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ABSTRACT⎯In this paper, block constrained trellis coded 
vector quantization (BC-TCVQ) is presented for quantizing the 
line spectrum frequency parameters of the wideband speech 
codec. Both a predictive structure and a safety-net concept are 
combined into BC-TCVQ to develop the predictive BC-TCVQ. 
The performance of this quantization is compared with that of 
the linear predictive coding vector quantizer used in the AMR-
WB codec, demonstrating reductions in spectral distortion. 

Keywords⎯Speech coding, quantization, trellis coded vector 
quantization, LSF parameters. 

I. Introduction 
Linear predictive coding (LPC) parameters, which describe 

the short-term spectral envelope of speech, can be represented 
as line spectral frequency (LSF) parameters for efficient 
quantization and coding. Various methods have been proposed 
to encode LSF parameters using either scalar quantization or 
some form of vector quantization (VQ).  

Trellis coded quantization (TCQ) [1] is a form of VQ that 
builds the VQ codebook from an interleaved constituent scalar 
quantization codebook and a trellis structure defined by a 
convolutional code. The Viterbi algorithm (VA) [2] is used to 
search the trellis paths for optimum encoding. The TCQ 
complexity is modest compared to unstructured VQ. In 
traditional TCQ, the initial trellis state is encoded as side 
information, which is an additional rate for source vectors. 

Block constrained TCQ (BC-TCQ) [3] was proposed by 
Kang and others. This approach requires exactly one bit per 
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source sample to specify the trellis path with low complexity. 
Trellis coded VQ (TCVQ) [4] generalizes TCQ to allow 

vector codebooks and branch labels. The main feature of TCVQ 
is the partitioning of an expanded set of VQ symbols into subsets 
and the labeling of the trellis branches with these subsets.  

In this paper, TCVQ is combined with BC-TCQ to develop 
block constrained TCVQ (BC-TCVQ) structured for a vector 
dimension of 16. The predictive BC-TCVQ system is also 
designed for encoding LSF parameters.  

II. TCVQ 

Although the performance of a TCQ coder is in several cases 
close to the theoretical rate-distortion bound, an improvement is 
always possible by generalizing its structure to the vector case. 
For a given rate, TCVQ yields lower distortion than TCQ at the 
cost of an increase in implementation complexity [4]. In addition, 
TCVQ allows fractional rates, while TCQ does not. The structure 
of TCVQ is quite similar to that of scalar TCQ. We consider 
TCVQ based on a rate-1/2 convolutional code, which has N=2v 
trellis states and two branches entering/leaving each trellis state. 
Given a block of m source vectors, the VA is used to find the 
minimum distortion path. This encoding procedure allows the 
best trellis path to begin in any of N initial states and end in any of 
N terminal states. In fixed-rate coding of a block of m source 
vectors, the transmitted information would include the initial 
trellis state, plus one bit per state transition for m stages through 
the trellis, with a total of v+m bits for the trellis path information. 

In TCVQ, the codebook has ( )2 R R L+ % vector codewords. We 
refer to R% as the (super) “codebook expansion factor” (in bits 
per dimension) since the codebook has 2RL% times as many 
codewords as a nominal rate-R VQ. The encoding is 
accomplished in two steps. 

Step 1. For each input vector, find the closest codeword and
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Table 1. Characteristics of the 16-state quadrupled output alphabet trellis for encoding a memoryless Laplacian source. 

Current state 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Previous states 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Associated 

subsets 4 2 2 0 1 3 3 6 0 2 2 0 1 3 3 1 2 0 0 2 3 1 1 3 7 0 0 2 3 1 1 5

 

corresponding distortion in each subset. 
Step 2. Let the branch metric for a branch labeled with 

subset S be the distortion found in step 1 and use the VA to find 
the minimum distortion path through the trellis. 

The main steps for the design of the TCVQ encoder are the 
following: constructing the initial codebook, partitioning the 
codebook into subcodebooks (subsets), labeling the trellis 
branches with these subsets, and TCVQ encoding. The initial 
codebook used in TCVQ plays an important role in the 
performance of the coder. A good choice for the TCVQ initial 
codebook is the full search VQ codebook designed by the LBG 
algorithm [5]. For an L-dimensional TCVQ encoder of rate R 
(in bits per dimension), the initial extended codebook has 

( )2 R R L+ % codevectors, but only a subset of size 2RL of these 
codevectors may be used to represent a source vector at any 
instant. The TCVQ initial codebook which satisfies the rules in 
[4] is designed in two steps. 

Step 1. A basic codebook of size 2RL is designed by the LBG 
algorithm. 

Step 2. An initial extended codebook of size ( )2 R R L+ % is 
constructed based on regular points on a circle with radius ∂ , 
where the center is each codeword of the basic codebook. 

III. BC-TCVQ 

For any 0 k v≤ ≤ , consider a BC-TCVQ structure that 
allows 2k initial trellis states and exactly 2v-k terminal trellis 
states for each allowed initial trellis state. A single VA encoding, 
starting from the allowed initial trellis states, proceeds in the 
normal way up to the vector stage m-k. It takes k bits to specify 
the initial state, and m-k bits to specify the path to vector stage 
m-k. A unique terminating path, possibly dependent on the 
initial trellis state, is pre-specified for each trellis state at vector 
stage m-k through vector stage m. Regardless of the value of k, 
the encoding complexity is only a single VA search of the trellis, 
and exactly m bits are required to specify an initial trellis state 
and a path through the trellis. 

In predictive coding of LSF parameters, the prediction errors 
are roughly Laplacian distributed [3]. In [1], it was found that 
fixed-rate TCQ encoding of a Laplacian source benefited from 
using a quadruple-sized codebook. Following that formulation,   

Table 2. SNR comparison of BC-TCQ and BC-TCVQ for a 
memoryless Laplacian source using a rate of 3 bit/sample.

Signal-to-noise ratio (SNR) Quantization  
methods Sample length=16 Sample length=32 

BC-TCQ 15.22 dB 15.28 dB 

BC-TCVQ 16.44 dB 16.54 dB 

 

a 16-state BC-TCVQ encoder was designed using 8 codebook 
subsets, each with 16 code words, for 3 bit/sample encoding of 
a memoryless Laplacian source. The trellis was populated with 
subsets following the method in [1], and the remaining 4 
subsets were each assigned to a single branch, as listed in  
Table 1. The codebook was optimized using a training set and 
the generalized Lloyd algorithm. 

The SNR performances of BC-TCQ and BC-TCVQ are 
compared in Table 2 for two sample lengths for a memoryless 
Laplacian source with an encoding rate of 3 bit/sample. BC-
TCVQ uses a vector dimension of 2. From the table, BC-
TCVQ provides better SNR performance than BC-TCQ.  

IV. Predictive BC-TCVQ 

There is a significant degree of dependency, referred to as 
interframe dependency, between consecutive LSF vectors. To 
exploit this dependency, a predictive BC-TCVQ structure is 
proposed. Methods are presented for designing and optimizing 
a predictive BC-TCVQ for the coding of LSF coefficients and 
the encoding complexity is characterized. The predictive BC-
TCVQ encoding structure is illustrated in Fig 1. Let f(n) and 
r(n) be the p-dimensional LSF vector and prediction error 
vector at time n, respectively. 

A fourth-order MA predictor is used to compute the 
prediction error vector [3] and it uses a large correlation of LSF 
parameter vectors to design the LSF quantization system. 

There are occasions, however, when rapid changes in LSF 
traces are evident; thus, a small interframe correlation is present. 
Therefore, we suggest the use of quantization methods that 
exploit memory within an LSF vector but are memoryless 
between vectors in a safety-net structure [6]. In general, the safety-
net structure provides better robustness against outliers, 
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Fig. 1. Predictive BC-TCVQ with a 4th-order MA predictor. 
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that is, input LSF vectors having a low correlation with the 
previous vector. We use this safety-net formulation with 
predictive BC-TCVQ.  

In the safety-net structure, the input LSF vector is quantized 
using both MA interframe prediction and no interframe 
prediction. Then, both quantized vectors are compared to the 
input vector and the better reproduction is selected. The BC-
TCVQ information from the selected scheme is transmitted to 
the decoder, along with a signaling bit that indicates the 
selected mode. 

V. Experimental Results 

The database used for the design and test included 26 minutes 
of sample speech. The first 13 minutes were used for the design, 
and the last 13 minutes were used for the test. Spectral distortion 
(SD) was used to evaluate the performance of the LSF 
quantizers. The performance of predictive BC-TCVQ is 
compared with the LPC quantization performance of the 
adaptive multirate wideband (AMR-WB) speech coding 
standard (ITU-G.722.2) [7]. The AMR-WB speech coder uses 
split and multistage VQ (S-MSVQ) at 46 bit/vector to encode  
16 LSF parameters. The bit allocation for predictive BC-TCVQ 
(at an encoding rate of 46 bit/frame) is shown in Table 3. 

Tables 4 and 5 compare the SD performance and the 
computational complexity, respectively, of the AMR-WB   
S-MSVQ and the predictive BC-TCVQ (at an encoding rate of 
46 bit/frame). From the results presented in Tables 4 and 5, it is 
clear that the proposed predictive BC-TCVQ affords better SD 
performance than the reference method, with a similar degree 
 

Table 3. Bit allocation of predictive BC-TCVQ for a 20 ms frame of
wideband speech. 

Parameters Bit allocation 
Path information 

(initial states + path + final states) 
2+4+2 

Subset codewords 
5×5 (stages 1 to 5) 
4×3 (stages 6 to 8) 

Safety-net information 1 

Total 46 
 

Table 4. SD comparison of the AMR-WB S-MSVQ and the 
predictive BC-TCVQ (at 46 bit/frame). 

 AMR-WB S-MSVQ Predictive BC-TCVQ

Avg. SD (dB) 0.7933 0.6807 

3 dB to 5 dB (%) 0.4099 0.2412 

> 5 dB (%) 0.0026 0 

Table 5. Computational complexity of AMR-WB S-MSVQ and 
predictive BC-TCVQ (at 46 bit/frame). 

Operation AMR-WB S-MSVQ Predictive BC-TCVQ 

Addition 15,624 18,624 

Multiplication 8,832 6,208 

Comparison 3,570 3,400 

Total 28,026 28,232 
 

of computational complexity. 

VI. Conclusion 

TCVQ was combined with BC-TCQ to develop BC-TCVQ. 
Predictive BC-TCVQ was proposed for quantizing LSF 
parameters for wideband speech. The performance of predictive 
BC-TCVQ was compared to that of the LPC vector quantizer 
used in the AMR-WB speech coding standard (ITU-G.722.2), 
and reductions in spectral distortion were demonstrated. 

References 

[1] M.W. Marcellin and T.R. Fischer, “Trellis Coded Quantization of 
Memoryless and Gauss-Markov Sources,” IEEE Trans. Comm., vol. 
38, no. 1, Jan. 1990, pp. 82-93. 

[2] G.D. Forney Jr., “The Viterbi Algorithm,” Proc. IEEE, vol. 61, Mar. 
1973, pp. 268-278. 

[3] S. Kang, Y. Shin, and T.R. Fischer, “Low-Complexity Predictive Trellis-
Coded Quantization of Speech Line Spectral Frequencies,” IEEE Trans. 
Signal Processing, vol. 52, no. 7, July 2004, pp. 2070-2079. 

[4] T.R. Fischer, M.W. Marcellin, and M. Wang, “Trellis Coded Vector 
Quantization,” IEEE Trans. Inform. Theory, vol. 37, no. 6, Nov. 
1991, pp. 1551-1566. 

[5] Y. Linde, A. Buzo, and R.M. Gray, “An Algorithm for Vector 
Quantizer Design,” IEEE Trans. Comm., vol. COM-28, no. 1, Jan. 
1980, pp. 84-95. 

[6] T. Eriksson, J. Linden, and J. Skoglund, “Exploiting Interframe 
Correlation in Spectral Quantization: A Study of Different Memory 
VQ Schemes,” ICASSP, vol. 2, 1996, pp. 765 -768. 

[7] 3GPP TS 26.190 (V5.1.0, 2001-12): AMR Wideband Speech Codec: 
Transcoding Functions, Release 5, 2001. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


