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Abstract. We present a method to classify the edge orientation of the blocks in
images under the Discrete Cosine Transform (DCT) domain. The method in-
cludes a previous stage to join up or split down the original 8x8 blocks of a tra-
ditional JPEG compressed image forming DCT blocks with different dimen-
sions. The change of dimensions is totally realized in the DCT domain and in-
cludes two approaches: a general spatial scheme for 2" and non 2" related DCT
block sizes and a fast scheme just for 2” related DCT blocks. Both approaches
are capable of work dividing DCT block into their subblocks and backwards
from the subblocks to the block. The edge classifier takes advantage of the
block conversion process to compute the belonging class performing as the spa-
tial domain algorithm version. The method is oriented to applications where the
feature extraction from compressed domain images is important,

Keywords. Block edge classification, Discrete cosine transform (DCT), Image
feature extraction.

1 Introduction

The use of compressed still digital images is increasing day by day to reduce trans-
mission time and storage space. There are several well known formats in which the
images may be coded and one of the most used is JPEG [1]. The JPEG Baseline stan-
dard is based on the Discrete Cosine Transform (DCT) [2], and numerous image
databases are structured with images under this format. Therefore, new direct image
processing in compress domain areas are emerging. Among others, watermarking [3],
feature extraction [4-5] and error concealment [6]. Those applications may need to
work with image blocks of different size to the 8x8 defined by DCT-JPEG, and there-
fore the conversion of their size is needed.

After the review of several methods to do the DCT block size conversion, we se-
lected and adapted two of them as the first stage of the Block Edge (BE) classification
method [7-10]. The block conversion method of Feng and Jiang [7-8] is the most
general in terms of block dimensions, bidirectionality, and the number of arithmetic
operations is lower than using the traditional IDCT method. The core factor in the
method is to solve a set of linear equations leading to a conversion matrix with prop-
erties related to the desired block sizes conversion. The alternative method proposed
by He et al [9], is based on a closely replica of the fast Discrete Fourier Transform
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(DFT) algorithms applied to the DCT to modify the blocks size. This method is bidi-
rectional and reduces the number of arithmetic operations compared to Feng and
Jiang approach, but it is applicable only to 2" x 2" blocks. The possibility to modify
the DCT image block size will permit to do processing on a global or local region.
The BE classification stage defines the edge orientation (0, 45, 90, 135 degrees) or
the edge absence according to the maximum value of previously calculated measures.
The edge classification is based on the first probabilistic moment (mean) computed
for each of the four subblocks contained into the block under analysis. The edge clas-
sification method was proposed by Sung and Kang [10] and is defined in both do-
mains spatial and DCT. However, taking advantage of previous results from the block
conversion stage we modified the DCT approach implementing a method similar to
the spatial approach but maintaining the image in the DCT domain. Li et al [11] ana-
lyze a set of DCT coefficients to determine the edge orientation which is less efficient
than use the mean of subblocks proposed by [10], and more recently they [12] pro-
posed a new scheme based on the Haar transform with a drastic reduction in the num-
ber of arithmetic operations but it is a method to be applied in the pixel domain. The
modified Sung and Kang approach [10] prove to work very efficiently, and the met-

rics used to classify the edges based on the mean are very intuitive.
The method proposed in this paper turns to be an integration of several modified

algorithms adapted and optimized to provide a two fold image processing application
which performs totally in the DCT domain: the classification of the image blocks, and
the modification of the relationship between the DCT coefficients of its blocks and
their subblocks. Therefore, image global and local feature extraction (edges orienta-
tion) in the compress — DCT domain is possible. Experimental results are presented

and the general structure of the method explained.
The remainder of this article is organized as follows. In section 2, the basic aspects

of the selected block conversion algorithms are summarized. Section 3 explains how
we have simplified the selected BE algorithm and the orientation measures explained.
Section 4 describes the integrated method as a tool to classify BE using the algo-
rithms explained in sections 2 and 3. Finally, section 5 reports results in terms of

image processing and draws some conclusions.

2 Algorithms for Conversion Between DCT Blocks and Subblocks

The Feng and Jiang [7] and also the He at al [9] methods are summarized, both relat-
ing the 2-D DCT blocks and their subblocks. Before presenting the two conversion
algorithms, we define notation and formulate the specific problem. Given a 2-D block
of pixels B, its DCT will be Cp. B can be divided into B;; subblocks where the corre-
sponding DCT for each subblock is Cj. This is illustrated in Fig. 1. In the first ap-
proach [7], we will solve a set of linear equations relating the DCT basis used by the
block and its sub-blocks. In the second approach [9], a fast algorithm based on DCT-
11 and DCT-IV which resembles the Fast Fourier Transform structure is used to relate

CB and Cy.
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Fig. 1. The relationship between DCT a block and its subblocks

The definition for the 2-D DCT (or DCT-II) used for the algorithms development
is given by

4

Cy(u,v)= Rxca(u)a(v) )
S8 i+ Duzr (27 +)vr
;;x(z, J)cos (———ZR )cos (__—ZC )

1
where {x(i,j)} are the elements of B, and @ (u) = J; foru=0

1, otherwise.

2.1 Method Based on the Spatial Relationship Between DCT Blocks/Subblocks

The forward conversion will be defined as joining subblocks Cjj to reach a block Cj.
The problem is reduced to solve the linear relationship between two families of DCT
basis functions with equal dimensions. Assuming that Cj has dimensions of R X C =
LN X MN, the subblock structure has L x M subblocks, with size each of N X N. The
first basis corresponds to the block and the second basis corresponds to one of the

subblocks forming the block, i.e., b, (k,!)pyuaqy = cos(kat/ MN ), k=0, 1,.., MN-1
and b (k,f)yyy = cOS (krrt/N ), respectively. b,(k,z) must have the same size than

by(k.), then this last is expanded by zero padding forming b(k,t)sn x My @ matrix with
by submatrices in its main diagonal. The linear relationship is established as
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MN-1

b,(k,0) = D a(k, )b(j,?). 2

=0

where ¢t = (2i+1)/2, (i = 0,1,...,MN-1). (3) can be written in compact matrix form as

b2=Ab.
Solving for a unique a(kj)mw x My (A) and after applying the normalization con-
stants ag(.) [7], will give us the forward conversion matrix A~ between subblocks to

one block. A" is the backward conversion matrix. A numerical example follows: N =
3, L =2and M=2, then four 3 x 3 subblocks (2 by row and 2 by column) will be
converted to one 9 X 9 block. First, compute A’=a,b,b”', and second, apply A" to the
rows and columns of Cj. The transformation can be expressed as,

1 - ‘T

The forward conversion matrix A* is computed as

[ 0 0 1 0 0
09107 04082 -00632 -09107 04082 0.0632
] o 1 0 0 ) 0
A'=| 11333 08165 04717 03333 08165 -04717
0 0 1 0 0 i
| 0244 04082 08797 0244 04082 —0.8797

h an input set of subblocks C;, results in a block Cp:

wit
[[167 2 0] [176 -12 5] (370 -15 18 =10 3 ~—I]
4 -10| |-18 8 1 27 0 -6 3 1 -2
2 -10 [5 -1 -] 15 22 -5 =2 2 1]
Clj= = Cns

192 3 -1 "204 =20 3 5 -8 -1 0 -1 -1
10 -3 of |18 -5 =2 2 0 0 1 -2 2
o 1 1] [-3 1 -3 1 0 0 -2 1 -1

L - -

will define the block to subblocks transformation. The algorithni

Solving (3) for Cj
1 and different to 2" x 2", and also there is a

is valid for blocks with dimensions equa
definition for 1-D vectors.

2.2 Method Based on the Fast Computation Between DCT Blocks/Subblocks

This method is mainly based on the structure of decimation-in-frequency FFT algo-
rithm [9]. Mapping the structure to the DCT, a transformation matrix Ty can be de-
composed into a straight forward combination of the submatrix Ty, where N is the
number of values to transform. The conversion is applied only for 2" x 2" blocks. For
2.D DCT forward subblocks to block conversion, the related equations are given as
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1 B, By|.r 1 5
Cy=—T, TT =—P PT, @
2 N[le By |V 27Ny v |
H=Ch+SyCy +CpSy +SyCySy
2 2 2 T

}’2 =[Cll +S£C2| —C|2S£‘—S£C22SN]B4

2 2 2 2
( &)
Y,=B;| C +CppSy =Sy Cy _SNCZZSN]
\ 2 a 2 B

Y,=B;|Cy —CaSy +SyCySy _Schl)Btt

\ 2 2 2 72
where C;= 2-D DCT(B;)), Ty is the N-values DCT transformation matrix, Py is the N
x N permutation matrix (rows in order 1, 3,.., N-1, 2, 4,..., N), Snja =Tyl N,2T§,2 ’

- n 1s the reverse identity matrix, B, —Tsz( le) In NI2 s TNIZ is the N/2-values

DCT-IV (see Appendix A) and Y; are linear combinations of the four transform ma-
trices (DCT sections).

The linear combinations for 2-D DCT backward block to subblocks conversion are
given as

1

Clz =:(K1“K2 +K3_K4)SI£ (6)
2

1

C2| =ZS£ (K] +K2 —K3 —K4)
2

1

C22 ='4""SN (Kl —K2 "K3 +K4)S£,

where the (N/2)x(N/2) matrices K; are given as
K\=Y, K,=Y,B], K;=BY,, K,=BJY,Bl. M

A numerical example follows: converting a 4 x 4 block into its four 2 x 2 sub-

blocks N = 4 (backward conversion). Solving (4) for ¥;’s and then substituting in (6)
through (7) for K;’s:
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218 45.63 22 —4.8 1 000 436 44 -9.66 91.25

c, = 747 —66.56 -24.14 -26.8 o001 [:1 nl_| -17 1 -26.56 61.52
-585 3076 05 -13.29 ‘“lo1 oo Y, Y.| |-7.76 -1464 28.11 -66.6
0010 14940 —4828 -53.6 -133.11

-389 =333 -732 14.06

_[o.7071 0.7071 . 1 0 T = 09239 03827  _[-0.383 0.924
2107071 -0.7071 0 -1 03827 -9239 ‘7| 0924 0383

436 44 88 26 149.5 -15.5 139 -I8
C,] |-265 -175 -7 =2

K, K; - -117 1 67 -1 Cu -
K, K, 141 -39 67 -93 Cy Cn 1125 505 35 9
50 -32 -106 -38 -1.5 =175 85 -l

In this method most of the matrices can be computed before the block conversion.

e reordering operations have not computational cost [9], they are re-

Even when th
ition. There is also a 1-D version of the algo-

quired to arrive to the correct values pos
rithm.

3 Compress Domain Block Edge (BE) Classification Method

The BE classification method in the pixel domain working on an image can be easily

described as follows:
i. The image N X N blocks

{i. The mean (first probabilistic moment) is co
iii. Define the threshold value for edge or not €
The measures for directional edge pattern aré cComp

are divided in their symmetrical four subblocks.

mputed for each subblock: Sy, S12, 521, S22.
dge block (heuristically), dyg.

uted using equations in Table 1.

iv.
v. The measure with the maximum value including the edge threshold value, defines the
edge class.
Table 1. Measures for block directional patterns
Edge Direction Measure
(radians)
No Edge dye (set by user)
1
0 dy =:‘2'Isu +81; — (52 +Szz)|
1 1
/4 dss = max {5'3511 —(8)2 +521 +522 )l ,'3‘13522 — (S +S12 + 53 )I}
{ .
/2 dgg =5lsu +85; — (82 "'Szz)l
1 1
3/4 dy3s = max {“5'3312 = (S8y1 + 821 +52 )' ,'3"3521 —(S8)1 + 812 + 53 )'}

The computation pf th.e measures in the DCT domain also is defined in [10]. How-
ever, because the directionality measures are based only on the average subblock
values, we proposed a modification to the method. Is well known that the DC coeffi-
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cient in a DCT block is N times the whole block average value [13], this can be writ-
ten as
N=1N=1

(In pixel domain): m = #ZZx(i, ) ; An DCT domain): m = -IIGCB (0,0). ®)
i=0 j=0

Therefore, using the DCT-DC coefficient from each subblock inside the block the
five measures at Table 1 can be computed and a BE class defined. The DCT sub-

blocks generation may then be performed by any of the two block/subblock conver-
sion methods described in section 2.

4 Image Feature Extraction Tool: Integrating Block/Subblock
Conversion and BE Classification

In Fig. 2, the methods explained in sections 2 and 3 are integrated as an image global
or local region feature extraction tool. The DCT blocks or subblocks are converted to
the desired size according to the final application using the tool. The converted blocks
are 2-D subsampled (ND-ND) leaving the DC coefficients to compute the BE direc-

tional measures. The measure with the maximum value defines a pointer to the edge
class and the corresponding tag is assigned to the block.

An important difference between the methods for block conversion presented at
section 2 is the scope obtained in the size conversion. The fast computation method
(section 2b), works in a recursive structure, the previous 2" x 2" subblocks are re-

quired to the next conversion, i.e., the conversion from 82 to 2? blocks needs to com-
pute previously the 8 to 4? conversion.

With the spatial relationship method (section 2a), an A* matrix can be previously
calculated and the conversion 8% to 22 be performed in one step. Be A* the N* to
(N/2)* conversion matrix and be D* the (N/2)* to (N/4)* conversion matrix. Notice

that A* is an N x N matrix and D* is (N/2) x (N/2) matrix. Therefore D* is resized to

N x N by zero padding out of the main block diagonal. Solving (3) for C;, the N to
(N/2)? conversion is defined as

. e \T
Copy =JIMA ‘CB(N,)(A ‘) : ©)

zero padded D* is applied to (9),

Cy o = LMD AHC o (4Y (DY whereDs<| D O
O () R B LA I
NZ
. ] v o o\l
The 8% to 22 conversion matrix is then computedas 4z , =D, 4 = (A Dz)
Using the fast DCT approach there is an important reduction on the computational

cost [9]. Furthermore, the position of the subblocks DC coefficients in (6) remains the
same before and after the multiplications of the linear combinations by Sy, therefore,
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in our application the complexity is reduced avoiding such multiplications. Results
applying the image feature extr%Ction tool are presented in the next section.

i

P

iz

A/\[1] /

\. P e o LML LAY . ..

Fig. 2. Integrating Block/Subblock Conversion and BE Classification

5 Experimental Results and Conclusions

The results of analyzing Barbara image is presented at Fig. 3, for threshold values dyg
of 10 and 20, and for 8” and 42 blocks with 42 and 2% subblocks respectively [14].
Those blocks tagged as an oriented edge where substituted by its corresponding edge
image, and those blocks below the dyg value where left blanked. The classified edges
where assembled as an image to compare the results with the original Barbara. For
small threshold value dyz much more blocks are classified as BE, this can be easily
detected at the head and the table cloth of Barbara. The change of block size from 82
to 4% as was expected, increases the image details and therefore the number of blocks
classified as BE. A set of images with the detail of Barbara face are show in Fig. 4,

supporting the previous comment.
The BE Classification Method proposed in [10] is defined to work in the DCT do-
main with blocks of size 8% or smaller. With the spatial-like approach proposed in this

ply the method to blocks of dimensions above of 8%, because

article it is possible to ap
easures for direc

just the four subblocks DC coefficients are needed to compute the m
tional patterns. In order to compute the BE pattern in a 162 block, the DC coefficients

of its four corresponding 8> subblocks are needed.
The integration of both stages, the block/subblocks conversion and the BE classifi-

cation all in the DCT domain performed successfully. The modifications to the
block/subblocks methods simplified the whole tool complexity keeping the flexibility
of choice between the general [7] and the fast DCT computation schemes [9].
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Fig. 3. Barbara images BE classified. Top left, Original. To

20 and dyg= 10, respectively. Bottom left and right, 4°
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Barbara face images BE classified. Top left, Original. To

20 and dyg= 10,

Fig. 4
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The BE classifier resembling closely the pixel scheme [10] in place of the DCT
version, takes advantage of the preprocessing DCT blocks stages simplifying even

further the edge classification. Pattern recognition [14] and video analysis [10] in the
DCT domain are other research directions for the work here presented. The digital

image processing area in the compress domain is an emerging and interesting area,

this article is a small example.
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Appendix: A

The Discrete Cosine Transform II and IV are defined by different equations [2]. The
2-D DCT-II is the one in equation (1). The 1-D DCT-1V is defined as

N-1
¥ (k)= \[% Zx(n)coslr(2n+l)(2k+l) an

4N

where k=0 ...,N-l. The N x N transformation matrix for the DCT-IV is defined as

AT ERRACLL) (Cha) R (12)




