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3000 K STREET NW bit stream representing frames of data encoded according to 

BOX IP ’ a ?rst compression standard (NflEiLP codingds'tandard) to a bidt 
stream representing rames o ata accor mg to a secon 
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(22) Filed; Sep_ 13, 2002 set of parameters are transformed into a second set of 

parameters compatible With a second compression standard 
Related US, Application Data Without converting the ?rst set of parameters to an analog or 

digital Waveform representation. Lastly, the second set of 
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COMPRESSED DOMAIN VOICE ACTIVITY 
DETECTOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 09/822,503 ?led Apr. 2, 2001 (“Com 
pressed Domain Universal Transcoder”). 

FIELD OF THE INVENTION 

[0002] The present invention relates to speech coders and 
speech coding methods. More speci?cally, the present 
invention relates to a system and method for transcoding a 
bit stream encoded by a ?rst speech coding format into a bit 
stream encoded by a second speech coding format. 

BACKGROUND OF THE INVENTION 

[0003] The term speech coding refers to the process of 
compressing and decompressing human speech. LikeWise, a 
speech coder is an apparatus for compressing (also referred 
to herein as coding) and decompressing (also referred to 
herein as decoding) human speech. Storage and transmission 
of human speech by digital techniques has become Wide 
spread. Generally, digital storage and transmission of speech 
signals is accomplished by generating a digital representa 
tion of the speech signal and then storing the representation 
in memory, or transmitting the representation to a receiving 
device for synthesis of the original speech. 

[0004] Digital compression techniques are commonly 
employed to yield compact digital representations of the 
original signals. Information represented in compressed 
digital form is more efficiently transmitted and stored and is 
easier to process. Consequently, modem communication 
technologies such as mobile satellite telephony, digital cel 
lular telephony, land-mobile telephony, Internet telephony, 
speech mailboxes, and landline telephony make extensive 
use of digital speech compression techniques to transmit 
speech information under circumstances of limited band 
Width. 

[0005] A variety of speech coding techniques exist for 
compressing and decompressing speech signals for efficient 
digital storage and transmission. It is the aim of each of these 
techniques to provide maximum economy in storage and 
transmission While preserving as much of the perceptual 
quality of the speech as is desirable for a given application. 

[0006] Compression is typically accomplished by extract 
ing parameters of successive sample sets, also referred to 
herein as “frames”, of the original speech Waveform and 
representing the extracted parameters as a digital signal. The 
digital signal may then be transmitted, stored or otherWise 
provided to a device capable of utiliZing it. Decompression 
is typically accomplished by decoding the transmitted or 
stored digital signal. In decoding the signal, the encoded 
versions of extracted parameters for each frame are utiliZed 
to reconstruct an approximation of the original speech 
Waveform that preserves as much of the perceptual quality 
of the original speech as possible. 

[0007] Coders Which perform compression and decom 
pression functions by extracting parameters of the original 
speech are generally referred to as parametric coders or 
vocoders. Instead of transmitting ef?ciently encoded 
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samples of the original speech Waveform itself, parametric 
coders map speech signals onto a mathematical model of the 
human vocal tract. The excitation of the vocal tract may be 
modeled as either a periodic pulse train (for voiced speech), 
or a White random number sequence (for unvoiced speech). 
The term “voiced” speech refers to speech sounds generally 
produced by vibration or oscillation of the human vocal 
cords. The term “unvoiced ” speech refers to speech sounds 
generated by forming a constriction at some point in the 
vocal tract, typically near the end of the vocal tract at the 
mouth, and forcing air through the constriction at a sufficient 
velocity to produce turbulence. Speech coders Which 
employ parametric algorithms to map and model 

[0008] There are several types of vocoders on the market 
and in common usage, each having its oWn set of algorithms 
associated With the vocoder standard. Three of these vocoder 
standards are: 

[0009] 1. LPC-10 (Linear Prediction Coding): a Fed 
eral Standard, having a transmission rate of 2400 
bits/sec. LPC-10 is described, e.g., in T. Tremain, 
“The Government Standard Linear Prediction Cod 
ing Algorithm: LPC-10, ” Speech Technology Maga 
zine, pp. 40-49, April 1982). 

[0010] 2. MELP (Mixed Excitation Linear Predic 
tion): another Federal Standard, also having a trans 
mission rate of 2400 bits/sec. Adescription of MELP 
can be found in A. McCree, K. Truong, E. George, T. 
BarnWell, and V. VisWanathan, “A 2.4 kb/sec MELP 
Coder Candidate for the new US. Federal Standard,” 
Proc. IEEE Conference on Acoustics, Speech and 
Signal Processing, pp. 200-203, 1996. 

[0011] 3. TDVC (Time Domain Voicing Cutoff): A 
high quality, ultra loW rate speech coding algorithm 
developed by General Electric and Lockheed Martin 
having a transmission rate of 1750 bits/sec. TDVC is 
described in the following US. Pat. Nos. 6,138,092; 
6,119,082; 6,098,036; 6,094,629; 6,081,777; 6,081, 
776; 6,078,880; 6,073,093; 6,067,511. TDVC is also 
described in R. Zinser, M. Grabb, S. Koch and G. 
Brooksby, “Time Domain Voicing Cutoff (TDVC): A 
High Quality, LoW Complexity 1.3-2.0 kb/sec 
Vocoder,” Proc. IEEE Workshop on Speech Coding 
for Telecommunications, pp. 25-26, 1997. 

[0012] When different units of a communication system 
use different vocoder algorithms, transcoders are needed 
(both Ways, A-to-B and B-to-A) to communicate betWeen 
and amongst the units. For example, a communication unit 
employing LPC-10 speech coding can not communicate 
With a communication unit employing TDVC speech coding 
unless there is an LPC-to-TDVC transcoder to translate 
betWeen the tWo speech coding standards. Many commercial 
and military communication systems in use today must 
support multiple coding standards. In many cases, the 
vocoders are incompatible With each other. 

[0013] TWo conventional solutions that have been imple 
mented to interconnect communication units employing 
different speech coding algorithms consist of the folloWing: 

[0014] 1) Make all neW terminals support all existing 
algorithms. This “loWest common denominator” 
approach means that neWer terminals cannot take 
advantage of improved voice quality offered by the 
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advanced features of the neWer speech coding algo 
rithms such as TDVC and MELP When communi 
cating With older equipment Which uses an older 
speech coding algorithm such as LPC. 

[0015] 2) Completely decode the incoming bits to 
analog or digital speech samples from the ?rst 
speech coding standard, and then reencode the ana 
log speech samples using the second speech coding 
standard. This process is knoWn a tandem connec 
tion. The problem With a tandem connection is that 
it requires signi?cant computing resources and usu 
ally results in a signi?cant loss of both subjective and 
objective speech quality. A tandem connection is 
illustrated in FIG. 1. Vocoder decoder 102 and D/A 
104 decodes an incoming bit stream representing 
parametric data of a ?rst speech coding algorithm 
into an analog speech sample. A/D 106 and vocoder 
encoder 108 reencodes the analog speech sample 
into parametric data encoded by a second speech 
coding algorithm. 

[0016] What is needed is a system and method for 
transcoding compressed speech from a ?rst coding standard 
to a second coding standard Which 1) retains a high degree 
of speech quality in the transcoding process, 2) takes advan 
tage of the improved voice quality features provided by 
neWer coding standards, and 3) minimiZes the use of com 
puting resources. The minimiZation of computing resources 
is especially important for space-based transcoders (such as 
for use in satellite applications) in order to keep poWer 
consumption as loW as possible. 

SUMMARY OF THE INVENTION 

[0017] The system and method of the present invention 
comprises a compressed domain universal transcoder archi 
tecture that greatly improves the transcoding process. The 
compressed domain transcoder directly converts the speech 
coder parametric information in the compressed domain 
Without converting the parametric information to a speech 
Waveform representation during the conversion. The para 
metric model parameters are decoded, transformed, and then 
re-encoded in the neW format. The process requires signi? 
cantly less computing resources than a tandem connection. 
In some cases, the CPU time and memory savings can 
eXceed an order of magnitude. 

[0018] The method more generally comprises transcoding 
a bit stream representing frames of data encoded according 
to a ?rst compression standard (MELP coding standard) to 
a bit stream representing frames of data according to a 
second compression standard (TDVC coding standard). The 
bit stream is decoded into a ?rst set of parameters compat 
ible With a ?rst compression standard. NeXt, the ?rst set of 
parameters are transformed into a second set of parameters 
compatible With a second compression standard Without 
converting the ?rst set of parameters to an analog or digital 
Waveform representation. Lastly, the second set of param 
eters are encoded into a bit stream compatible With the 
second compression standard. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 depicts a block diagram illustrating a con 
ventional tandem connection. 
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[0020] FIG. 2 depicts a block diagram illustrating the 
general architecture of the compressed domain universal 
transcoder of the present invention. 

[0021] FIG. 3 depicts a block diagram illustrating an 
LPC-to-MELP transcoding process. 

[0022] FIG. 4 depicts a block diagram illustrating a 
MELP-to-LPC transcoding process. 

[0023] FIG. 5 depicts a block diagram illustrating a LPC 
to-TDVC transcoding process. 

[0024] FIG. 6 depicts a block diagram illustrating a 
MELP-to-TDVC transcoding process. 

[0025] FIG. 7 depicts a block diagram illustrating a 
TDVC-to-LPC transcoding process. 

[0026] FIG. 8 depicts a block diagram illustrating a 
TDVC-to-MELP transcoding process. 

[0027] FIG. 9 depicts a block diagram illustrating a Com 
pressed Domain Conference Bridge. 

[0028] 
[0029] FIG. 11 depicts a Compressed Domain Voice Acti 
vation Detector (CDVAD). 

[0030] FIG. 12A depicts a block diagram illustrating a 
multi-frame encoding and decoding process. 

[0031] FIG. 12B depicts 5-bit and 4-bit quantiZer tables 
used for multi-frame gain encoding and decoding. 

FIG. 10 depicts a dual synthesiZer state diagram. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0032] 1. Compressed Domain Universal Transcoder 

[0033] The transcoding technology of the present inven 
tion greatly improves the transcoding process. The 
transcoder directly converts the speech coder parametric 
information in the compressed domain Without converting 
the parametric information to an analog speech signal during 
the conversion. The parametric model parameters are 
decoded, transformed, and then re-encoded in the neW 
format. The process requires signi?cantly less computing 
resources than the tandem connection illustrated in FIG. 1. 
In some cases, the CPU time and memory savings can 
eXceed an order of magnitude. 

[0034] In general terms, the transcoder of the present 
invention performs the folloWing steps: 1) decode the 
incoming bit stream into the vocoder parameters, 2) trans 
form the vocoder parameters into a neW set of parameters for 
the target output vocoder, and 3) encode the transformed 
parameters into a bit stream compatible With the target 
output coder. 

[0035] FIG. 2 is a block diagram illustrating the general 
transcoding process 200 of the present invention. The pro 
cess 200 shoWn in FIG. 2 is the general conversion process 
that is used to convert an incoming bit stream encoded With 
a ?rst coding standard to an output bit stream encoded With 
a second coding standard. For eXample, an incoming bit 
stream encoded With the LPC coding standard could be 
converted to the MELP coding standard, or an incoming bit 
stream encoded in MELP coding standard could be con 
verted to the TDVC coding standard. The process shoWn in 
FIG. 2 illustrates the general process of the present inven 
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tion that applies to all of the possible conversions (e.g. LPC 
to MELP, LPC to TDVC, MELP to LPC, etc). Each of the 
six individual transcoder conversions betWeen LPC, MELP, 
and TDVC Will later be described individually in more detail 
beloW With respect to sections 2-7 beloW and FIGS. 3-8. 

[0036] As shoWn in FIG. 2, an incoming bit stream is 
received by demultiplexing and FEC (forWard error correc 
tion decoding) step 201. The incoming bit stream represents 
frames containing parameters of a ?rst coding standard such 
as LPC-10, MELP, or TDVC. This ?rst coding standard Will 
also be referred to as the “input coding standard.”In step 
201, forWard error correction decoding is performed on the 
incoming data frames, and the copies of each frame are 
distributed to steps 202, 204, 206, and 208, respectively. 
FEC adds redundant bits to a block of information to protect 
from errors. 

[0037] There are four basic types of parameters used in 
loW rate vocoders: 1) gross spectrum, 2) pitch, 3) RMS 
poWer (or gain), and 4) voicing. Within these four categories 
of parameter types, each coding standard employs different 
numbers and kinds of parameters. For example, LPC-10 
employs one voicing parameter comprised of only a single 
voicing bit per half-frame of data, Whereas MELP employs 
a total of seven voicing parameters per frame (?ve voicing 
parameters representing bandpass voicing strengths, one 
overall voiced/unvoiced ?ag, and one voicing parameter 
called the “jitter ?ag”) in an effort to enhance speech quality. 

[0038] In steps 202, the spectral parameters of the ?rst 
coding standard are decoded from the incoming data frames. 
In step 204, the voicing parameters of the ?rst coding 
standard are decoded from the incoming data frames. In step 
206, the pitch parameters of the ?rst coding standard are 
decoded from the incoming data frames. In step 208, the 
gain parameters of the ?rst coding standard are decoded 
from the incoming data frames. 

[0039] In step 210, 212, 214, and 216, the decoded param 
eters of the input coding standard are converted to spectrum, 
voicing, pitch and gain parameters, respectively, of the 
output coding standard. Each type of conversion is described 
in detail in the sections beloW for each speci?c type of 
transcoder conversion. Note that the conversion from input 
coding standard parameters to output coding standard 
parameters is not alWays a simple one to one conversion of 
parameters. For example, the output voicing parameters 
could be a function of both the input voicing parameters and 
the input spectrum parameters (this is true, for example, for 
the MELP to LPC transcoding conversion, described 
beloW). Other operations are also used in the conversion 
process to improve the output sound quality such as inter 
polation operations, smoothing operations, and formant 
enhancement described further in sections 2-7 beloW. 

[0040] The parameters produced by the conversion steps 
210, 212, 214, and 216 Will be either ?oating point numbers 
or ?xed point numbers, depending on the particular output 
coding standard. For example, the MELP and TDVC stan 
dards use ?oating point numbers, Whereas the LPC-10 
standard uses ?xed point numbers. 

[0041] Encoding steps 218, 220, 222, and 224 encode and 
quantiZe the output spectrum, voicing, pitch and gain param 
eters, respectively, using the standard quantiZation/encoding 
algorithms of the output coding standard. Lastly, in step 226, 
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the output parameters are combined into frames, forWard 
error correction encoding is performed, and the output bit 
stream representing frames of the output coding standard are 
transmitted. 

[0042] Each of the folloWing individual transcoding pro 
cesses Will noW be described in detail. 

[0043] 1. LPC to MELP Transcoder 

[0044] 2. LPC to TDVC Transcoder 

[0045] 3. MELP to LPC Transcoder 

[0046] 4. MELP to TDVC Transcoder 

[0047] 5. TDVC to LPC Transcoder 

[0048] 6. TDVC to MELP Transcoder 

[0049] The general transcoding method illustrated in FIG. 
2 and the conversion techniques described beloW can also be 
applied to create trancoders for conversion betWeen other 
coding standards besides LPC, MELP, and TDVC that are 
currently in usage or being developed. 

[0050] 2. LPC-to-MELP Transcoder 

[0051] FIG. 3 illustrates a transcoding method 300 for 
converting a bit stream representing frames encoded With 
the LPC-10 coding standard to a bit stream representing 
frames encoded With the MELP coding standard. In step 
302, an incoming bit stream is received. The incoming bit 
stream represents LPC-10 frames containing LPC-10 
parameters. ForWard error correction (FEC) decoding is 
performed on the incoming bit stream. The incoming bit 
stream is also decoded by extracting LPC-10 spectrum, 
pitch, voicing, and gain parameters from the incoming bit 
stream. The parameters are then distributed to spectrum 
conversion step 304, voicing conversion step 312, pitch 
conversion step 316 and gain conversion step 322. Each of 
these conversion processes Will noW be described in detail. 

[0052] 
[0053] The LPC-10 spectrum parameters are referred to as 
“re?ection coef?cients” (RCs) Whereas the MELP spectrum 
parameters are referred to as “line spectrum frequencies” 
(LSFs). The conversion of RCs to LSFs is performed in steps 
304, 306, 3108, and 310, and Will noW be described in detail. 

[0054] In step 304, the LPC-10 re?ection coef?cients (RC) 
are ?rst converted to their equivalent normaliZed autocor 
relation coefficients The LPC-10 re?ection coefficients 
(RC) are also converted to their equivalent predictor ?lter 
coef?cients (A); the predictor ?lter coefficients (A) are saved 
for later use in formant enhancement step 308. Both of these 
conversions (RC—>R, RC—>A) are performed by using Well 
knoWn transformations. In order to avoid truncation effects 
in subsequent steps, the autocorrelation conversion (RC—>R) 
recursion is carried out to 50 lags (setting RCs above order 
10 to Zero). The resulting values for the autocorrelation 
coef?cients (R) are stored symmetrically in a ?rst array. 

[0055] In step 306, the “preemphasis” is removed from the 
LPC-10 autocorrelation (R) coefficients. To explain Why this 
is performed, ?rst an explanation of preemphasis is provided 
as folloWs. When encoding speech according to the LPC 
speech coding algorithm standard, an operation knoWn as 
“preemphasis” is performed on the sampled speech signal 
prior to spectral analysis. Preemphasis is performed by 

a. Spectrum Conversion 
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applying a ?rst order FIR ?lter prior to spectral analysis. 
This preemphasis operation attenuates the bass frequencies 
and boosts the treble frequencies. The purpose of preem 
phasis is to aid in the computations associated With a ?xed 
point processor; preemphasis makes it less likely for the 
?xed point processor to get an instability from an under?oW 
or an over?oW condition. 

[0056] NeWer speech coding algorithms such as MELP 
and TDVC do not perform preemphasis because they Were 
designed for modem signal processing hardWare that has 
Wider data paths. Therefore, a MELP synthesiZer expects 
spectral coefficients that Were produced directly from the 
sampled speech signal Without preemphasis. 

[0057] Because LPC uses preemphasis, While MELP does 
not, in step 306 the preemphasis effects are removed from 
the LPC-10 spectral coef?cients. Preemphasis removal is 
performed as folloWs. The symmetrical autocorrelation 
coef?cients of a deemphasis ?lter are calculated 
beforehand and stored in a-second array matching the format 
of the ?rst array of autocorrelation coef?cients (R) created in 
step 304. The deemphasis ?lter is a single pole IIR ?lter and 
is generally the inverse of the preemphasis ?lter used by 
LPC-10, but different preemphasis and deemphasis coef? 
cients may be used. The LPC-10 standard uses 0.9375 for 
preemphasis and 0.75 for deemphasis. Because the deem 
phasis ?lter has IIR characteristics, the autocorrelation func 
tion is carried out to 40 time lags. The autocorrelation values 
are obtained by convolving the impulse response of the ?lter. 

[0058] A modi?ed set of spectral autocorrelation coeffi 
cients is calculated via convolving the R values With the HH 
values as folloWs: 

[0059] The resulting modi?ed autocorrelation coefficients 
R‘ Will be referred to herein as “deemphasiZed” autocorre 
lation coef?cients, meaning that the LPC-10 preemphasis 
effects have been removed. Note that by removing the 
preemphasis in the correlation domain (i.e. removing the 
preemphasis from autocorrelation coef?cients rather than 
the re?ection coef?cients or ?lter coef?cients), computa 
tional complexity can be reduced. 

[0060] The deemphasiZed autocorrelation coef?cients R‘ 
are then converted to deemphasiZed re?ection coefficients 
(RC‘) and deemphasiZed predictor ?lter coef?cients (A‘), 
using Well knoWn conversion formulas. The stability of the 
synthesis ?lter formed by the coef?cients is checked; if the 
?lter is unstable, the maximum order stable model is used 
(eg all RC‘ coef?cients up to the unstable coef?cient are 
used for the conversion to A‘ coef?cients). The RC and RC‘ 
values are saved for use by the “Compute LPC Gain Ratio” 
step 320, described further beloW. 

[0061] In step 308, formant enhancement is performed. 
The perceptual quality produced by loW rate speech coding 
algorithms can be enhanced by attenuating the output speech 
signal in areas of loW spectral amplitude. This operation is 
knoWn as formant enhancement. Formant enhancement 
sharpens up the spectral peaks and depresses the valleys to 
produce a crisper sound that is more intelligible. Format 
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enhancement is conventionally performed during the pro 
cess of decoding the bit stream into an analog speech signal. 
HoWever, according to the present invention, it has been 
found that formant enhancement can be used to in the 
transcoding process 300 to produce a better sounding speech 
output. 

[0062] TWo methods of formant enhancement are 
described in detail in sections 12 and 13 beloW. Section 12 
describes a method of formant enhancement performed in 
the correlation domain. Section 13 describes a second 
method of formant enhancement performed in the frequency 
domain. The formant enhancement method performed in the 
correlation domain utiliZes both the non-deemphasiZed ?lter 
coef?cients (A) and the deemphasiZed ?lter coef?cients (A‘). 
Both methods of formant enhancement produce good 
results. Which one is preferable is a subjective determination 
made by the listener for the particular application. 

[0063] Formant enhancement step 310 outputs 
“enhanced” deemphasiZed LPC-10 ?lter coefficients (A“), 
Wherein the term “enhanced” means that formant enhance 
ment has been performed. The transcoding process of the 
present invention illustrated in FIG. 3 could potentially be 
performed Without formant enhancement step 308. HoW 
ever, formant enhancement has been found to substantially 
improve the speech quality and understandability of the 
MELP output. 

[0064] In step 310, the enhanced deemphasiZed LPC-10 
?lter coef?cients (A“) are converted to MELP line spectrum 
frequencies This conversion is made by using Well 
knoWn transformations. In step 310, the MELP LSFs are 
then adaptively smoothed. With modem vocoders like 
MELP and TDVC, because of the Way the quantiZation error 
is handled, the voice often obtains an undesirable vibrato 
like sound if smoothing is not performed. Thus, in step 310, 
a smoothing function is applied to reduce this undesirable 
vibrato effect. The smoothing function is designed to reduce 
small ?uctuations in the spectrum When there are no large 
frame-to-frame spectrum changes. Large ?uctuations are 
alloWed to pass With minimum smoothing. The folloWing 
C-code segment is an example of such a smoother. Note that 
this segment is only an example, and any algorithm having 
a smoothing effect similar to that described above could be 
used. 

[0065] Where lsp[i] are the current frame’s LSF 
coef?cients, old1sp[i] are the previous frame’s LSF 
coef?cients, and delta is a ?oating point temporary 
variable. 

[0066] MELP also has the provision for encoding the ?rst 
10 harmonic amplitudes for voiced speech. These harmonic 
amplitudes can either be set to Zero or generated as folloWs. 
US. Pat. No. 6,098,036 to Zinser et al., “Speech Coding 
System and Method Including Spectral Formant Enhancer,” 
discloses a spectral formant enhancement algorithm to gen 
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erate these harmonic amplitudes. In particular, the process 
described in columns 17 and 18 can be used to generate 10 
amplitudes (amp(k), k=1 . . . 10) from Equation 7 in column 
18. Further enhancement may be achieved by utilizing the 
method described in Grabb, et al., US. Pat. No. 6,081,777, 
“Enhancement of Speech Signals Transmitted Over a 
Vocoder Channel”, and modifying the ?rst three harmonic 
amplitudes amp(k) according to the values given in FIG. 5 
and the accompanying equation. 

[0067] It Was found that generating harmonic amplitudes 
in this manner produced a superior output quality sound for 
the TDVC to MELP transcoder (described in section 7, 
beloW). HoWever, the improvement for the LPC-10 to 
MELP transcoder Was not as signi?cant. Therefore, for the 
LPC-10 to MELP transcoder, it may be desirable to simply 
set the MELP harmonic amplitudes to Zero, to reduce 
computational compleXity. 

[0068] After multiplication by a factor of 2 (to match 
scaling conventions), the smoothed LSFs are encoded 
according to the MELP quantization standard algorithm. 

[0069] b. Voicing Conversion and Jitter Factor Conversion 

[0070] In step 312, the LPC-10 voicing parameters are 
converted into MELP voicing parameters. This is not a 
simple one-to-one conversion because LPC-10 uses only a 
single voicing parameter, Whereas MELP uses several voic 
ing parameters. Thus, a method has been devised according 
to the present invention for assigning MELP parameters 
based on the LPC-10 parameters Which produces superior 
sound quality. 

[0071] The LPC-10 coding standard uses only a single 
voicing bit per half-frame representing either voiced or 
unvoiced; i.e., each half-frame is either voiced or unvoiced. 
In order to provide improved sound quality, the neWer 
MELP coding standard uses seven different voicing param 
eters: ?ve bandpass voicing strengths, one overall voiced/ 
unvoiced ?ag, and one voicing parameter called the “jitter 
?ag” Which is used to break up the periodicity in the voiced 
excitation to make the speech sound less buZZy during 
critical transition periods. 

[0072] The conversion process of the present invention 
uses the expanded voicing features of the MELP synthesiZer 
to advantage during transitional periods such as voicing 
onset, described as folloWs. The LPC voicing bits are 
converted to MELP voicing parameters according to three 
different situations: 

[0073] (1) mid-frame onset (the ?rst LPC half-frame 
is unvoiced and the second half-frame is voiced). 

[0074] (2) fully voiced (both half-frames are voiced). 

[0075] (3) fully un-voiced mid-frame unvoiced tran 
sition (either both half-frames are unvoiced or the 
?rst frame is voiced and the second half-frame is 

unvoiced). 
[0076] The method is illustrated by the piece of C code 
beloW. Testing has found that this method provides the 
superior sound performance. This method tends to provide a 
smoother transition from voiced to unvoiced transitions. The 
folloWing C-code segment illustrates the method of convert 
ing LPC-10 voicing bits to the MELP voicing parameters: 
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/* fully unvoiced and mid-frame unvoiced transition */ 
else { 

melp—>uvi?ag = 1; 
melp—>jitter = 0.25; 
for (i=0; i<NUMiBANDS; i++) 

melp—>bpvc[i] = 0.0; 

[0077] Where lpc avoice[0] and lpc avoice[1] are the 
half-frame LPC voicing bits (0=unvoiced), melp auv_?ag 
is the MELP overall unvoiced ?ag (0=unvoiced), melp 
ajitter is the MELP jitter ?ag, and melp—>bpvc[i] are the 
MELP bandpass voicing strengths. Note that for the transi 
tion from unvoiced to voiced, the top tWo MELP voicing 
bands are forced to be unvoiced. This reduces perceptual 
buZZiness in the output speech. 

[0078] In step 314, the MELP voicing and jitter param 
eters are encoded according to the MELP quantiZation 
standard algorithm. 

[0079] 
[0080] In step 316, the LPC-10 pitch parameters are 
converted to MELP pitch parameters. The LPC-10 coding 
standard encodes pitch by a linear method Whereas MELP 
encodes pitch logarithmically. Therefore, in step 316, the 
logarithm is taken of the LPC-10 pitch parameters to convert 
to the MELP pitch parameters. In step 318, the MELP pitch 
parameters are encoded using the MELP quantiZation stan 
dard algorithm. 

[0081] d. Gain (RMS) Conversion 

[0082] The conversion from LPC-10 RMS gain param 
eters to MELP gain parameters begins in step 322. In step 
322, the LPC-10 RMS gain parameters are scaled to account 
for the preemphasis removal performed on the LPC-10 
spectral coef?cients in step 306. To eXplain, as mentioned 
previously, LPC-10 coding adds preemphasis to the sampled 
speech signal prior to spectral analysis. The preemphasis 
operation, in addition to attenuating the bass and increasing 
the treble frequencies, also reduces the poWer level of the 
input signal. The poWer level is reduced in a variable fashion 
depending on the spectrum. Therefore, the effect of remov 
ing the preemphasis in step 306 must be accounted for 
accordingly When converting the gains from LPC to MELP. 
The preemphasis removal is accounted for by scaling the 
gains in step 322. 

[0083] In step 320, an “LPC gain ratio” is calculated for 
each neW frame of parametric data. The LPC gain ratio is the 

c. Pitch Conversion 
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ratio of the LPC predictor gains derived from the spectrum 
before and after preemphasis removal (deemphasis addition) 
in step 306. If 

1 
lpcgainl : 

[0084] is de?ned as the synthesis ?lter gain before pre 
emphasis removal and: 

l 
lpcgainZ : 

[0085] is de?ned as the synthesis ?lter gain after preem 
phasis removal, then the scaling factor (i.e., the LPC Gain 
Ratio) to be used for the LPC-10 gain is 

8 * lpcgainZ 
scale : 6 lpcgaml 

[0086] The factor of 8 is included to accommodate the 13 
bit input and output sample scaling in LPC-10 (MELP 
utiliZes 16 bit input and output samples). In step 322, the 
LPC RMS gain parameter is scaled by the LPC Gain Ratio 
calculated in step 320. 

[0087] Steps 324 addresses another dif?culty in the gain 
conversion process Which is that MELP uses tWo gain 
parameters per frame, Whereas LPC uses only one gain 
parameter per frame. MELP employs a ?rst gain parameter 
for the ?rst half frame, and a second gain parameter for the 
second half frame. There thus needs to be a method for 
assigning the tWo half-frame MELP gains Which produce a 
good quality sounding output. 

[0088] A simple method of assigning MELP gains Would 
be to simply set both of the MELP gains equal to the LPC 
RMS gain. HoWever, it has been found that a better result is 
obtained if the tWo MELP gains are generated by taking a 
logarithmic average of the LPC RMS gains from frame to 
frame. This is performed in steps 324 and 326. As illustrated 
by the C-code segment-beloW, the ?rst MELP frame gain is 
assigned to be equal to the logarithmic average of the old 
LPC RMS gain from the last frame and the neW LPC RMS 
gain from the current frame. The second MELP gain is set 
equal to the LPC RMS gain for the current frame. This 
method of assigning MELP gains provides a smooth tran 
sition. 

[0089] The folloWing C-code segment illustrates this 
method of calculating the gains: 

[0090] LPCrms and LPCrmsold represent the scaled LPC 
RMS gains computed in step 322. LPCrms is the current 
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frame’s gain, While LPCrmsold is the previous frame’s 
scaled gain. melp=>gain[0] and melp->gain[1] are the 
MELP half frame gains, poW( ) is the C library poWer 
function, and log10( ) is the C-library base-10 logarithm 
function. 

[0091] In step 326, the logarithmic value of the tWo MELP 
gains are provided to encoding step 328. In step 328, the 
MELP half-frame gains are encoded using the standard 
MELP logarithmic quantiZation algorithm. 

[0092] In step 330, the encoded MELP spectrum, voicing, 
pitch, and gain parameters are inserted into MELPs frame 
and forWard error correction (FEC) coding is performed. An 
output bit stream representing the MELP frames is then 
transmitted to a desired recipient. 

[0093] 3. MELP to LPC Transcoder 

[0094] FIG. 4 illustrates a transcoding method 400 for 
converting a bit stream representing frames encoded With 
the MELP coding standard to a bit stream representing 
frames encoded With the LPC-10 coding standard. In step 
402, an incoming bit stream is received. The incoming bit 
stream represents MELP frames containing MELP param 
eters. In step 402, forWard error correction (FEC) decoding 
is performed on the incoming bit stream. The MELP frames 
are also decoded by extracting the MELP spectrum, pitch, 
voicing, and gain parameters from the MELP frames. The 
MELP parameters are then distributed to steps 404, 412, 416 
and 420 for conversion to LPC-10 spectrum, voicing, pitch 
and gain parameters, respectively. Each of these conversion 
processes Will noW be described in detail. 

[0095] a. Spectrum Conversion 

[0096] In step 404, the MELP LSFs are converted to their 
equivalent normaliZed autocorrelation coef?cients R using 
Well knoWn transformations. In step 406, preemphasis is 
added to the autocorrelation coef?cients R. As mentioned 
previously for the LPC to MELP transcoder (section 2, 
above), LPC-10 speech encoders add preemphasis to the 
originally sampled (nominal) speech signal before the LPC 
10 spectral analysis and encoding is performed. Thus, 
transcoder 400 must modify the autocorrelation coefficients 
R to produce modi?ed autocorrelation coef?cients Which are 
equivalent to autocorrelation coef?cients that Would have 
been produced had the original nominal speech signal been 
preemphasiZed prior to LPC-10 encoding. 

[0097] The LPC-10 0.9375 preemphasis coef?cient must 
be superimposed on the spectrum. This is performed in the 
correlation domain by performing the folloWing operation 
on the autocorrelation (R) coef?cients: 

[0098] Where R‘(i) are the preemphasiZed autocorrelation 
coef?cients. Note that the input set of R(i)s must be com 
puted out to 11 lags to avoid truncation. The preemphasiZed 
autocorrelation coef?cients R‘ are then transformed to pre 
emphasiZed predictor ?lter coef?cients A‘ using Well knoWn 
transformations. As noted in section 2, above, performing 
the preemphasis addition in the correlation domain reduces 
computational complexity. 

[0099] In step 408, formant enhancement is performed. 
The purpose of formant enhancement step 408 is the same 
as formant enhancement step 308 described above for the 
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LPC-10 to MELP transcoder. TWo methods of formant 
enhancement are described in detail in sections 12 and 13 
below. Section 12 describes a method of formant enhance 
ment performed in the correlation domain. Section 13 
describes a second method of formant enhancement per 
formed in the frequency domain. Both methods of formant 
enhancement produce good results. Which one is preferable 
is a subjective determination made by the listener for the 
particular application. For the MELP to LPC-10 transcoder, 
the majority of listeners polled shoWed a slight preference 
frequency domain method. 

[0100] In step 410, the formant enhanced preemphasiZed 
?lter coef?cients A“ are converted to LPC-10 re?ection 
coef?cients RC“ using Well knoWn transformations. Also in 
step 410, the re?ection coef?cients RC“ are encoded accord 
ing to the LPC-10 quantiZer tables. 

[0101] b. Voicing Conversion 

[0102] In step 412, the MELP voicing parameters are 
converted to LPC voicing parameters. As mentioned previ 
ously, the LPC-10 coding standard uses only a single voicing 
bit per half-frame, Whereas the MELP coding standard uses 
seven different voicing parameters: ?ve bandpass voicing 
strengths, one overall voiced/unvoiced ?ag, and one voicing 
parameter called the “jitter ?ag.” 

[0103] Simply using the MELP overall voicing bit to 
determine both half frame LPC voicing bits does not provide 
good performance. The voicing conversion process per 
formed in step 412 achieves better perceptual performance 
by assigning values to the LPC voicing bits based on the 
MELP bandpass voicing strengths, the MELP overall voic 
ing bit, and the ?rst re?ection coef?cient RC‘[0] (after 
preemphasis addition) received from preemphasis addition 
unit 406. A preferred decision algorithm is described by the 
folloWing C-code segment: 

[0104] Where lpc->voice[] are the half-frame LPC voicing 
bits (1=voiced), ?ag is an integer temporary variable, melp 
>uv_?ag is the MELP overall unvoiced ?ag (0=voiced), 
melp->bpvc[] are the bandpass voicing strengths (0.0 or 1.0, 
With 1.0=voiced), and rc‘[0] is the ?rst re?ection coef?cient 
(computed from the spectrum after preemphasis addition). 

[0105] As illustrated by the above code, initially both LPC 
voicing bits are set to one (voiced) if the MELP overall 
unvoiced ?ag equals Zero (voiced). OtherWise, the LPC 
voicing bits are set to one (unvoiced). To improve the output 
sound performance, both LPC voicing bits are set to Zero 
(unvoiced) if the ?rst re?ection coef?cient RC‘[0] is nega 
tive, and the total number of MELP bands Which are voiced 
is less than or equal to four. The reason this last improve 
ment is performed is as folloWs. The MELP voicing analysis 
algorithm Will occasionally set a partially voiced condition 
(loWer bands voiced, upper bands unvoiced) When the input 
signal is actually unvoiced. Unvoiced signals typically have 
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a spectrum that is increasing in magnitude With frequency. 
The ?rst re?ection coef?cient RC‘[0] provides an indication 
the spectral slope, and When it is negative, the spectral 
magnitudes are increasing With frequency. Thus, this value 
can be used to correct the error. 

[0106] Note that this type of voicing error is generally not 
apparent When a MELP speech decoder is used, since the 
signal poWer from the unvoiced bands masks the (incorrect) 
voiced excitation. HoWever, if the error is propagated into 
the LPC speech decoder, it results in a perceptually annoying 
artifact. 

[0107] In step 414, pitch and voice are encoded together 
using the standard LPC-10 quantiZation algorithm. Accord 
ing to the LPC standard, pitch and voicing are encoded 
together. 

[0108] 

[0109] In step 416, the MELP pitch parameter is converted 
to an LPC-10 pitch parameter by taking the inverse loga 
rithm of the MELP pitch parameter (since the MELP algo 
rithm encodes pitch logarithmically). In step 418, the result 
ing LPC-10 pitch parameter is quantiZed according to the 
LPC-10 pitch quantiZation table. 

[0110] In step 414, pitch and voice are encoded together 
using the standard LPC-10 quantiZation algorithm. 

c. Pitch Conversion 

[0111] d. Gain (RMS) Conversion 

[0112] As described previously, the MELP algorithm pro 
duces tWo half-frame logarithmically encoded gain (RMS) 
parameters per frame, Whereas LPC produces a single RMS 
gain parameter per frame. In step 420, the inverse logarithm 
of each MELP half-frame gain parameter is taken. In step 
424, the tWo resulting values are scaled to account for 
preemphasis addition Which occurred in step 406 (similar to 
the gain scaling step 320 for the LPC-to-MELP transcoder 
described above). More speci?cally, both gain values are 
scaled by the ratio of the LPC predictor gain parameters 
derived from the spectrum before and after preemphasis 
addition. This LPC gain ratio is calculated in step 422 for 
each neW frame of parametric data. If 

1 
lpcgainl : 

[0113] is de?ned as the synthesis ?lter gain before preem 
phasis addition and 

l 
lpcgainZ : i 

In (1 — Mo) 

[0114] is de?ned as the synthesis ?lter gain after preem 
phasis addition, then the scaling factor to be used for both 
MELP gains is 


































