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Abstract: This paper addresses the problem of the insertion of irregular-shaped objects, such as logos or subtitles,
in video signals in the compressed DCT domain. To achieve this objective, a different approach from the usual pixel
domain compositing operation is adopted, in order to avoid the presence of undesired semi-transparent regions around the
inserted objects. The transposition of this technique to the frequency domain is presented, as well as the inclusion of a
logo insertion module in the architecture of a compressed domain video transcoder.

1. INTRODUCTION

Recently, one has assisted to the proliferation of ad-
vanced video services and multimedia applications, where
video coding algorithms, such as MPEG-x or H.26x, have
been proposed to broadcast video information in digi-
tal form. However, once video signals have been com-
pressed, one frequently faces the need for further manipula-
tions on such compressed bit-streams. Consequently, video
transcoding has recently emerged as a new research area
concerning a set of manipulation techniques such as space
scaling, frame skipping, bit-rate adjustment, etc.

Despite this wide range of video manipulations, the in-
sertion of objects, such as logos and open subtitles (hence-
forward simply designated by “logos”) in the compressed
domain has faced a growing interest by broadcasting tele-
vision networks to provide the possibility of inserting their
own logos and subtitles on pre-encoded video streams [1].

Furthermore, recent developments on video transcoders
have shown that significant advantages concerning the
computational complexity of the algorithms can be
achieved by fully operating in the frequency domain [2].
In fact, not only does it avoid the implementation of both
the forward Discrete Cosine Transform (DCT) and its in-
verse (IDCT), but it also takes advantage of the presence of
a large number of zeros in the quantized blocks to heavily
reduce the data manipulation rate [3].

Up until now, most insertion algorithms were based on
the compositing operation proposed by Porter [4]. How-
ever, despite its simplicity, when irregular-shaped objects
(such as letters) are inserted, it gives rise to an undesired
semi-transparent rectangular region around the logo, cor-
responding to the area that is actually processed by the in-
sertion algorithm. In this paper, a different insertion tech-
nique is proposed, by restricting the Porter’s algorithm [4]
to the logo area. However, the application of this technique
in the compressed domain will require the usage of the
multiplication-convolution relationship for the DCT, since
the simple linear combination of Porter’s algorithm will not
be applicable any more.

2. LOGO INSERTION IN THE PIXEL DOMAIN

Logo insertion in the pixel domain can be performed by
combining the pixels of the background image

����� �
	 ����
with the logo � ��� �
	 ����� to obtain the output image� ��� �
	 ���� . This operation is usually expressed as a linear
combination of the form [4]:

� ��� �
	 ���������� � ��� �	 ������������������������ � 	 ���� 	 (1)

where the
�

factor determines the transparency of the logo.
In particular, when

�!�"�
, all pixels of the background

image are replaced by the logo, giving rise to an opaque
overlapping of the logo over the input image.

The main disadvantage of this method is emphasized
when Irregular-Shaped Logos (ISL) are inserted. In fact,
since most video coding algorithms perform their process-
ing on blocks with #%$&# pixels (usually # �('

), the
insertion of logos whose shape and position do not coin-
cide with the defined block geometry and grid implies the
extension of the original logo area to an integer multiple
of #($)# blocks. This extension is usually performed by
defining a transparency color ( * ), whose value is assigned
to all pixels of this set of blocks that do not belong to the
original ISL. However, three different regions in the output
image usually arise from this extension:

+ the pixels corresponding to the original logo, where� � ��� �	 ����,�-��� � ��� �
	 �����������.�&�����/����� �
	 ���� ;+ the transparent pixels of the extended blocks that do
not belong to the original logo, where � �0��� �	 �������
�1� * �����.�&�������2��� �	 ����� ;+ the blocks that do not contain any pixel of the origi-
nal logo, where �43 ��� �
	 �����,������� �
	 ���� .

Independently of the considered value for * , this scheme
gives rise to an undesired semi-transparent rectangular re-
gion around the logo, where � ��� �	 ����5� � �0��� �	 ����76�
����� �
	 ���� . An example of this phenomenon is illustrated
in fig. 1(a), where eq. 1 has been applied to insert the logo
using

�5�98:��;
.



(a) Porter’s technique [4]. (b) Proposed technique.

Figure 1. Pixel domain insertion of an ISL (
� �98:�/;

).

This undesired semi-transparent region can be avoided if
eq. 1 is restricted to the pixels of the original logo. How-
ever, this will imply the usage of segmentation techniques
to isolate the original logo from the rest of the pixels of the
block.

Nevertheless, the formalism previously described for the
linear combination can still be applied, if the concept of
transparency mask is introduced and defined as:� ��� �
	 ������ � � 	 ��� �	 ������� ISL8 	 ��� �	 �������� ISL

(2)

Hence, eq. 1 becomes:
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��� � � �
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(3)

where
�

denotes pixel-wise multiplication. In this equa-
tion,

� � � �	 ����� and
�5��� �	 ���� represent constant matrixes

that are solely dependent on the considered logo. Hence,
they can be pre-computed and stored in memory. In
fig. 1(b) it is illustrated the result of this technique using� �-8:�/;

. As it can be seen, the undesired semi-transparent
region is not present around the ISL any more.

3. LOGO INSERTION IN THE DCT DOMAIN

The pixel domain insertion algorithm presented in eq. 1
can be directly applied in the compressed domain by using
the orthogonality properties of the DCT. Since

�
and

�����
���

are scalars and the DCT is linear in relation to the scalar-
product and addition operations, one obtain:� �
� �
	 � ��������� � �
� �
	 � ���������.�&������� �
� �
	 � ��� 	 (4)

where � �
� �	 � ���,����� * � � � � �	 �����	 .
However, since most video coding algorithms perform

the DCT on # $&# blocks, this relation cannot be used
if the undesired semi-transparent region around the ISL is
intended to be avoided. In fact, since

� ��� � ��� �
	 ����
	 and� ������� � ��� �
	 ����
	 of eq. 3 are matrixes, the pixel-wise
multiplication will have to be replaced by a convolution in
the DCT domain.

3.1. Multiplication-Convolution Theorem in the DCT
Domain

Although the DCT is closely related to the Discrete
Fourier Transform (DFT), the multiplication-convolution
theorem for the DCT has been established much after the
corresponding relationship for the DFT.
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Figure 2. Types of symmetry of an infinite sequence.

In fact, despite the several attempts to establish this rela-
tion [5], a complete and more consistent formalization was
only presented relatively recently [6, 7]. In particular, Mar-
tucci [6] presented a formalized and detailed description of
the symmetric convolution operation for the entire family
of discrete sine and cosine transforms. He considered the
DCT and the DST as special cases of the so called General-
ized Discrete Fourier Transform (GDFT), which operate on
infinite sequences that are strictly periodic or antiperiodic,
with period # . These infinite sequences are also classified
according to the types of symmetry that they present, as it
is illustrated in fig. 2. Symmetry within any sequence must
be of one of the following four types:

WS - Whole-sample symmetry,

WA - Whole-sample anti-symmetry,

HS - Half-sample symmetry,

HA - Half-sample anti-symmetry,

where the designations whole-sample and half-sample re-
fer to the position of the point of symmetry: either coin-
cident with one of the samples or at a theoretical half-way
between two samples.

A given finite sequence
� ��� �

can be converted into an
infinite sequence by symmetrically extending each of its
ends using one of the above four possible ways and contin-
uing that extension indefinitely. Such symmetric extension
is usually denominated by concatenating the mnemonics of
the symmetry types used at each of its ends (e.g.: WSWS,
HAHA, WAHS, etc.).

Hence, the particular case of the DCT-II transform is
characterized by taking a length- # fraction of a HSHS pe-
riodic sequence as input to obtain a length- # fraction of
a WSWA anti-periodic sequence as output. According to
Martucci [6], the symmetric convolution in the DCT-II do-
main between two length- # WSWA sequences � and  is
defined as follows:! �
� ��� � �
� ��"  �
� ���#%$&('�*) ' ,+ 	 (5)

where
'� and

' are symmetric length- -�# WSWA extended
sequences of � and  , defined as:

'� �
�:���/.0 1 8 	 � �982� � # ���:� 	 � � �,�
��� # �7�2�2� �
� � # � 	 � � # �
�
��� -�# � �2� (6)

where
2� �
�:���436587:9; 5<7=9 , with � �
� �,����� * � � ��� �
	

, and� �
� �,� � �>�@? - 	 � �98
� 	 � � ����
��� # � �2� (7)

The symbol ) denotes the skew-circular convolution, de-
fined as shown in eq. 8 (in the following page), where:A �
�:�,� � � 	 �B�C� 8 	 � -�# �7�2��	

� � 	EDGFIHKJ=LNMPORQNJ (9)
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(8)
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(11)
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or
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� � � # 	 # ��� ��� 	 � � � # ��
��� -�# �7��� 	 � � � ����
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(12)

and
#%$ �
� �

is a length- # rectangular window to extract the
representative samples out of the base period of the result
of the convolution.

3.2. Logo Insertion
Having defined the multiplication-convolution theorem

for the DCT, the application of eq. 3 in the compressed
domain is stated as follows:� �
� �	 � ���,��� �
� �	 � ��� � � ��� �	 � ����" �9�
� �	 � ��� (10)

where
� �
� �
	 � ��� � ��� � � � � � �	 �����
	 , � �
� �
	 � ��� ���� � � � ��� �	 ����
	 and

� �
� �	 � ����!��� �C� �5� � �	 ����
	 . The
above 2D convolution is computed as shown in eq. 11,
where

� �
� �
and

A �
� �
were defined in eq. 7 and eq. 9, re-

spectively, and
'� �
� �	 � ��� is a -�# $6-�# symmetric WSWA

extended sequence defined as shown in eq. 12.

4. APPLICATIONS TO TRANSCODING

As it was previously referred, the main target applica-
tion for logo insertion in the compressed DCT domain is
video transcoding. One of the most simple and well-known
architectures of a compressed domain video transcoder is
presented in fig. 3. The logo insertion module is placed
between the decoder part and the encoder part of the
transcoder, where the data corresponding to the decoded
image is available in the compressed domain. Conse-
quently, the DCT motion compensated video data is first
convolved with

� �
� �	 � ��� , corresponding to the trans-
parency mask, and added with the data corresponding to
the ISL

�5�
� �	 � ��� (see eq. 10). As it was previously men-
tioned, both

� �
� �	 � ��� and
�5�
� �	 � ��� depend only on the

considered logo and can be pre-computed and stored in
memory (see fig. 3).

However, an efficient implementation of this architecture
is only possible if some important issues concerning the in-
sertion procedure and the coding of video data are taken
into account. As an example, the complexity of the inser-
tion algorithm can be greatly simplified by using the trans-
parency mask to provide useful information about the posi-
tion of the ISL. Hence, every macroblock (MB) whose el-
ements of the corresponding transparency mask � ��� �
	 �����

are all equal to zero (" ��� �	 ����,�$#&%(' � ��� �
	 ����� � 8
)

can be skipped from the whole insertion procedure.
More than the desired position of the logo or subtitle, it

is also convenient to know the width and the height of the
hypothetical box that bounds the ISL tightly. Some authors
have suggested that, whenever it is possible, the position
of this box should be adjusted so that the number of MBs
affected by the ISL insertion is minimized [8].

One other important issue is concerned with the effect
of the insertion on the coding of the several MBs. In fact,
despite all the strategies that have been proposed by several
authors over the last few years to re-use as much informa-
tion decoded from the incoming bit-stream as possible in
the coding of the output bit-stream, one now has to take
into account that this information may no longer be valid
for the MBs in the vicinity of the insertion. In fact, consid-
ering that video transcoders usually re-use the motion vec-
tors (MVs) decoded from the input bit-stream, one now has
to take into account that these MVs may no longer point to
the best matching MB. Furthermore, it is also possible that
MVs that pointed to the MBs where the logo has been in-
serted may have to be re-estimated, since the logo content
is not expected to be inserted in those regions.

Panusopone [8] has recently studied the problem of
inserting translucent logos (see eq. 1) in pixel domain
transcoders and proposed several schemes to adapt the mo-
tions vectors and the quantization steps so that the im-
pact on the coding algorithm is small [8]. Despite the fact
that the used insertion techniques are clearly different from
those presented in this paper and the fact that he has pro-
posed an insertion method for the pixel domain, his propos-
als concerning the re-usage of the MVs can still be applied
to the scheme presented above with minor changes.

5. EXPERIMENTAL RESULTS

The proposed insertion method in the compressed DCT
domain was used to insert two ISLs, corresponding to the
logo presented in fig. 4(a) and the subtitle presented in
fig. 4(b), in the CIF carphone video sequence at posi-
tions

� -*) � 	 �8 � and
� - ;,+ 	 �.-08 � , respectively. These posi-
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Figure 3. Block diagram of the compressed domain transcoder with a logo insertion module.
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Figure 5. Logo insertion in the compressed domain using the carphone sequence and the transparency mask of fig 5(c).

(a) Logo. (b) Subtitle.

Figure 4. Considered set of ISL’s ( * �98
).

tions were carefully selected in order to affect the minimum
number of MBs as possible.

The frame presented in fig. 5(a) was obtained using a
transparency factor of

� � 8 ��;
. As it can be seen, it is

possible to note the presence of some details of the back-
ground image in the area corresponding to the inserted
logo. Fig. 5(b) presents the same frame obtained using a
transparency factor of

� � �0� 8
. Contrasting with the pre-

vious setup, in this case the insertion is
�808��

opaque. The
corresponding transparency mask � ��� �
	 ����� is presented
in fig. 5(c).

6. CONCLUSIONS

A logo insertion scheme in the compressed DCT domain
for video transcoding was presented. This scheme was
adapted from the well-known pixel domain compositing
technique, so that only the pixels corresponding to those
objects that are intended to be inserted are considered in
the operation. By using this scheme, the problem concern-
ing the presence of an undesired semi-transparent region
around irregular-shaped objects (such as logos or subtitles)
was circumvented, by using a corresponding transparency
mask. This technique implied the usage of a symmetric
convolution operator in the compressed DCT domain. The
inclusion of a logo insertion module in the architecture of a
compressed domain video transcoder was also discussed.
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