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Abstract 
A new vector quantization image coding scheme 

called orientation normalized vector quantizer (ONVQ) 
is presented in this paper. During the encoding pro- 
cess, the orientation freld of an image is fist  calculated 
and recorded wing quad-tree data structure; then, the 
image is partitioned into digitalized round blocks. 
These round blocks are normalized to horizontal direc- 
tion according to their original orienlation and vector 
quantized. The decoder gets reproduction vectors from 
codebook and restores them to their original orienta- 
twns. Since blocks of dfferent orientations may use 
the same codeword, ONVQ needs a much smaller 
codebook; therefore low bit rates are achieved (0.6-0.8 
bpp for 256x256 images). The subjective quality of 
ONVQ coded images are more satming than thai 
obtained by a simple VQ scheme. 

1. Introduction 

Vector quantization (VQ) technique has been used 
for several years for low bit-rate image coding and 
applied in both spatial and transformed domains in 
various forms. Though some wavelet based transform 
[51 coding methods with hopeful prospects were 
presented, VQ techniques are still widely used. In a 
simple VQ scheme 181 (Flg.l), an image is first parti- 
tioned into square blocks of the Same size. Since the 
computational complexity grows greatly as the vector 
dimension increases, the size of block is usually no 
larger than 5x5 . Then these blocks are vector quan- 
tized. A vector quantizer can be defined as a mapping 
Q of R k  into a finite subset Y of I t k .  Thus Q @ + Y  
, where Y = ( yi ; i=l , 2 ,..., N ) is the codcbook 
and N is the number of vectors in Y. The encoder 
maps an input vector x to the nearest codeword y, and 
sends the index i to the decoder in which the Same 
codebook is stored. Thus to generate the repduction 
vector for input vector x is just a look-up operation. 

Many clustering algorithms such as LBG algorithm 
were proposed to design an optimal codebook from a 
large training set of representative i n p t  vectors. In 
some VQ schemes, once a codebook is designed. it is 
uscd to code all similar images. Thcse schemes are 
referred as VQ schemes using a fixed codebook. Other 
schemes design a special codebook for an input image 
and the codebook is transmitted. In this way, a more 
suitable codebook is designed. These schemes are 
called VQ schemes using non-fixed codebook. 

The major problem of a simple VQ scheme is that 
visible blockiness or staircase distortion are. usually 
presented in decoded images and the compression ratio 
is rather low. Gmho  & Ramamurthi proposed 
classified VQ scheme (CVQ) in which several code- 
books were designed to encode different types of input 
vectors. 

Fig. 1. Diagram of a simple vector quantization scheme. 

Though this scheme solves the problem of edge distor- 
tion effectively and speeds up the encoding process, 
low bit rates may not be achieved. One reason is that 
the interblock correlation is still not exploited. To do 
this, some kinds of global information of images have 
tobeused. 

In meadshape vector quantizer[l]. only the error 
vector, obtained by subtracting sample mean from the 
input vector is vector quantized while the sample mean 
is simplely quantized and transmitted. Thus global 
amplitude information (sample mean) plays a impor- 
tant role in coding an image. 
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Hierarchical vector quantizer [6] (HVQ) partitions 
an image into rectangular blocks of various sizes. In 
the area of high frequency, where gray levels of pixels 
change rapidly, blocks of size 4x4 or 2x2 are vector 
quantized by a simple VQ scheme. While in the area 
of low frequency, where gray levels of pixels change 
slowly, larger blocks of size 8x8 or 16x16 are used to 
partition the image. Then transform coding technique 
is applied. These larger blocks can also be vector 
quantized after resampling them to smaller blocks. In 
this way, the global information of frequency has been 
used to make the coding scheme more efficient. 

Other approaches such as the finite state vector 
quantizer (FSVQ), proposed by Aravind and Gersho 
[2], are also applied successfully in exploiting the 
interblock correlation. 

An orientation normalized vector quantizer (ONVQ) 
is proposed in this paper. The new scheme partitions 
an image into digitalized round blocks and uses the 
global orientation field information to exploit the inter- 
block correlation. Blocks with different orientations 
may use the same codewords after orientation normali- 
zation and as a result, a smaller codebook is needed. 
This is especially beneficial in case of a non-fixed 
codebook is needed. Low bit rates are achieved for 
flow-like images whose orientation field information 
can be efficiently recorded. This technique has been 
successfully applied in an automated fingerprint 
identification system ( A F I S )  for fingerprint image data 
compression. 

The paper is organized as follows. In section 2, the 
main idea of ONVQ is explained. Section 3 discusses 
the implementation of ONVQ scheme. In section 4, 
some experimental results are demonstrated and con- 
clusions are given in section 5. 

2. Main Idea 

Textures and edges are important parts of images 
from which many kinds of global information such as 
orientation field can be extracted. The orientation of 
an edge is defined as the direction of its tangent line. 
and the orientation of a texture area is defined as the 
average orientation of all edges in this area (Hg.2). 
Traditional VQ schemes simply partition an image into 
rectangular blocks which means different codewords 
may he needed for blocks of different orientations. For 
example, in Fig.3-(a), four codewords should be stored 
in order to reproduce the four input vectors. If round 
blocks are used to partition an image, different input 
vectors may use the same codeword after orientation 
normalization (Fig3-(b)). In this way, a much smaller 
codebook is needed and as a result, low bit rates are 

achieved. In order to normalize the orientation of 
blocks, orientation field of the whole image must be 
calculated and recorded efficiently. 

(a) (0) 

Fig. 3. (a) Four codewords are needed for four rectangular 
input block vectors. (b) Four round input block. vec- 
tors use the m e  codeword. 

The decoder restores the orientation field of an image 
and resamples the horizontal reproduced vectors to 
their original orientation. Fig4 shows the diagram of 
ONVQ scheme. 

3. Implementation of the Algorithm 

A. Calculation and Coding of Orientation Field 

Theoretically, orientation of every round block 
should be calculated, but it takes a lot of calculation 
and is not necessary in most cases. In our scheme, a 
256x256 image is first partitioned into subimages of 
8x8 pixels and the directions of these subimages are 
calculated and coded. Then the orientation of each 
subimage is assigned to all the rounds blocks in it. 

Several algorithms [4] have been developed for 
computing the orientation field of flow-like images. 
The basic idea behind these algorithms is to use an 
oriented filter, namely the gradient of Gaussian in each 
point, and perform manipulations on the resulting gra- 
dient vector field. We use another kind of scheme in 
which the orientation angle is directly calculated for a 
given subimage. 

if the pixels in a square block are denoted by 
f ( i  , j ) , i , j = 0, 1 ,..., N-1, then four oriented 
sums are calculated as follows 

N-1 N-2 

d l 0  = 1fci.j) - f ( i ,  j+l>l 

dlw = c Cl f ( i .  j )  - f ( i + l ,  ill  

i - 0  j - 0  

N-2 N-1 

i-0 j - 0  
N-2 N-1 

i-0 j = 1  

N-2 N-2 

i-0 j 4  

if Io+! 90 and f45+I 135 are less than a threshold, the block 
is regarded as smooth, else, four possible angles are 
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derived from I O  and Iw 
d l 0  

dl90 
Q = orctg(-) = 71: - Q 

az = 2x - Q a3 = 2n - aI (2) 

Similarly, other four possible orientation angles can be 
calculated from 11s and I1w 

pr=2lc--pO p 3  = 2lc - p1 (3) 
rf a and p, reinforce each other, which means the 
angular difference between them is no larger than a 
threshold e,, the orientation of the block is obtained by 
averaging the two orientation angles : 

e = (a+p,)12 (4) 

else, if no cr, reinforces p,. the block is labeled as 
non-oriented texture. The orientation of a block, if 
exists, is then normalized into I 0 .  n ) and quantized 
to 14 levels from 0 to 13 while level 14 denotes a 
non-oriented textured block and level 15 means that 
the block is smooth. 

In our scheme, a label is assigned to each 8x8 block 
in a 256x256 image; therefore a label matrix 
L ( i ,  j )  i .  j=O.  1, ..., 31 is created. To record the 
matrix, quad-tree structure is used. A quad-tree is a 
hierarchical data structure. where each node, unless it 
is a leaf, generates four children. It has been shown 
that the quad-tree can be used efficiently to describe 
the variable block size structure with a very small 
overhead. In this paper, for every four adjacent matrix 
elements, a decision rule is tested to see if they rein- 
force each other. If the test is positive, the elements 
are merged into 2x2 blocks. This process is repeated 
until the maximum block size of interest is attained. 

B. Orientation Normalization of Round-like 
Blocks 

Some kinds of round blocks shown in Fig.5 can be 
used to partition an image. Blocks like Fig.S-(b) can 
overlay an image without overlapping in the way 
shown In Fig.6. Blocks like Fig.S-(c) can also cover 
the whole image, but with a little overlapping. Our 
paper demonstrates the ONVQ scheme using Fig.5-(b) 
hlocks while using a larger round blocks is similar. 
During encoding process, a round block is first re"- 
pled to horizontal orientation according to its original 
direction. To do this, some kind of interpolation must 
be performed. For bandlimited signals, ideal error-free 
interpolation is performed when coefficients taken from 

a sinc function are used. Some experiments showed 
that bilinear interpolation is good enough in many 
cases. This technique is used in our scheme. 

A round block with pixels xo , . . . , XII is shown in 
Fig.7-(a), x12 , . . . , x15 are neighboring pixels. 8 is 
the original orientation of the block. To resample the 
block to XO' , . . . , xI1' at angle 8 (Fig.7-(b)) using bil- 
inear interpolation technique. For example, if x ~ '  falls 
in the square area formed by xo , xz , x3 , x12 , the 
interpolation formula for XO' is 

xO' = (l-p)qxo + p ( 1 - q ) ~ ~  

+ pQX3 + (l-P)(l-q)xiz ( 5 )  

where p and q are interpolation coefficients and are 
functions of 8. if we define 

xo , x1 ,..., XI1  

(6)  

I' x.= [ 
I' x b =  [ x12, x13 , x14 , 1 1 5  

and 

I' X'= x/ , XI' ,..., XII' [ 
which denotes the pixels of the round block after 
orientation normalization. The bilinear interpolation 
process can be expressed as : 

r i  

Where R ( 8 )  is a 12x16 bilinear interpolation matrix. 
During the decoding process, the decoder first finds the 
reproduction vector in codebook according to the code- 
,or[ index. Sup. se the reproduced vector is 
Y= yo ,yl ...., y l l  As shown previously, Y is of 
horizontal orientation. Then , by using bilinear inter- 
polation technique again, the horizontal block Y is 
resampled to its original orientation. If the resampled 
block is denoted as Y', the process can be expressed 
as 

Y'= c(e1.Y (9) 

Where G(8)  is a 12x12 bilinear interpolation matrix 
function of 8. This process is shown in Fig.8. The 
effect of resampling in which bilinear interpolation is 
performed is in somewhat like that of a low-pass filter. 
This introduces additional error to the coding system. 
Suppose the error caused by the vector quantizer is 

e = Y-X' (10) 

then 

Y '= G (8)-Y 
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= G(O)-(X' + e) 

= G(e)*[ R(O).X + e  ] 
= G (e1.R (e1-x + G (B)-e (11) 

E =  Y'- X. 

ThC first part of the expession denotes the error 
caused by vector quantizer. It can be easily proved 
that 

(13) 

Where II I daotes Euclidean norm. The second part 
of the total m r  is caused by resampling process. In 
most cases, it is found relatively small compared with 
the ermr caused by vector quantizer. A method to 
reduce this part of mor is normalizing orientations of 
blocks to an orientation possesstd by most blocks, 
which means fewer blocks are needed to be resampled. 
Another remedy for this pblean is to perfonn simple 
VQ for those blocks with resampling error exceeding a 
threshold. 

II G(We II 5 II e II 

4. Experiments 

In this d o n ,  some expeaimental results are 
demonstrated. A fingerprint image is coded by ONVQ 
algorithms with codebooks of different sizes and the 
results are compared with those of a simple VQ 
scheme. Non-fixed codebooks created by LBG algo- 
rithm are used in our scheme. Hg.%a) represents the 
original image "Fngerprint" of resolution 256x256 by 
8 bits (32 level halftones made from laser printer) in 
which the orientation field is the most important global 
infomation. Another character of this image is the 
gray levels of pixels changing rapidly almost every- 
where which makes it difficult to use frequency infor- 
mation to exploit interblock correlation. The orienta- 
tion field ncorded by quad-tree structure is shown in 
Fig.90. Objective and subjective qualities of decoded 
images are evaluated. The mean square error (MSE) is 
a widely amped objective performance measure. it 
was defined as 

(14) 
I '  MSE = 7 C(xf-jj )z 

where T denotcs the total number of pixels in an image 

j=l 

and X j  and 2j denote the original and reproduced pix- 

els. 
Bit rate is another important performance measure 

of image compression system. The bit rate of a simple 
VQ scheme with non-fixed d e b o o k  is calculated as 

CnK1osf +!!& = 6, + bi (15) K bvp= T 

where 
C. number of d e w o r d s  in the codcbook 
K dimension of the image vector 
GI number of grey level for evay pixels in a codeword 
T number of pixels in an image 
while the bit rate of ONVQ is given by 

CnKlO@i lOgzC. +I +- 
boAw= T K T  

A= b, + bi + b,B (16) 

w h e n  q denotes the number of bits d i g  the angular 
information of the whole image. 

ONVQ using different codebook sizes of 64,128 
and 256 is compared with a simple VQ algorithm. 
Sevaal obsavations can be obtained from the experi- 
mental results given in TABLE I. 

A smaller codebook is needed for ONVQ to get the 
same MSE as simple VQ. The MSE of ONVQ 
using 64 devectors  is even lowcr than that of a 
simple VQ scheme using 128 codewords. This is 
more notable when the d h k  size is reduced. 
Bit ram only increased slightly when orientation 
field is recorded. In TABLE I, the b, is found very 
small compared with b, and bi. This is especially 
true for those images whose orientation fields 
change slowly. 

TABLE I 

VQ & ONVQ 

The images coded with 128 d e w o r d s  by ONVQ 
and simple VQ are shown in Fig.g(c)(d). Parts of the 
d d e d  images axe enlarged and shown in Rg.%e)(f). 
From these images, it was found the staircase distortion 
is greatly wcakami by ONVQ. This makes the sub- 
jective quality of ONVQ coded images more satisfying 
than that obtained by using simple VQ. 

468 



5. Conclusion References 

In this paper, we introduced a new VQ scluane in 
which the Orientation infomation is used to control the 
coding process. An image is first partitioned into round 
blocks. Those blocks with strong Orientation infoma- 
tion are resampled to the same direction before they 
are vector quantized. As described in section 2, 
several blocks of different orientations may use the 
same codeword; therefore a smaller codebook is 
needed. For those blocks with weak or no orientation 
information, tow special codebooks arc designed (level 
14 and level 15). As 8 result, ONVQ could code these 
blocks at least as efficiently as a CVQ scheme. ONVQ 
performs very well for coding flow-like images since 
their orientation fields can be efficiently worded while 
if the image orientation fields change too rapidly, it 
does not save much more bits than using a simple VQ 
scheme. Another disadvantage of ONVQ is that the 
resampling operation introduces additional error as a 
low-pars filter does. Several m e d i e s  for this ploblem 
have been proposed in this paper. 
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Fig. 2. The definition of orientation of a texture BM. Fig. 4. The diagram of ONVQ. 
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Fig. 6. Digitalized round blocks overlay an image without Fig. 8. The resampling process of the ONVQ decoder. 

overlapping. 
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(4 ( f )  0 
Fig. 9. (a) Original 256x256 image "Fingerprint". (b) The orientation field recorded by quad-tree structure. (c) 

Simple VQ with 128 codewords. (d),ONVQ with 128 codemrds. (e) A part of Original image. (f) A part 
of image in (c). (g) A part of image in (d). 
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