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(57) Abstract: The method for modifying the content of a target area (11) in a television image (7) comprises generating an original
image signal (PGMI) by means of a camera (1), processing the original image signal by adding graphics (9) into the television
image, determining the target area in the television image, transmitting further the processed image signal (PGM2) and the target
area determining data, and inserting, at a later stage (14) of the signal transmission chain, substitutive content (15a, 15b) to the target
area according to the target area determining data. According to the present invention, the graphics (9) is added into the television
image (7) according to a predetermined graphics percentage of coverage; and to the shared area (13) of the target area and the
additional graphics area, the substitutive content (15a, 15b) is inserted according to the residual percentage of coverage not covered

by the added graphics.
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A METHOD FOR MODIFYING THE CONTENT OF A TELEVISION IM-
AGE

FIELD OF THE INVENTION

The present invention relates to modifying
the content of a television image by inserting addi-
tional graphics and substitutive content into specific

areas of the television image.

BACKGROUND OF THE INVENTION

There are many situations where the content
of a television image initially originating from a
view shot by a television camera 1is desired to be
modified by substituting some portion of the image by
a new content. One typical example relates to adver-
tisements at a venue of a sports event. The television
signal from the sports event can be transmitted all
over the world. It is then often desired to adjust the
advertisements visible in the final television image
separately to different spectator groups or geographi-
cal areas.

Inserting substitutive content into a televi-
sion 1image requires naturally information about the
location of the area to be modified in the image. This
information can be generated, for example, by using a
marking surface within the wvicinity of the target to
be substituted in the television image, the marking
surface being identifiable on the basis of radiation
from it differing from the other radiation from the
area shot by the camera. By detecting this differing
radiation by specific detectors, the coordinates of
the target to be modified in the television image can
be determined. This kind of marking of the target to
be modified is described in more detail in the appli-
cant’s earlier patent application WO 01/58147. When
the coordinates of the target to be modified are known

it is possible, for example, to modify the target to
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be modified separately for different spectator groups
formed by using certain grouping criteria, e.g. na-
tionality. In addition to the coordinates of the tar-
get to be modified, it 1is also important to know
whether there are some obstructions hiding part of the
target so that modification can be performed for those
areas of the target to be modified wvisible in the im-
age only. For this purpose, WO 01/58147 discloses gen-
erating a mask image determining the areas of the tar-
get area really visible in the image.

Once the required information concerning the
location of the target to be modified in the televi-
sion image 1s generated, this information can be
transmitted together with the actual television signal
for enabling modification of the target to be modified
in the television image at a later stage of the signal
transmission chain. In this approach less signal
transmission capacity is required in comparison to the
case of modifying the signal already at the beginning
of the signal transmission chain and transmitting all
modified signals together. The principle of this ap-
proach is disclosed in the applicants’ earlier patent
application WO 03/021957.

Graphics is often added to the television im-
age before transmitting the processed television sig-
nal further. Graphics added already at the very early
stage of the signal transmission chain is usually not
intended to be modified in the later stages of the
signal transmission. As a solution to this, patent ap-
plication US 2001/0017671 Al discloses a method
wherein substitutive content is inserted only in those
portions of the target area to be modified not includ-
ing any earlier added graphics. This limitation to
graphics-free areas necessitates transmitting informa-
tion about the graphics location. This is described to
be performed e.g. by transmitting, together with the
image signal with the added graphics, also the origi-
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nal non-processed image signal and comparing then
these signals in order to determine the graphics loca-
tion. This naturally requires a lot of data transmis-
sion capacity which makes the process unpractical. As
an alternative way it 1is described that just data
identifying the graphics location can be transmitted.
In addition to the high data transmission ca-
pacity required by some prior art methods, one common
problem in prior art solutions disclosed e.g. in said
US 2001/0017671 Al is that they are restricted to
cases where the additional graphics fully replaces, in
its area, the original content of the television im-
age. However, in many cases it would be desired to
have the added graphics and sometimes also the substi-
tutive content partially transparent maintaining also

the earlier content at the same location visible.

PURPOSE OF THE INVENTION

The purpose of the present invention is to
provide a method enabling insertion of substitutive
content to a certain portion of a television image at
a later stage of the image signal transmission chain
while saving unchanged in the final television image
the desired appearance of graphics added at an early
stage of the signal transmission chain, the method
preferably requiring as low data transmission capacity

as possgible.

SUMMARY OF THE INVENTION

The present invention is characterized by
what i1s presented in claim 1.

The method of the present invention for modi-
fying the content of a target area in a television im-
age comprises generating an original image signal by
means of a camera, processing the original image sig-

nal by adding graphics into the image, determining the
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target area in the image, transmitting further the
processed image signal and the target area determining
data, and inserting, at a later stage of the signal
transmission chain, substitutive content to the target
area according to the target area determining data.
The target area to be modified can be, for
example, an advertising billboard visible in the image
captured by the camera. Said modification can comprise
e.g. adjusting the content in the area of the bill-
board in the image finally visible for the spectators
separately for different spectator groups. The graph-
ics can comprise any additive graphical content, e.qg.
different kinds of figures, letters or the like. In
determining the target area, that is, its shape and
location in the television image, e.g. marking sur-
faces described in WO 01/58147 can be used. By the
method of WO 01/58147, also the possible mask area,
i.e. an area within the target area which is not visi-
ble in the television image and to where thus no sub-
stitutive content should be inserted, can be deter-
mined. In the case of several target areas in the im-
age, also information needed for identifying each of
them is required to be determined and transmitted. The
actual insertion of said substitutive content into the
image at a later stage of the signal transmission
chain is then performed according to the target area
determining data transmitted together with the proc-
essed image signal. A later stage of the signal trans-
mission chain means any stage after the initial trans-
mission of the processed image signal and the target
area determining data. For example, in the case of
global television signal distribution, the substitu-
tive content insertion can be carried out separately
in each receiving country. Generating and transmitting
further the processed image signal and the target area

determining data can, in their turn, be performed e.g.
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already at the scene where the original image signal
is generated.

According to the present invention, the
graphics is added into the television image according
to a predetermined graphics percentage of coverage;
the method further comprises determining the shared
area of the target area and the additional graphics
area in the television image, and transmitting fur-
ther, together with the processed image signal and the
target area determining data, the shared area deter-
mining data and data proportional to said graphics
percentage of coverage; and, to the shared area, i.e
to the intersection of the target area and the addi-
tional graphics, the substitutive content is inserted
according to the residual percentage of coverage not
covered by the added graphics.

The percentage of coverage means here the
proportion of the additive content at each point of
the image. In other words, the percentage of coverage
determines which proportion of the image at each pixel
or at a group of adjacent pixels consists of the added
graphics, the rest consisting of the earlier content
at the pixel at issue. The shared area of the target
area and the additional graphics in the television im-
age is the area within the target area including added
graphics. Transmitting the shared area determining
data and the data proportional to the graphics per-
centage of coverage can be performed, for example, by
transmitting the original graphics and a control sig-
nal having been used in adjusting the graphics per-
centage of coverage. The data proportional to the
graphics percentage of coverage can be presented e.g.
as the residual percentage not covered by the graph-
ics. Inserting the substitutive content to the shared
area according to the residual percentage of coverage
not covered by the added graphics means that the

graphics percentage of coverage is maintained. For ex-
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ample, if the predetermined graphics percentage of
coverage is 80% there is a percentage of coverage of
20% to be covered by the original and the substitutive
contents in the shared area. It is possible that also
the desired percentage of coverage of the substitutive
content 1is below 100 %. It means that the residual
percentage of coverage in the shared area not covered
by the added graphics is made to consist of both the
original image content and the substitutive content.
This requires transmitting the original graphics to-
gether with the processed image signal. The desired
percentage of coverage of the substitutive content can
be determined already at the transmitting stage and
sent further together with the other data.

The key feature of the present invention is
the possibility to add partially transparent graphics
also to the target area to be modified, though main-
taining the predetermined graphics percentage of cov-
erage also after insertion of the substitutive content
to the target area. This is a great improvement to the
prior art techniques restricted to insertions with a
full coverage, i.e. without any transparency.

In order to decrease the required data trans-
mission capacity, in a preferred embodiment of the
present invention, the graphics is added to the shared
area with a full coverage independently from the pre-
determined graphics percentage of coverage. By pro-
ceeding this way, transmitting the original graphics
is not required. This is a clear advantage from the
data transmission capacity point of view. Replacing
the content of the target area of an image processed
this way by a substitutive content according to said
residual percentage of coverage always produces a re-
sult image where the shared area comprises the graph-
ics with the predetermined percentage of coverage, the
rest of the coverage being composed of the substitu-

tive content.
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In a preferred embodiment of the present in-
vention, the target area determining data, the shared
area determining data and the data proportional to the
graphics percentage of coverage are transmitted in an
auxiliary image signal, the image content of which be-
ing arranged according to said data. In other words,
the image content is arranged according to the geome-
tries and locations of the target area and the shared
area and contains also information about the graphics
percentage of coverage. An auxiliary image signal is a
form of data which 1is straightforward and easy to
process in the signal processing systems of the tele-
vision signal transmission chain. Also information
concerning the possible mask area as well as informa-
tion according to the intended substitutive content
percentage of coverage is preferably carried along the
auxiliary image signal. Thus, the auxiliary image sig-
nal can contain, for example, a one-color image, the
intensity of which in the different areas, i.e. in the
target area, the shared area, and in the possible mask
area, being adjusted according to the intended per-
centages of coverage. It is also preferable that the
coordinates of the corners or some other reference
points of the target area in the television image are
transmitted together with the auxiliary image signal.
This kind of auxiliary image signal carrying all in-
formation needed in the later insertion of the substi-
tutive content makes the insertion itself a very sim-
ple procedure requiring no highly sophisticated data
handling systems. Naturally, it is also possible that
the substitutive content percentage of coverage is de-
termined not until at a later stage of the signal
transmission chain.

The image area of the auxiliary image signal
is preferably limited to the target area only in order
to further decrease the required data transmitting ca-

pacity. In this embodiment, the information about the
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location of this kind of limited-size target area in
the television is transmitted along the auxiliary im-
age signal as image coordinates of selected points of

the target area.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in
more detail in the following by means of the accompa-
nying figures illustrating one preferred embodiment of
the present invention.

Figure 1 illustrates the principle of gener-
ating the original television image and determining
the location of the target area in the image to be
modified.

Figure 2 represents, as a block diagram, the
steps of the embodiment at the transmitting end and
the receiving end of the signal transmission chain,

regpectively.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 i1llustrates the starting point of
the exemplary embodiment of the present invention. A
television camera 1 shoots a view including an adver-
tising billboard 2, the content of which in the final
television image 1is desired to be modified. Between
the camera and the billboard there is a person 3 mak-
ing a part of the billboard invisible to the camera.
For marking the area of the billboard in the image
captured by the camera and thus for giving information
needed for determining the area of it in the televi-
sion image, i.e. the target area to be modified, there
is a radiation source 4 behind the billboard emitting
infrared radiation 5 to the whole area of the bill-
board. (As is described in WO 01/58147, naturally, the
radiation could be any type of radiation sufficiently

differing from the other radiation at the venue.) The
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billboard is arranged to re-direct this radiation to
the front side of the billboard. Thus, to the side of
the camera, the billboard area appears as a planar in-
frared source. The infrared radiation from the bill-
board area is detected by a special detector 6 at-
tached to the camera. From the data captured by the
detector, when the relationship between the coordi-
nates of the detector and camera images 1s known, it
is possible to determine the target area in the tele-
vision image. Further, it is possible to determine the
mask formed by the person hiding part of the bill-
board. In the embodiment at issue, these are combined
to form a mask image 10, shown in Figure 2, determin-
ing the shape and size of the target area 11 and the
mask area 12 within it. In addition to the geometry
information, the contents of the mask image also com-
prises information about the intended percentage of
coverage of the substitutive content, which in this
case 1s 100 % except the mask area, for which it natu-
rally is 0 %. In more detail, the mask image is, in
this embodiment, a single-color image, the intensities
of its different areas being selected to be propor-
tional to those percentages of coverage.

As shown in Fig. 2, the original television
image 7 captured by the camera and supplied in an
original television signal PGM1 to the transmitting
stage 8 of the signal transmitting chain includes the
billboard 2, part of it being hidden behind the person
3 having been stood between the billboard and the cam-
era at the original venue. To the transmitting stage
is supplied also a graphics control signal GRAPH_KEY.
In the example of Fig. 2, this graphics control signal
determines the graphics 9, also supplied to the trans-
mitting stage, to be added to the right side of the
image area with a percentage of coverage of 70%. The
third signal supplied to the transmitting stage is a
first auxiliary image signal AUX1l containing the mask
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image 10 described above. The image area of the mask
image is limited to the target area only in order to
save the data transmission capacity. Then, naturally,
also the coordinates of the target area corners or
some other reference points in the image area of the
television image must be carried along the first aux-
iliary image signal AUX1l. In this example, the target
area is divided into two sub-areas 1lla, 11b for ena-
bling e.g. insertion of two different advertisements
as the substitutive content to the target area. The
identification information of the sub-areas are also
carried along the first auxiliary image signal AUXI1.

At the transmitting stage 8 of the signal
transmission chain, the mask image 10, the graphics 9
and the graphic control signal GRAPH_KEY are combined
to determine the shared area 13 where the added graph-
ics area overlaps with the target area 11. In the em-
bodiment of Figure 2, when adding the graphics to the
image according to the actual graphics control signal,
in this shared area the graphics is set to have a per-
centage of coverage of 100%, independently from the
percentage determined by the graphics control signal
GRAF_KEY. The intended percentage of coverage for the
substitutive content for this shared area is set ac-
cording to the residual percentage not covered by the
graphics percentage of coverage. In this case this re-
sults in 100% x (100% - 70%) = 30%.

As an output of the transmitting stage 8, two
signals are transmitted further: a processed televi-
sion signal PGM2 including the graphics 9 in the image
7 added as described above; and a second auxiliary im-
age signal AUX2, the image of which differing from
that of the first auxiliary image signal in that the
intensity in the shared area 13 is adjusted according
to the residual percentage of coverage determined
above. These two signals are then received at a re-

ceiving stage 14 of the signal transmission chain for
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final processing of the television image before show-
ing it to the spectators. In said processing, the de-
sired substitutive content 15a, 15b is inserted into
the image 7 of television signal PGM2 according to the
information carried along the second auxiliary image
signal AUX2. This means that the substitutive content
is inserted into the target area 11 determined by the
mask image 10 and said target area coordinates. In
this case this means inserting two separate sub-
contents 1lb5a, 15b to the two sub-areas l1lla 11b of the
target area, the sub-areas being identified by the
identification information also transmitted together
with the second auxiliary image signal. The insertion
is carried out with percentages of coverage determined
by the intensities of the different areas of the image
of the second auxiliary image signal. To the target
area portion outside the mask area 12 and the shared
area 13, the substitutive content is added with a full
percentage of coverage. Naturally, no substitutive
content is inserted to the mask area 12. Finally, the
earlier mentioned shared area percentage of coverage
of 30% is used for the shared area 13 fully covered by
the added graphics in the processed television signal
PGM2. As a result, the shared area 13 of the televi-
sion image 7 of the third television signal PGM3 pro-
duced by the receiving stage 14 consists of the added
graphics with a percentage of coverage of 70 % and the
substitutive content with a percentage of coverage of
30 %. This means that the content of the final televi-
sion image in the output signal PGM3 is exactly what
it would be if the substitutive content would have
been at the site of the advertising billbocard at the
original venue.

The borders between the different television
image areas described above are preferably softened by
utilization of a transition zone within which the im-

age content changes from that of one area to that of
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the other. In other words, e.g. at the border between
the target area and the image area outside of it, the
original image content is set to be replaced by the
substitutive one within a finite-width transition
zone. Abrupt change without any softening could cause
an unrealistic impression. The width of the transition
zone 1is preferably adjusted according to the movement
of the objects in the television image so that with
rapidly moving objects it is wider than with station-
ary ones.

It is important to be kept in mind that the
process i1llustrated in Fig. 2 and described above 1is
one exemplary embodiment of the present invention
only. The actual signal types and the ways of present-
ing the information contents needed in the method can
vary freely within the scope of the claims. The prin-
ciple of the present invention is applicable as well
in analogue as in digital systems. It is also possible
to carry the additional information for later inser-
tion of substitutive content in the same signal with
the television image. As is known for a person skilled
in the art, some television signal standards determine
initially empty data blocks suitable for this purpose.
Moreover, the present invention is not limited to any
specific equipment. All of the above-described steps
of processing the signals can be automatically com-
puter-controlled by standard or application-specific
equipment or as well by adjusting the signals at least
partially manually.

One possible change to the process of figure
2 would be sending together with the processed image
signal PGM2, instead of the second auxiliary signal
AUX2, the original graphics and the graphics control
signal GRAPH_KEY and determining the shared area based
on them not until at a later stage of the signal
transmission chain. That way of proceeding would allow
setting both the substitutive content and the added
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graphics percentages of coverage simultaneously below
100%. In addition, in this approach the percentages of
coverage could be determined only just at the receiv-
ing stage. A drawback would be a possibly higher data
5 transmission capacity required for the graphics infor-

mation.
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CLAIMS
1. A method for modifying the content of a
target area (1l1) in a television image (7), the method

comprising generating an original image signal (PGM1)
by means of a camera (1), processing the original im-
age signal by adding graphics (9) into the television
image, determining the target area in the television
image, transmitting further the processed image signal
(PGM2) and the target area determining data, and in-
serting, at a later stage (14) of the signal transmis-
sion chain, substitutive content (15a, 15b) to the
target area according to the target area determining
data, characterized in that:

- the graphics (9) is added into the televi-
sion image (7) according to a predetermined graphics
percentage of coverage; that

- the method further comprises

- determining the shared area (13)
of the target area (11) and the ad-
ditional graphics (9) area in the
television image, and

- transmitting further, together
with the ©processed image signal
(PGM2) and the target area determin-
ing data, the shared area determin-
ing data and data proportional to
the graphics percentage of coverage;
and that

- to the shared area (13), the substitutive
content (15a, 15b) is inserted according to the resid-
ual percentage of coverage not covered by the added
graphics.

2. A method according to claim 1, charac-
terized in that

- to the shared area (13), the graphics (9)
is added with a full coverage independently from the

predetermined graphics percentage of coverage.
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3. A method according to <c¢laim 1 or 2,
characterized in that the target area determin-
ing data, the shared area determining data and the
data proportional to the graphics percentage of cover-
age are transmitted in an auxiliary image signal
(AUX2), the image content of which being arranged ac-
cording to said data.

4. A method according to claim 3, charac-
terized in that, in order to decrease the required
data transmitting capacity, the image area of the aux-
iliary image signal (AUX2) 1is limited to the target
area (11), and that the information about the location
of the target area in the television image (7) 1is
transmitted as image coordinates of selected points of

the target area.
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