ__l

and the current frame end LSF vector x§ . For instance, the interpolation module 1249 may

k m e -
in-1> %in and x;, using

interpolation factors a; and B; in accordance with the equation
x,’§ =ay-xp +-Pi - xﬁ_l + (1 ~ay — B ) - x. The interpolation factors &y and S may be
predetermined values such that 0<(a;,f;)<1. Here, k is an integersubframe

number,where 1< k < K ~1, where X is the total number of subframes in the current frame.

- The interpolation module 1249 accordingly interpolates LSF vectors corresponding to éach

25

.- 30

subframe in the current frame. In some configurations, a; =1 and S =0 for the current

frame end LSF vector x; .
The interpolation module 1249 provides LSF vectors 1251 to the inverse »-
 coefficient transform 1253. The inverse coefficient transform 1253 transforms the LSF

vectors 1251 :into coefficients 1255 (e.g., filter coéfﬁcients for a synthesis filter l/A(é)). The

coefficients 1255 are provided to the synthesis filter 1257.
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Inverse quantizer B 1273 receives and dequantizes an encoded-excitation s1gnal . o
1298 to produce an excitation sighal 1275. In one example, the enicoded eXcitatior’i sighal
: 1298 tay mclude a fixed codebook index, a quan‘uzed ﬁxed codebook gam an adaptlve ) 3
. codebook lndex and a quantized adaptive codebook gain. In this example, inverse quantlzer . ‘, _
B 1273 looks up a fixed codebook entry (e.g., vector) based on the fixed codebook mdex' e

and applies a dequantized fixed codebook gain to the fixed codebook entry to obtain a fixed
codebook contribution. Additionally, inverse quantizer B 1273 looks up an adaptive

codebook entry based on the adaptive codebook index and applies a dequantized adaptive

| . :cbdebook gain to the adaptive codebook entry to obtain an adaptive codebook contributior.

. Invetse quantizer B 1273 may then sum the fixed codebook contribution and the adaptive

.- ¢odebook contributioti to produce the excitation signal 1275.

The synthesis filter 1257 filters the excitation signal 1275 in accordance with the A

A coefficients 155 to pI'OdUCC a decoded speech signal 1259. For example, the poles of the .

15

synthesis filter 1257 may be configured in accordance with the coefficients 1255. The

excitation signal 1275 is then passed through the synthesis filter 1257 to produce the

~ decoded speech signal 1259 (e.g., a synthesized speech signal).

200
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Figure 13 is a flow diagram illustrating one configuration of a method 1300 for :

‘mitigating potential frame instability. An electronic device 1237 may obtain1302 a frame

after (e.g.,' subsequent in time to) an erased frame. For example, the electronic device 1237

‘may detect an erased frame based on one or more of a hash function, checksum, répetition

-code, parity bit(s), cyclic redundancy check (CRC), etc. The electronic device 1237 may

then obtain 1302 a frame after the erased frame. The obtained 1302 frame may be the next -
frame after the erased frame or may be any number of frames after the erased frame. The
obtained1302 frame may be a correctly received frame.

The electronic device 1237 may determine 1304 whether the frame is potentially
unstable. In some configurations, determining 1304 whether _the frame is potentially
unstable is based on whether a frame parameter (e.g., a current frame mid LSF vector) is

ordered in accordance with a rule before any reordering (e.g., before reordering, if afy). -

" Additionally or alternatively, determining 1304 whether the frame is potentially unstable.

may be based on whether the frame (e.g., the current frame) is within a threshold number of

frames since the erased frame. Additionally or alternatively, determining 1304 whether the
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‘ .frame is potenually unstable may be based on whether any frame between the frame (e g,

- the current frame) and the erased frame utilizes non-pred1ct1ve quantlzatlon A
| In 4 first approach as described above, the electronic device 1237 deterrmnes:f;_ 3'--_
-.1304 that a frame is potentially unstable if the frame is received within a threshold nurnber .~
__._of frames after an erased frame and if no frame between the frame and the erased frame (1f ' ' n § S

-‘;any) utilizes non-prédictive quantization. In a second approach as described above, the : ; c

".';."electronic device 1237 determines 1304 that a frame is potentially unstable if the cuﬁ‘en‘t_'._-'

10

-+ frame is obtained after an erased frame, if a frame parameter (e.g., a current frame mid LSF - |

7 vector %) was not ordered in accordance with a rule before any reordering and if no - - o

frame between the current frame and the erased frame (if any) utilizes non-predictive -

“quantization. Additional or alternative approaches may be used. For example, the first

- approach may be applied for the first frame after an erased frame, while the second

15

20

25
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‘approach may be applied for subsequent frames.

The electronic device 1237 may apply 1306 a substitute weighting value to

- gerierate a stable frame parameter if the frame is potentially unstable. For example, the
- electronic device 1237 may generate a stable frame parameter (e.g., a4 substitute curr'ent c

- frame mid LSF vector x)') by applying a substitute weighting value to dequantized LSF

vectors 1247 (e.g.,-» to a current frame end LSF vector x; and a previous frame end LSF
vector xfl_l ). For instance, generating the stable frame parameter may include determining
a substitute cutrent frame mid LSF vector (e.g.; x') that is equal to a product of a current

substitute)

frame end LSF vector (e.g., x) and the substitute weighting value (e.g., w plu‘s‘ a

product of a previous frame end LSF vector (e.g., x:__l) and a difference of one and the

- substitute Weighting value (e.g., (1 — Substitute )). This may be accomplished as illustrated

o in Equatlon (3) or Equation (4), for instance.

30

Figure 14 is a flow diagram illustrating 2 more specific conﬁguratlon of a

“method 1400 for mltlgatmg potential frame mstablhty. An electronic dev1ce_ 1237 may



T '1:0. --descnbed The tnethod includes obtaining a frame subsequent in time to afi erased frame.
s
20.

25

3C

.-

. However, particular challenges arise in encoding, transmitting and decoding of

audio signals. For example, an audio signal may be encoded in order to reduce the amount - 1',
. of bandwidth required to transmit the audio signal. When a portion of the audio signal is e
lost in tfaDSHHSSIOHs it tay be difficult to présent an accurately decoded audio S1gnal As
-can be observed frorn this’ discussion, systems and thethods that i improve decoding tay be L

| ! beneﬁcml ' :

. SUMMARY

A method for mltlgatlng potential frame mstablllty by an electromc devme 1s:

The method also includes determining whether the frame is potentlally unstable. The-
~ method further includes applying a substxtute weighting value to generate a stable frame o
S parameter if the frame is potentially unstable. The frame parameter may be a frame mid lirie
| ‘spectral frequency vector.The method may include applying a received weighting vectorto ", "
generate a current frame miid line spectral frequency vector. A . o
| “The substitute weighting value may be between 0 and 1. Generatmg the stable R

~ frame parameter may include applying the substitute weighting value to a curtent frame end =~ S

line spectral frequency vector and a previous frame end line spectral frequency vector.

‘Generating the stable frame parameter may include determining a substitute current frame
mid line spectral frequency vector that is equal to a product of a current frame end line '

‘$pectral frequency vector and the substitute weighting value plus a product of a previous -

frame end line spectral frequency vector and a difference of one and the substitute
weighting value. The substitute weighting value may be selected based on at least one of a
classification of two frames and a line spectral frequency difference between the two

frames.

N Determining whethet the frame is potentially unstable may be based on whethet -

. a current frame tid line spectral frequency is ordered in accordance with a rule before any

reordering. Determining whether the frame is poténtially unstable may be based on whether

- the frame is within a threshold number of frames after the erased frame. Determining

‘whether the frame is potentially unstable may be based on whether any frame between the

frame and the erased frame utilizes non-predictive quantization.
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."obtam 1402 .a current frame. For example the electronic device 1237 may obtam' . 'g."'_j

' parameters for a time period correspondmg to the current frame.

erased frame For example, the electronic device 1237 may detect an erased frame based oti . - L
A ‘ohe or ore of a hash function, checksum, repetition code, parity blt(S) eyclic redUndancy R -
L check (CRC) etc. - o | :
B I the current frame is an erased frame, the electromc deV1ce 1237 tay. obtaii
- 1406 an esfitiiated current frame end LSF vector and an estimated current frame mid LSF Hen
- vector based on a previous frame. For examiple, the decoder 1208 may- use error

- concealment for an erased frame. In error concealment, the decoder 1208 may copy a .
previous frame end LSF vector and a previous frame mid LSF vector as the estimated" |
current frame LSF vector and the estimated current frame mid LSF vector, respectlvely -

E Thls procedure miay be followed for consecutive erased frames.

In the case of fwo consecutive erased frames, for exanfmle the second erased :
frame may include a copy of the end LSF vector from the first erased frame and all the

interpolated LSF vectors, such as the mid LSF vector and subframe ‘LSF vectors. -

Accordingly, the LSF vectors in the second erased frame may be approximately the same as -

the LSF vectors in the first erased frame. For example, the first erased frame end LSF -

.vector may be copied from a previous frame. Thus, all LSF vectots in consecutive erased = -~

frames may be derived from the last correctly réceived frame. The last correctly 'r‘eeeived
frame may have a very high probability of being stable. Consequently, there is a very little
probability that consecutive erased frames have an unstable LSF vector. This is essentially

because there may be no interpolation between two dissimilar LSF vectors in the case of

- consecutive erased frames. Accordingly, a substitute weighting value may not be applied

for consecutively erased frames in some configurations.
The electronic device 1237 may determine 1416 subframe LSF vectors for the ~
current frame. For example, the electronic device 1237 may interpolate the current frame

end LSF vector, the current frame mid LSF vector and the previous frame end LSF véctot

 based on interpolation factors to produce the subframe LSF vectors for the current frame. In'

- some configurations, this may be accomplished in accordance with Equation (2).

The electromc device 1237 may determine 1404 whether the current frarne is an S |



- 1275 through a synthesis filter 1257 that is specified by coefficients 1255 based on the" o o
Subframe LSF vectors 1251 to produce a decoded speech signal 1259. o _ e
If the current frame is not an erased frame, the electronic device 1237 may apply S
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A . The electionic device 1237 may synthesize 1418 a decoded speech signal 1259

for the cutrent frame. For example, the electronic device 1237 may pass an excitation signal

1408 a received weighting vector to generate a current frame mid LSF vector. For example,

the electronic device 1237 may multiply a current frame end LSF vector by the received

- weighting vector and may multiply a previous frame end LSF vector by 1 minus the
IR ,feceiVed weighting vector. The electronic device 1237 may then sum the resulting producté ‘

10 ‘to generite the current frame mid LSF vector. This may be accomplished as provided in - |
-_Equatlon . ' ' o

. . The electronic device 1237 may determme 1410 whether the current frame is

* within a threshold number of frames since a last erased frame. For example, the electrc_)mc |

~ device 1237 may utilize a counter that counts each frame since the erased frame indicator

1267 indicated an erased frame. The counter may be reset each time an erased frame

occurs. The electronic device 1237 may determine whether the counter is within the

 threshold number of frames. The threshold number may be one or more frames. If the

current frame is not within the threshold number-of frames since a last erased frame, the
electronic device 1237 may determine 1416 subframe LSF vectors for the current frame

and synthesize 1418 a decoded speech signal 1259 as described above. Determining 1410

. whether the current frame is within a threshold number of frames since a last erased frame
may reduce unnecessary processing for frames with a low probability of instability (e.g., for

frames coming after one or more potentially unstable frames for which the potential

instability has been mitigated).

If the current frame is within the threshold number of frames since a last erased

frame, the électronic device 1237 may determine 1412 whether any frame between the

" current frame and the last erased frame utilizes non-predictive quantization. For example,

" the electronic device 1237 may receive the prediction mode indicator 1281 that indicates

30

whether each frame utilizes predictive or non-predictive quantization. The electronic device:

1237 may utilize the prediction mode indicator 1281 to track the prediction mode for each

frame. If any frame between the current frame and the last erased frame utilizes non- |
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predictive quantization, the electronic. device 1237 may determine 1416 subframe LSF

" vectors for the current frame and synthesize 1418 a decoded speech signal 1259 as -

110

desctibed above. Determining 1412 whether any frame between the current frame and the - "

. last erased frame utilizes non-predictive quantization may reduce unnecessary processing

for frames with a low probability of instability (e.g., for frames coming after a frame that |

- should include ‘an accurate end LSF vector, since the end LSF vector was not quantized

- ~based on any previous frare).

If no frame between the cﬁ‘rr‘ent framé and the last erased frame utilizes ﬁoﬁ- '

 predictive quantization (e.g., if all frames between the cuirent frame and the last eraséd

frame utilizes predictive quantization), the electronié device 1237 may apply 1414 a

substitute weighting value to generate a substitute cutrent frame mid LSF vector. In this

“case, the electronic device 1237 may determine that the current frame is potentially

unstable and may apply the substitute weighting value to generate a stable frame parameter - '

 (e.g., the substitute current frame mid LSF vector). For example, the electronic device 1237

15
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may multiply a current frame end LSF vector by the substitute weighting vector and may

. multiply a previous frame end LSF vector by 1 minus the substitute weighting vector. The
electronic device 1237 may then sum the resulting products to generate the substitute

- curtent frame mid LSF vector. This may be accomplished as provided in Equation (3) or'v

Equation (4).

The electronic device 1237 may then deterrhine 1416 subframe LSF vectors foi

‘the current frame as described above. For example, the electronic device 1237 may

interpolate the subframe LSF vectors based on the current frame end LSF vector,> the
previous frame end LSF vector, the substitute current frame mid LSF vector and
interpolation factors. This may be accomplished in accordance with Equation (2). iThe
electronic device 1237 may also synthesize 1418 a decoded speech signal 1259 as
described above. For example, the electronic device 1237 may pa.s an excitation signal
1275 through a synthesis filter 1257 that is specified by coefficients 1255 based on the
subframe LSF vectors 1251 (that are based on the substitute current mid LSF vector) to
produce a decoded speech signal 1259. |
! _ Figure 15 is a flow diagram illustrating another more specifi¢ configuration of a -

method 1500 for mitigating potential frame instability. An electronic device 1237 may
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obtain 1502 a current frame. For example, the electronic device 1237 may obtain
parameters for a time period corresponding to the current frame.

The electronic device 1237 may determine 1504 whether the current frame is an

. ‘erased frame. For example, the electronic device 1237 may detect an erased frame based on ~ o
~* 5 one or more of a hash function, checksum, repetition code, parity bit(s), ¢yclic redundancy .~
' check (CRC), ete. ' -

If the current frame is an erased frame, the electronic device 1237 may obtain
1506 an estimated current frame end LSF vector and an estimated current frame mid LSF

vector based on a previous frame. This may be accomplished as described above in

- connection with Figure 14.

- The electronic device 1237 may determine 1516 subframe LSF vectors for the N

- current frame. This may be accomplished as described above in connection with Figure

15

20

14.The electronic device 1237 may synthesize 1518 a decoded speech signal 1259 for the
current frame. This may be accomplished as described above in connection with Figure 14.

If the current frame is not an erased frame, the electronic device 1237 may apply

1508 a received weighting vector to generate a current frame mid LSF vector. This may be

accomplished as described above in connection with Figure 14.

The electronic device 1237 may determine 1510 whether any frame between the

current frame and the last erased frame utilizes non-predictive quantization. This may be =~
accomplishied as described above in connection with Figure 14. If any frame between the
current frame and the last erased frame utilizes non-predictive quantization, the electronic

‘device 1237 mady determine 1516 subframe LSF vectors for thé current frame and c

- synthesize 1518 a decoded speech signal 1259 as described above.

25
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If no frame between the current frame and the last erased frame utilizes non-
predictive quantization (e.g., if all frames between the current frame and the last erased

frame utilizes predictive quantization), the electronic device 1237 may determine 1512

‘whether a current frame mid LSF vector is ordered in accordance with a rule before any

reordering. For example, the electronic device 1237 may determine whether each LSF in
the mid LSF veéctor x,is in increasing order with at least a minimurm separation between
each LSF dimension pair before any reordering as described above in connection with

Figure 12. If the cutrent frame mid LSF vector is ordered in accordance with the rule before
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any reordering, the electronic device 1237 may determine 1516 subframe LSF vectors for

the current frame and synthesize 15 18 a decoded speech signal 1259 as described above.

If the current frame mid LSF vector is not ordered in accordance with the rule - -

before any_réorélerin'g,_the electronic device 1237 may apply 1514 a substitute we'i'ghting‘ o

"~ value to gérierate a substitute current frame mid LSF vector. In this case, the electronic N

device 1237 may determine that the current frame is potentially unstable and may apply the .

substitute weighting value to generate a stable frame parameter (e.g., the substitute current

frame mid LSF vector). This may be accomplished as described above in connection with =

- Figure 14.
10

" the current frame and synthesize 1518 a decoded speech signal 1259 as described above in

s

20

connection with Figure 14. For example, the electronic device 1237 may pass an excitation
signal 1275 through a synthesis filter 1257 that is specified by coefficients 1255 based on
the subframe LSF vectors 1251 (that are based on the substitute current mid LSF vector) to
produce a decoded speech signal 1259. | ,

Figute 16 is a flow diagram illustrating another more specific configuration of a
method 1600 for mitigating potential frame instability. For example, some configurations
of the systéms and methods disclosed herein may be applied in two procedures: detectinga
potential LSF instability and mitigating the potential LSF instability.

An electronic device 1237 may receive 1602 a frame after an erased frame. For

example, the electronic device 1237 may detect an érased frame and receive one or more

" framesafter the erased frame. More specifically, the electronic device 1237 may receive

25
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parameters corresponding to framesafter the erased frame.
The electronic device 1237 may determine whether there is a potential for the

current frame mid LSF vector to be unstable. In some implementations,the electronic

device 1237 may assumethat one or more frames after an erasedframeare potentially

unstable (e.g., they include a potentially unstable mid LSF vector).
If a potential instability is detected, the received weighting vector w,, used for

interpolation/extrapolation by the encoder (transmitted as an index to the decoder 1208, for

éxample) may be discarded. For example, the electronic device 1237 (e.g., decoder 1208) -

may discard the weighting vector.

The electtonic device 1237 may then determine 1516 subframe LSF vectors for o -




B ',."r'z'+'2, etc}) use predictive quantization techniques to quantize the end LSF vectors.Hence, for = "':' -
" the current frameand subsequent frame received1608 until the electronic device 1237 <~
. determines 1606, 1614 that non-predictive LSF quantization techniques are utilized for a - -
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 applies a substitute Weighting value w

‘The electronic device 1237 may apply 1604 a substitute ‘Weighting’ value to

géﬁe’rate“é (stable) substitute current frame mid LSF vector, For example, the decoder 1208 S AR

substitute

B ';’I‘Be,iﬁstabilit}:' of the LSF vectors can propéga‘t'e if subsequent frames (e.g., In¥l-1,: R

frame, the decoder 1208 may determinel612whether the current frame mid LSF vectoris o B

ordered in accordance with a rule before any reordering. Mote specifically, the electronic

~device 1237 may determine 1606 whether the current frame utilizes predictive LSF s
- quantization. If the current frame utilizes predictive LSF quantization, the electronic device

1237 may determine 1608 whether a néw frame (e.g., next frame) is correctly received. If

the new frame is not correctly received (e.g., the new frame is an erased frame), then
operation may proceed to receiving 1602 a current frame after the erased frame. If the

electronic device 1237 determines 1608 that a new frame is correctly received, .the_

“electronic device 1237 may apply 1610 a received weighting vector to generate a cuirent

frame mid LSF vector. For example, the electronic device 1237 may use the current

weighting vector for the current frame mid LSF (initially without replacing it).
Acc':ordingly, fot all (correctly received) subsequent frames until non-predictive LSF
quantization techniques are used, the decoder may apply 1610 a received weighting vector
to generate a current frame mid LSF vector and determine 1612whether the current frame

mid LSF vector is ordered in accordance with a rule before any reordering.For example, the

- electronic device 1237 may apply 1610 a weighting vector based on an index transmitted

from an encoder for mid LSF vector interpolation. Then, the electronic device 1237 may

determine 1612 if the current frame mid LSF vector corresponding to the frame isordered
sﬁch that x", +A<xy +A <. <xfy ,before any reordering.

If violation ofthe rule is detected, the mid LSF vectoris potentially unstable. For

~ example, if the electronic device 1237 determines 1612 that the mid LSF vector

corresponding to the frame is not ordered in accordance with the tule before any reordering,

as described above in connection with Figure .~ .
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'_‘t}'le‘ electronic device 1237 accordingly determines that the LSF dimensionsin the mid LSF R
 vector are potentially unstable. The decoder 1208 may mitigate the potential instability by -

applying 1604 the substitute weighting value as described above.

' electronic device 1237 may determine 1614 whethet the current frame utilizes predictive * =
- quantization. If the current frame utilizes predictive quantization, the electronic device

1237 may appiy‘1604 the substitute weighting value as described above. If the electronic

device 1237 determines 1614 that the current frame does not utilize predictive quantization

(e.g., that the current frame utilizes non-predictive quahtization),‘the electronic device 1237

may determine 1616 whether a new frame is received correctly. If a new frame is not

 teceived cortectly (e.g., if the new frame is an erased frame), operation may proceed to
‘receiving 1602 a current frame after an erased frame. . - - _
~ If the current frame utilizes non-predictive quantization and if the electronic - - -

device 1237 determines 1616 that a new frame is received correctly, the decoder 1208 3

continues to operate normally using the received weighting vector that is used in a regular -

. mode of operation. In other words, the electronic device 1237 may apply 1618 a received
_ weighting vector based on the index transmitted from the encoder for mid LSF vector

interpolation for each cortectly receivedframe. In particular, the electronic device 1237 may . - a

apply 1618 the received weighting vector based on the index received from the encoder for '
each subsequent frame (e.g., n+npytl, nt nyy+2, ete., where nyy, is the frame number of a
frame that utilizes non-predictive quantization) until an erased frame occurs.

The systems and methods disclosed hetein may be implemented in a decoder -
1208. In some configurations, no additional bits are needed to be transmitted from the “

encoder to the decoder 1208 to enable detection and mitigation of potential frame |

instability. Furthermore, the systems and methods disclosed herein do not degrade the - .

quality in ¢lean channel conditions.
Figure 17 is a graph illustrating an example of a synthesized speech signal. The
horizontal axis of the graph is illustrated in time 1701 (e.g., séconds) and the vertical axis

of the graph is illustrated in amplitude 1733 (e.g., a numiber, a value). The amplitude 1733 -

may be a nurber represented in bits. In some configurations, 16 bits may be utilized to

répresent samples of a speech signal ranging in value between -32768 to 32767, which

If the current frame mid LSF vector is ordered in accordance with the rule, the



R ) 111ustrat1ng one example of a synthesized speech signal resulting from the application.of the -
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~c6rresp0nds t6 a range (e.g., a value between -1 and +1 in floating point). It should be noted”
that the amplitude 1733 may be represented differently based on the implementation. In

some -examplés the value of the amplitude 1733 may cor'r'espond,to_anvele(:tr‘omagné'tir’;f SR
. - signal charactenzed by voltage (in volts) ard/or cutrent (in armps). A o
_ The systems and methods disclosed herein may be implemented to generate the  1
':V synthesized speech signal as given in Figure 17. In otheér words, Figure 17 is graph

ii‘s“yste'fn's and methods disclosed herein. The corrésponding waveform without applying the

- - ;-_'-sy'stem's -and methods disclosed herein is shown in Figure 11.As can be ob'serVed,:,the o
107 -:sy‘sféﬁis and rhéthods disclosed herein provide artifact nﬁﬁgaﬁon 1777. In other words, the

i :‘artxfacts 1135 1llustrated in Figute 11 are mitigated or removed by applymg the systems and-._ -

- methods disclosed herein, as illustrated in Figure 17.

: Flg’u_re 18 is a block diagram illustrating one configuration of a wireless

- communication device 1837 in which systems and methods for mitigating potential frame -
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.~ user. For example, the earpiece 1885 may be used such that only a uset may reliably hear - -
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‘ instability may be implemented. The wireless communication device 1837 illustrated in

Figure 18 may be an example of at least one of the electronic devices described herein. The

~ ‘wireless communication device 1837 may include an application processor 1893. The

application processor 1893 generally processes instructions (e.g., runs prOgramsj to
perform functions on the wireless communication device 1837. The application processor

1893 may be coupled to an audio coder/decoder (codec) 1891.

The audio codec 1891 may be used for coding and/or decoding audid signals. '.
* The audio codec 1891 may be coupled to at least one speaker 1883, an earpiece 1885, an
 output jack 1887 and/or at least one microphone 1889. The speakers 1883 may include one

or more electro-acoustic transducers that convert electrical or electronic signals into

acoustic signals. For example, the speakers 1883 may be used to play music or output a ’

- speakerphone conversation, etc. The earpiece 1885 may be another speaker or electro- -

" acoustic transducer that can be used to output acoustic signals (e.g., speech signals) to a -~ "

“the acoustic signal. The output jack 1887 may be used for coupling other devices to the
wireless communication device 1837 for outputting audio, such as headphones. The - -

speakers 1883, earpiece 1885 and/or output jack 1887 may generally be used for outputting S




. _“an audio signal from the audio codec 1891. The at least one microphorie 1889 inay be an- -

- determination module 1869 and/or the weighting valie substltutlon module 1865 may

-46 -

acousto-electnc transducer that converts an acoustic signal (such as a user’s v01ce) mto- o

electrical ot electromc signals that are provided to the audio codec 1891.

The audio codec 1891 (e.g., a decodet) may include a frame parameter -

 determination module 1861,a stability determination module 1869 and/or a weighting value )
N substitution module 1865. The frame parameter determination module 1861, the stability S

- function as descnbed above in connection with Figure 12.

10 .
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The application processor 1893 may also be coupled to a power managemient

circuit 1804. One exainple of a power management circuit 1804 is a power management

~ integrated circuit (PMIC), which may be used to manage the electrical power consumption

of the wireless communication device 1837. The power management circuit 1804 may be |

coupled to a battery 1806. The battery 1806 may generally provide electrical power to the

wireless communication device 1837. For example, the battery 1806 and/or the power

. ‘management circuit 1804 may be coupled to at least one of the elements inicluded in the

wiréless communication device 1837.

The application processor 1893 may be coupled to at least one input device . -

1808 for receiving input. Examples of input devices 1808 include infrared sensors, image

sensors, accelerometers, touch sensors, keypads, etc. The input devices 1808 may allow -
user interaction with the wireless communication device 1837. The application processor
1893 may also be coupled to one or more output devices 1810. Examples of output devices

1810 include printers, projectors, screens, haptic devices, etc. The output devices 1810 may

allow the wireless communication device 1837 to produce output that may be experienced

by a user.

* The application processor 1893 ‘may be coupled to application memory 1812.

" The application memory 1812 may be any electronic device that is capable of storing

electronic information. Examples of application memory 1812 include double data rate

- synchronous dynamic random access memory (DDRAM), synchronous dynamic random
' access themory (SDRAM), flash memory, etc. The application memory 1812 may provide

storage for the application processor 1893. Fot instance, the application memory 1812 may
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" store data and/or instructions for the functioning of programs that are un on the apphcatlon'

-dlsplay confrollet - 1814 may translate mstructlons a.nd/or data from the apphcatlon:_'* S

C - 10

b' :.processor 1893 |

_ The appl1cat10n processor 1893 may be coupled to a d1splay controller 181 4 s
» which in turn may be coupled to a display 1816. The display controller 1814 may - beA a .
" hardware block ‘that is used to generate images on the display 1816, For examiple, the .

 processor 1893 into images that can be presented on the display 1816. Examples of the . :
display 1816 include liquid crystal display (LCD) panels, light emitting diode (LED)

pariels, cathode ray tube (CRT) displays, plasma displays, etc.

The appllcatlon processor 1893 may be coupled to a baseband processor 1895. L

o The baseband pl’OCCSSOI‘ 1895 generally processes communication s1gna1s For example, the
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-~ baseband processor 1895 may demodulate and/or decode received signals. Additionally or .

alternatively, the baseband processor 1895 may encode and/or modulate signals in.

preparatlon for transmission.

The baseband processor 1895 may be coupled to baseband memory 1818. The

‘baseband 'memor‘y 1818 may be any electronic device capable of storing electronic -

information, such as SDRAM, DDRAM, flash memory, etc. The baseband processor 1895
may tead information (e.g., instructions and/or data) from and/or write information to the
baseband memory 1818. Additionally or alternatively, the baseband processor 1895 may
ﬁse instructions and/or data stored in the baseband memory 1818 to perform
communication operations.

The baseband processor 1895 may be coupled to a radio frequency (RF)

* transceiver 1897. The RF transceiver 1897 may be coupled to a power amplifier 1899 and

one or mote antennas 1802. The RF transceiver 1897 may transmit and/or receive radio
frequency signals. For example, the RF transceiver 1897 may transmit an RF signal using a -
power amplifier 1899 and at least one antenna 1802. The RF transceiver 1897 may also

- receive RF signals using the one or more antennas 1802. It should be noted that one of .

more of the elefents included in the wireless communication device 1837 may be coupled

to a gerieral bus that may enable communication between the eléements.

Figure 19 illustrates various components that may be utilized in an electronic

 device 1937. The illustrated components may be located within the same physical structure




Ari electromc device for mmgatmg poteﬁ'ual frame mstablhty is also deswb*ed

- The electromc device mcludes framé parateter determination cn‘cmh'y that obtains a frame i
o : :‘subsequent' in time to' an erased frame. The elec.trOmcl device also.v_ inclu des Stablhty‘ :_; 5
determination circuitry coupled to the frame parémeter determination circuitry. The -
_ stability detemunatlon circuitry determines whether the frame is potentlally unstable. The S

P electromc deVlce further mcludes weighting value substltutlon c1rcu1try coupled to. the"".

stablhty detenmnatlon cucmtry The Welghtmg value ‘substitutiof clrcmtry applles a

~ substitute welghtlng value to generate a stable frame parameter if the frame is potentlally' .

" unstable.

S0

| readable medium with instructions. The instructions include code for causing an electronic. .

. 1S

A computer-program product for mitigating pbtential' frame instability is also

~ described. The computer-program product includes a non-transitory tangible computer- .

~device to obtaii a frame subsequent in time to-an er'ased'framé._'fhe instructions also O |
‘iniclude code for causing the electronic device to detefmine.whether the frame is potent{aliy' IR
‘unstable. The instructions further include code for causing the electronic device to apply a S
:su'bstitute Weighﬁng value to generate a stable frame parafnete‘r if the frame is pote‘ntiaﬁy N R
_unstable. -

o éppérams includes means for obtaining a frame subsequent in time to an erased frame. The A'
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'_ apparatus also includes means for determining whether the frame is potentially unstable.

The appatatus further includes means for applying a substitute weighting value to generate
a stable frame parameter if the frame is potentially unstable.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure lisa block diagram illustrating a general exarnple of an encoder and a

decode‘ri
Figure 2 is a block diag‘r‘am illustrating an example of a basic implementation of -~
an ehcoder and a decoder; , A o
Figure 3 is a block diagram illustrating an example of a wideband speech
ericoder and a wideband speech decoder;

Figure 4 is a block diagram illustrating a more specific exaniple of an encode R
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or in separate housings or structures. The electronic device 1937 described in connection

. W‘lth Figure 19 thay be implemented in accordance with one or more of the electrdnic; '

- “devicés described herein. The electronic device 1937 includes a processor ’.1'9'2-6-., The R

- ‘processot 1926 may be a general purpose single- ot multi-chip microprocessor (e.g:, afi . -
“ ARM), a special purpose microprocessor (e.g., a digital signal processor (DSP)), a

mictocontroller, a programimable gate array, etc. The processor 1926 may be referred to as

_- a central pi'ode‘ssing unit (CPU). Although just a single processor 1926 is shown in the

electronic device 1937 of Figure 19, in an alternative configuration, a combination of '

.. processors (e.g., an ARM and DSP) could be used.

The electronic device 1937 also includes memory 1920 in electronic

‘communication with the processor 1926. That is, the processor 1926 can read information

froin and/or write information to the memory 1920. The memory 1920 may be any‘

~ electronic componént capable of storing electronic information. The memory 1920 may be

15

‘random access memory (RAM), read-only memory (ROM), magnetic disk storage media,
- optical storage media, flash memory devices in RAM, on-board memory included with the

processor, programmable read-only memory (PROM), erasable programmable read-only |

“'_rnemory (EPROM), electrically erasable PROM (EEPROM), registers, and so forth,

20 - instructions 1922a may include one or more programs, routines, sub-routines, functions,

25
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including combinations thereof.

Data 1924a and instructions 1922a may be stored in the memory 1920. The

procedures, etc. The instructions 1922a may include a single computer-readable statement

or many computer-readable statements. The instructions 1922a may be executable by the
processor 1926 to implement one or more of the methods, functions and procedures
described above. Executing the instructions 1922a may involve the use of the data 1924a
that is stored in the memory 1920. Figure 19 shows sbme instructions 1922b and data
1924b being loaded into the processor 1926 (which may come from instructions 1922a and
data 1924a).

The electronic device 1937 may also includé one or more communication

‘interfaces 1930 for communicating with other electronic devices. The communication
_interfaces 1930 may be based on wired communication technology, wireless

communication technology, or both. Examples of different types of communication




- interfaces 1930 include a serial port, a parallel port, a Universal Serial_Blis (USB), an o
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- Ethernet adaptet, an IEEE 1394 bus interface, a small computer system interface (SCSI) ‘

~ bus interface, an infrared (IR) communication port, a Bluetooth wireless communication

- adapter, and so forth.

" and one or more output devices1936. Examples of different kinds of input devices 1932 - L

::',iﬁclﬁde 4 keyboard, mouse, microphone, remote control device, button,. joystick, ﬂackbﬁll, o

~ touchpad, lightpen, etc. For instance, the electronic d_eVica 1937 may include one or more
~* microphones1934 for capturing acoustic signals. In one configuration, a microphone1934
10 may be a transducer that converts acoustic signals (e.g., voice, speech) into electrical or

“electronic signals. Examples of different kinds of output devices1936 include a speaker, - S

- printer, etc. For “instance, the electronic device 1937 may include one or more

15
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 speakers1938. In i:o‘ne configuration, a speaker1938 may be a transducer that converts

electrical or electronic signals into acoustic signals. Orie specific type of output device

~ which may be typically included in an electronic device 1937 is a display devicel940.

Display devices1940 used with configurations disclosed herein may utilize any suitable

‘image projection technology, such as a cathode ray tube (CRT), liquid cfysta] display
(LCD), lighber"nitting diode (LED), gas plasma, electroluminescence, or the like. A display
- controller1942 may also be provided, for converting data stored in the memory 1920 into

text, graphics, and/or moving images (as appropriate) shown on the display devicel1940.
The various components of the electronic device 1937 may be coupled together

by one or niore buses, which may include a power bus, a control signal bus, a status sighal

bus, a data bus, etc. For simplicity, the various buses are illustrated in Figure 19 as a bus

system 1928. It should be noted that Figure 19 illustrates only one possible configuration of

an electronic device 1937. Various other architectures and components may be utilized. .

In the above description, reference numbers have sometimes been used in

' connection with various terms. Where a term is used in connection with a reference

number, this may be meant to refer to a specific element that is shown in one or more of the

. Figures. Where a term is used without a reference number, this may be meant to refer

30

generally to the term without limitation to any particular Figure.

The electronic device 1937 may also include one or more input devices 1932 TR




10

15

20

25

30

- 50 -

The term “determining” encompasses a wide vanety of actions and, therefore,

_:“detenmmng can include calculating, computing, processmg, deriving, mvestlgatmg,_
e lookmg up (e.g., looking up in & table a database or anothet data structure), ascertalmng
and the like. Also, “determining” can include receiving (e.g. . réceiving mformatlon)

| atcessing (&.g:; accessing data in a memory) and the like. Also, “determining” can include G

. tesolving, selectmg, choosing, establishing and the like.

“The phrase “based on” does not mean “based only on,” -un‘lé'ss_' expressly h
specified otherwise. In other words, the phrase “based on” desctibes both “based only on” -
and “based at least on.” |

It should be noted that one or more of the features, functions, procedures,

“components, élements, structures, etc., described in ‘connection with any one of the

configurations 'described herein may be combined with one or more of the functions,

‘procedures, components, elements, structures, etc., described in connection with any of the = . -

other configurations described herein, where compatible. In other words, any compatible »

combination of the functions, procedures, components, elements, etc., described herein may . -

- be implemented in accordance with the systems and methods disclosed herein.

The functions described herein may be stored as one or more instructioris on a
processor-readable or computer-readable medium. The term. “computer-readable medium”
refers to any available medium that can be accessed by a computer or processor. By way of
example, and not limitation, such a medium may comprise RAM, ROM, EEPROM, flash
memory, CD-ROM or other optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that can be used to store desired program code in the
form of instructions or data structures and that can be accessed by a computet. Disk and

disc, as used herein, includes compact disc (CD), laser disc, optical disc, digital versatile

~disc (DVD), floppy disk and Blu-ray® disc where disks usually reproduce data .

magnetically, while discs reproduce data optically with lasers. It should be noted that a’ _

_computer-readable medium may be tangible and non-transitory. The term “computer-

program product” refers to a computing device or processor in combination with code or

" instructions (e.g., a “program™) that may be executed, processed or computed by the

computing device or processor. As used herein, the term “code” may refer to software, - -

instructions, code or data that is/are executable by a computing device or processor.
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Software or mstructlons may also be transrmtted over a transmission mediuts.

. For example, if the software i$ transmitted from a webs1te server, or other remote source:,: : i _
' ""'USmg a coaxial cable, ﬁber optic cable, twisted pair, dxgltal subscriber line (DSL), ot :':""'{_-:_j’
| W1reless techriologies such as infrared, radio, and mlcrowave then the coaxial Cable, ﬁber'vj-ff-'-‘ :
' '. .optu; cable, t\msted palr, DSL, or wireless technologies such as infrared, radio, and
- ‘mictowave are included in the definition of transmission medium. , | S
. The methods disclosed herein comprise o6ne or more steps or actlons for' -

| achermg the described method. The method steps and/or actions may be mterchanged w1th‘ R
-one another without departing from the scope of the clanns.‘ In other words, uriless a_ o

specific order of steps or actions is required for proper operation of the method that is being o e

described, the order and/or use of specific steps and/or actions may be modified without

. departing from the scope of the claims.

It is to be understood that the claims are not limited to the precise configuration

and components illustrated above. Various modifications, changes and variations may be |
* made in the arrangement, operation and details of the systems, methods, and apparatus

~described herein without departing from the scope of the claims.
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- ~'extrapolat10n,

o 4.

Flgure 5 is a diagram 1llustratmg an example of frames over time

Figure 6 is a flow diagram ﬂlustratmg ‘one conﬁguration of : a method for |
. encoding aspcech signal byanencoder ' o , : Lo
Figure 7 is a diagram 1llustratmg an example of lme spectral frequéncy

g :(LSF)vector determination;

Figure 9 is a flow diagram illustrating one _con‘ﬁguratio‘n of a method for

decodmg an encoded speech signal by adecoder;

" Figure 10 is a diagram 111ustrat1ng one example ofclustered LSF du’nenswns

AR Flgure lisa graph 1llustratmg an eXample of artifacts due to clustéred LSF o -

. “dimensions;

15

Figure 12 is a block diagram illustrating one -conﬁg‘u‘ratioil'of an electronic
~ device conﬁg‘ured for mitigating potential frame instability;

. ) Figure 13 is a flow diagram illustrating one conﬁguration of a method for .
mitigating potential frame instability; . L
o Figure 14 is a flow diagram 1llus‘trat1ng a more specific conﬁguration ofa 1.

method for rmtigatmg potential frame instability;
Figure 15 is a flow diagram illustrating another more spemﬁc conﬁguration of a

method for mltigatmg potential frame instability;

Figure 16 is a flow diagram illustrating another more specific configuration ofa . ... .

- "method for mitigating potential frame instability;
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Figure 17 is a graph illustrating an example of a synthesized speech 51gna1
Figure 18 is a block diagram illustrating one configuration of a wireless
communication device in which systems and methods for mitigating potential frame

instability may be implemented; and

Figure 19 illustrates various componénts that may be utilized in an electronic =~ -

- device.

Figure § includes two diagrams 1llustrat1ng examples of LSF 1nterp¢_)1a,aon and_ R



DETAILED DESCRIPTION

Various configurations are now described with reference to the Figuie's, where
| like reference numbers may indicate functionally similar elements. The systems and |
 methods as generally described and illustrated in the Figures herein could be arranged and
designed in a wide variety of different configurations. Thus, the following more detailed S
description of several configurations, as tepresented in the Figutes, i$ not intended to hmlt SRR
** scope, as claimed, but is merely representative of the systems and methods. .

' Figure 1 is a block diagram illustrating a general example of an encode‘r 104 and -

“a decoder 108. The encoder 104 receives a speech signal 102. The speech sigtial 102 may

10:

“bea speech sxgnal in any frequency range. For example, the speech signal 102 may be a full ~

- . band signal with an approximate frequency range of 0-24 kilohertz (kHz), a superwideband

s

- 20.
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signal with an approximate frequency range of 0-16 kHz,a wideband signal with an

- approximate frequency range of 0-8 kHz, a narrowband signal with an approximate

- frequency range of 0-4 kHz, a lowband signal with an approximate frequency range of 50-" h

300 hertz (Hz) or a highband signal with ah approximate frequency fange of 4-8 kHz. Other

'possible fr"equéhcy ranges for the speech signal 102 include 300-3'400_ Hz (e.g., the

frequency range of the Public Switched Telephone Network (PSTN)), 14-20 kHz, 1620
kHz and 16-32 kHz. In some configurations, the speech signal 102 may be sampled at 16
kHz and may have an approximate frequency range of 0-8 kHz.

The encoder 104 encodes the speech signal 102 to prodiice an encoded spe‘ech
signal 106. In general, the encoded speech signal 106 includes one or more parameters ;that _

represent the speech signal 102.0ne or more of the parameters may be quantizéd. Examples

.of the one or more parameters include filter parameters (e.g., weighting factors,line spectral

frequencies (LSFs), line spectral pairs (LSPs), itnmittance spectral frequenci’es (ISFs),
immittance spectral pairs (ISPs),partial correlation (PARCOR) coefficients, reﬂedﬁOn .

coefficients and/or log-area-ratio values,etc.) and parameters included in an encoded

excitation signal (e.g., gain factors, adaptive codebook indices, adaptive codebook gains, -

fixed codebook indices and/or fixed codebook gains, etc.).The parameters may correspond

0 one or more frequency bands. The decoder 108 decodes the encoded speech signal 106 to

produce a decoded $peech signal 110. For example, the decoder 108constructs the deccj‘de'd

| speech signal 110 based on the one or more parameters included in the encoded speech
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o - .:.n';s1gnal 106 The decoded speech slgﬁal 110 may be an approxm‘late reproductlon of the_?:i‘-:;
o onglnal‘ speech signal 102. S . s s _‘
) 'The encoder 104 may be unplemented m hardware (e g cucmtfy) soﬂwar € ot a_

| - combination of both. For exdmple, the encoder 104 may be impletiiented as at application- '- :
s A Specxﬁc mtegrated circuit (ASIC) or as a processor with mstructlons Slmllarly, the decoder-. ’

e . 108 may be 1mplemented in hardware (e-g, cucultry), soﬁware or a combmatxon of both Lo n
~ For example, the' decoder 108 may be implemented as an-apphcatlon-speclﬁc mtegxatedl--' o t»
 Gircuit (ASIC) or as a processor with instructions. The encoder 104 and the decoder,108 -~ -
- may be impleniented on separate electronic devices or on the same electronic device. .~ o
1o _ Figure 2 is a block diagram illustrating an example of a basic imp'ierhentatidh of - '
| . an encoder 204 and 4 decoder 208. The encoder 204 may be one example of the encoder :
L ] 104 desctibed in ‘connection with Figure 1. The encoder 204 may lncludean analy51sh"-
" module 212, a coefficient transform 214, quant12er A 216, inverse quant12er A 218 mverse- B
~ coefficient transform A 220, an analysis filter 222 and quantizet B 224. One or more of the '~'-°i SN
18 cempohehts df the encoder 204 and/or decoder 208 may be implemented in hardware (e.‘é.; S B
| circuitry), software or a combination of both. L
The encoder 204 receives a speech signal 202. It should be noted that the speech L
signal 202 may iniclude any frequency range as described above in connection with Figure 1 -+ -
(e.g., an entire band of speech frequencies or a subband of speech frequencies).- |
2 In this example, the analysis module 212 encodes the spectral envelope of 4 |
- speech signal 202 as a set of linear prediction (LP) coefficients (e.g., analysis filter o
coefficients A(z), which may be applied to produce anall-pole syrithesis filter 1/4(z), whete . o -
z is a complex number). The analysis module 212 typically processes the input signal as a - e
- series of non-ovetlapping frames of the speech signal 202, with a new set of coefficients -
5 ‘being calcﬁlate’clll for each frame or subframe. In some configurations, the frame period may - o
~ be a period over which the speech signal 202 may be expected to be locally stationary. One - o
" common exarriple of the frame period is 20 milliseconds (mns) (equivalent to 160 samples at -~ 3
" a sampling rate of 8 kHz, for example). In one example, the analysis module 212 is " e
configured to calculate a set of ten linear prediction coefficients to characterize the formant o
3a stfuctlare' of each 20-ms frame. It is also possible to implement the analysis module 212 to .

process the speech signal 202 as a series of overlapping frames.
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The analysls module 212 may ‘be conﬁgured to analyze the Samples of each;

. frame d1rectly, or the samples may be weighted first accordmg to a Wmdovvmg funcuon . o

- (e g., a Harhining window). The analysis may also be performed over a WmeW tha't is ) cL

larger than the frame such as a 30-ms window. This window may be symmettic (e.g., 5-20-
.3, slmh that if mcludes the 5 milliseconds immediately before anid after the 20—mllhsecond 3

frame) of. asymmetnc (e.g., 10-20, such that it includes the last 10 rmlhseconds of thel.f;'_:_'r'

- predictioncoefficients using a Levinson-Durbin recursion or the_ Leroux-Gueguen

""".precedmg ﬁame) The ana]ys1s module 212 is typically cOnﬁgured to Calculate the’ lmear

- 'alg'drithm In another implementation, the analysis module may be conﬁ'g“ur'ed to calculate a

SR Set of cepstral coefficients for each frame instead of a set of linear predlctloncoefﬁcwnts

~ o little effect (_)n reproduction quality, by quantizing the coefﬁments._ ,_Lmear predlctlon__‘ Lo

15 5

25

__input vector (e.g., the LSF vector) as an index to a corresponding vector entry in atableor .- .-

.30 ' codebook.

The outpiit rate of the encoder 204may be reduced significantly, with relat1Vely"_='1?f:: |

coefficients' are difficult to quantize efficiently and are usually mapped into _another' R
_répresentation, such as LSFs for quantization and/or entropy encoding. In the exarhple' _

of Figure 2, the coefficient transform 214 transforms the set of coefficients intoa ,

. corresponding LSF vector (e.g., set of LSF dimensions). Other one-to-one repr‘esent‘ations »: e
:bf coefficients includeLSPs, PARCOR coefficients, reflection coefficients, log-area-tatio - -
values, ISPs and ISFs. For example, ISFs may be used in the GSM (Global, Syste‘h‘i_ for RO
Mobile Communications) AMR-WB (Adaptive Multirate-Wideband) codec. ':.Fof'

20 ‘convenience, the tetim “line spectral frequencies,” “LSF dimensions,” “LSF vectors”.and

related terms may be used to refer to one or more of LSFs, LSPs, fS'Fs, ISPs,PARCOR -

co'efﬁcie'nts,» reflection coefficients and logaarea-ratio values. Typically, a transform

‘between a set of coefficients and a corresponding LSF vector is reversible, but some -

configurations may include implementations of the encoder 204in which the transform is = -

not reversible without error.

Quantizer A 216 is configured to quantize the LSF vector (or other cbefﬁ¢ient-_ BT
‘representation). The encoder 204 may ocutput the result of this quantization as filter |
parameters 228. Quantizer A 216 typically includes a vector quantizer that ericodes the o
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CLAIMS:

1. A method for mitigating potential frame instability by an electronic device,

=
== - L
[ ?
pred 2 e
comprising: ™~ - 4
5 obtaining a first frame of a speech signal subsequent in time to an erasecl~j ]
frame, wherein the first frame is a correctly received frame; ;; o
generating a previous frame end line spectral frequency vector with framg : @
erasure concealment;
applying a received weighting vector to a first frame end line spectral
10

frequency vector and to the previous frame end line spectral frequency vector to
generate a first frame mid line spectral frequency vector, wherein the received
weighting vector corresponds to the first frame and is received from an encoder;

determining whether the first frame is potentially unstable;

applying a substitute weighting value instead of the received weighting
15  vector to the first frame end line spectral frequency vector and to the previous
frame end line spectral frequency vector to generate a stable frame parameter in
response to determining that the first frame is potentially unstable, wherein the

stable frame parameter is a mid line spectral frequency vector between the first

frame end line spectral frequency vector and the previous frame end line spectral

20 frequency vector; and

synthesizing a decoded speech signal based on the stable frame parameter.

2. The method of claim 1, further comprising interpolating a plurality of subframe

line spectral frequency vectors based on the mid line spectral frequency vector.
25

3. The method of claim 1, further comprising:

receiving an encoded excitation signal; and

dequantizing the encoded excitation signal to produce an excitation signal,

wherein synthesizing the decoded speech signal comprises filtering the excitation

30 signal based on the stable frame parameter.
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4. The method of claim 1, wherein the substitute weighting value is between 0 and 1.

5. The method of claim 1, wherein generating the stable frame parameter comprises
determining the mid line spectral frequency vector that is equal to a product of the
first frame end line spectral frequency vector and the substitute weighting value plus
a product of the previous frame end line spectral frequency vector and a difference

of one and the substitute weighting value.

6. The method of claim 1, wherein the substitute weighting value is selected based
on at least one of a classification of two frames and a line spectral frequency

difference between the two frames.

7. The method of claim 1, wherein determining whether the first frame is potentially
unstable is based on whether a first frame mid line spectral frequency is ordered in

accordance with a rule before any reordering.

8. The method of claim 1, wherein determining whether the first frame is potentially
unstable is based on whether the first frame is within a threshold number of frames

after the erased frame.

9. The method of claim 1, wherein determining whether the first frame is potentially
unstable is based on whether any frame between the first frame and the erased

frame utilizes non-predictive quantization.

10. An electronic device for mitigating potential frame instability, comprising:
decoder circuitry configured to generate a previous frame end line spectral
frequency vector with frame erasure concealment;
frame parameter determination circuitry configured to obtain a first frame of

a speech signal subsequent in time to an erased frame, wherein the first frame is a
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correctly received frame, and configured to apply a received weighting vector to a
first frame end line spectral frequency vector and to the previous frame end line
spectral frequency vector to generate a first frame mid line spectral frequency
vector, wherein the received weighting vector corresponds to the first frame and is
received from an encoder;

stability determination circuitry coupled to the frame parameter
determination circuitry, wherein the stability determination circuitry is configured to
determine whether the first frame is potentially unstable;

weighting value substitution circuitry coupled to the stability determination
circuitry, wherein the weighting value substitution circuitry is configured to apply a
substitute weighting value instead of the received weighting vector to the first frame
end line spectral frequency vector and to the previous frame end line spectral
frequency vector to generate a stable frame parameter in response to determining
that the first frame is potentially unstable, wherein the stable frame parameter is a
mid line spectral frequency vector between the first frame end line spectral
frequency vector and the previous frame end line spectral frequency vector; and a

synthesis filter configured to synthesize a decoded speech signal based on

the stable frame parameter.

11. The electronic device of claim 10, further comprising interpolation circuitry
configured to interpolate a plurality of subframe line spectral frequency vectors

based on the mid line spectral frequency vector.

12. The electronic device of claim 10, further comprising inverse quantizer circuitry
configured to receive and dequantize an encoded excitation signal to produce an
excitation signal, wherein the synthesis filter is configured to synthesize the decoded

speech signal by filtering the excitation signal based on the stable frame parameter.

13. The electronic device of claim 10, wherein the substitute weighting value is

between 0 and 1.
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14. The electronic device of claim 10, wherein the weighting value substitution
circuitry is configured to determine the mid line spectral frequency vector that is
equal to a product of the first frame end line spectral frequency vector and the
substitute weighting value plus a product of the previous frame end line spectral

frequency vector and a difference of one and the substitute weighting value.

15. The electronic device of claim 10, wherein the weighting value substitution
circuitry is configured to select the substitute weighting value based on at least one
of a classification of two frames and a line spectral frequency difference between the

two frames.

16. The electronic device of claim 10, wherein the stability determination circuitry is
configured to determine whether the first frame is potentially unstable based on
whether a first frame mid line spectral frequency is ordered in accordance with a

rule before any reordering.

17. The electronic device of claim 10, wherein the stability determination circuitry is
configured to determine whether the first frame is potentially unstable based on
whether the first frame is within a threshold number of frames after the erased

frame.

18. The electronic device of claim 10, wherein the stability determination circuitry is
configured to determine whether the first frame is potentially unstable based on
whether any frame between the first frame and the erased frame utilizes non-

predictive quantization.

19. A computer-program product for mitigating potential frame instability,
comprising a non-transitory tangible computer-readable medium having instructions

thereon, the instructions comprising:
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code for causing an electronic device to obtain a first frame of a speech signal
subsequent in time to an erased frame, wherein the first frame is a correctly
received frame;

code for causing the electronic device to generate an erased previous frame
end line spectral frequency vector with frame erasure concealment;

code for causing the electronic device to apply a received weighting vector to
a first frame end line spectral frequency vector and to the previous frame end line
spectral frequency vector to generate a first frame mid line spectral frequency
vector, wherein the received weighting vector corresponds to the first frame and is
received from an encoder;

code for causing the electronic device to determine whether the first frame is
potentially unstable;

code for causing the electronic device to apply a substitute weighting value
instead of the received weighting vector to the first frame end line spectral
frequency vector and to the previous frame end line spectral frequency vector to
generate a stable frame parameter in response to determining that the first frame is
potentially unstable, wherein the stable frame parameter is a mid line spectral
frequency vector between the first frame end line spectral frequency vector and the
previous frame end line spectral frequency vector; and

code for causing the electronic device to synthesize a decoded speech signal

based on the stable frame parameter.

20. The computer-program product of claim 19, further comprising code for causing
the electronic device to interpolate a plurality of subframe line spectral frequency

vectors based on the mid line spectral frequency vector.

21. The computer-program product of claim 19, further comprising:
code for causing the electronic device to receive an encoded excitation

signal; and
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code for causing the electronic device to dequantize the encoded excitation
signal to produce an excitation signal, wherein the code for causing the electronic
device to synthesize the decoded speech signal comprises code for causing the

electronic device to filter the excitation signal based on the stable frame parameter.

22. The computer-program product of claim 19, wherein the substitute weighting

value is between 0 and 1.

23. The computer-program product of claim 19, wherein generating the stable frame
parameter comprises determining the mid line spectral frequency vector that is
equal to a product of the first frame end line spectral frequency vector and the
substitute weighting value plus a product of the previous frame end line spectral

frequency vector and a difference of one and the substitute weighting value.

24. The computer-program product of claim 19, wherein the substitute weighting
value is selected based on at least one of a classification of two frames and a line

spectral frequency difference between the two frames.

25. The computer-program product of claim 19, wherein determining whether the
first frame is potentially unstable is based on whether a first frame mid line spectral

frequency is ordered in accordance with a rule before any reordering.

26. The computer-program product of claim 19, wherein determining whether the
first frame is potentially unstable is based on whether the first frame is within a

threshold number of frames after the erased frame.

27. The computer-program product of claim 19, wherein determining whether the
first frame is potentially unstable is based on whether any frame between the first

frame and the erased frame utilizes non-predictive quantization.
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28. An apparatus for mitigating potential frame instability, comprising:

means for obtaining a first frame of a speech signal subsequent in time to an
erased frame, wherein the first frame is a correctly received frame;

means for generating a previous frame end line spectral frequency vector
with frame erasure concealment;

means for applying a received weighting vector to a first frame end line
spectral frequency vector and to the previous frame end line spectral frequency
vector to generate a first frame mid line spectral frequency vector, wherein the
received weighting vector corresponds to the first frame and is received from an
encoder;

means for determining whether the first frame is potentially unstable;

means for applying a substitute weighting value instead of the received
weighting vector to the first frame end line spectral frequency vector and to the
previous frame end line spectral frequency vector to generate a stable frame
parameter in response to determining that the first frame is potentially unstable,
wherein the stable frame parameter is a mid line spectral frequency vector between
the first frame end line spectral frequency vector and the previous frame end line
spectral frequency vector; and

means for synthesizing a decoded speech signal based on the stable frame

parameter.

29. The apparatus of claim 28, further comprising means for interpolating a plurality
of subframe line spectral frequency vectors based on the mid line spectral frequency

vector.

30. The apparatus of claim 28, further comprising:
means for receiving an encoded excitation signal; and
means for dequantizing the encoded excitation signal to produce an

excitation signal,



10

15

20

25

59 °

wherein the means for synthesizing the decoded speech signal comprises

means for filtering the excitation signal based on the stable frame parameter.

31. The apparatus of claim 28, wherein the substitute weighting value is between 0

and 1.

32. The apparatus of claim 28, wherein generating the stable frame parameter
comprises determining the mid line spectral frequency vector that is equal to a
product of the first frame end line spectral frequency vector and the substitute
weighting value plus a product of the previous frame end line spectral frequency

vector and a difference of one and the substitute weighting value.

33. The apparatus of claim 28, wherein the substitute weighting value is selected
based on at least one of a classification of two frames and a line spectral frequency

difference between the two frames.

34. The apparatus of claim 28, wherein determining whether the first frame is
potentially unstable is based on whether a first frame mid line spectral frequency is

ordered in accordance with a rule before any reordering.

35. The apparatus of claim 28, wherein determining whether the first frame is
potentially unstable is based on whether the first frame is within a threshold number

of frames after the erased frame.

36. The apparatus of claim 28, wherein determining whether the first frame is
potentially unstable is based on whether any frame between the first frame and the

erased frame utilizes non-predictive quantization.
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