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Design of Hot-spot generator for inserting content-based

interactive advertising on DMB broadcasting
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ABSTRACT

Due to recent increase of product placement(aka. PPL) in TV drama and entertainment program, the
audience of these programs is exposed to the advertisement in the form of the props and backgrounds
without discernment. Advancement in digital data broadcasting technology enabled advertisers to insert
detailed information of the product or associated advertisement link into the content of the broadcast
program as an interactive advertisement. With the interactive advertisement, the audience can focus
on the content of the program and the advertiser can create an advertisement with a rich content through
the interaction between the advertisement and the audience. It is possible because the interactive adver-
tisement is dynamic advertisement behavior only activated by the audience’s intention. In this research,
we develop a Hot-spot generator to insert interactive advertisement in the DMB broadcast program.
We also suggest dynamic Hot-spot generation technique that allows the Hot-spot object to follow not
only the shape of the advertising object in the program, but also the movement of the object as the

program progresses.
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1. INTRODUCTION

With recent breakthrough of digital media tech—
nology, PVR(Personal Video Recorder) device with
does and N-PVR
(Networked PVR) services are widely spread.

fime shift feature as Tivo

Using the time shift feature, the audience now can
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enjoy only the broadcast program without having
to watch the advertisement[l]. Moreover, IPTV
services allow their subscribers to avoid advertise~
ments while enjoying the content at any time they
prefer. The advertiser relies heavily on the PPL
exposing the specific products as props in the tar—
get drama or entertainment program to counteract
the effect of these advertisement avoidance, hence
the audience is surrounded by the advertisements
not knowing they are exposed to the advertisernent
while they're watching TV programs. The media
consortium in Germany addresses the PPL as 'the
concealed advertisement’. That is, the consortium
regards the PPL as a deception against the
audience.

Advancement in digital data broadcasting tech-
nology enabled advertisers to insert detailed in-
formation of the product or associated advertise-
ment link into the content of the broadcast program
as an interactive advertisement. The advertiser can
use Hot-spot feature in the interactive data broad-

casting service to provide interactive advertise-
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ment. Hot-spot indicates the area on the screen
where the audience clicks specific area to get more
detailed information or visit other pages from the
Internet with touch screen or pointing devicel[2].
For example, by clicking Hot-spot, the audience is
able to search the Internet for additional in-
formation of the actor/actress starring in the dra-
ma, or buy the cloth the actor/actress put on right
away.

This research suggests dynamic Hot-spot gen—
eration technique that supports the shape of the
advertising object other than simple button or me-
nus, and also follows the movement of the object

as the program progresses.

2. RELATED WORKS

The advent of digital broadcasting era brings
interactive advertisement to the stage allowing
communications with the audience. Interactive ad-
vertisement can be defined as a new method of ad-
vertising that the consumer can evaluate, ask for
more information like brochures, and catalogs, ac—
quire sample products or discount coupons, or even
buy the advertised product at the moment of the
advertisement is being watched[3].

There are many forms of interactive advertise—
ment according to the characteristics of the me-
dium or the program genres. Various interactive
advertisements can be divided into following 3
classes according to the advertisement entry
time-trigger exposure time. CIC(CM in CM) if the
trigger is placed within the CM, CIP(CM in
Program) if it’s in the program, and finally, the
trigger can be exposed in the banner window that
appears by the action of the remote controll4]. If
the classification criterion is the outer form of the
trigger the audiences interact, they can be fall into
either the simple shape interactive advertisement
or the content-based interactive advertisement. In
the case of the simple shape interactive advertise-
ment like Figure 1(a), the audience can select the

(b) content—based shape

(a) simple menu shape

Fig. 1. Interactive advertisements

Hot-spot of a simple menu type to vote any pro—
gram of interest, or request for an admission ticket
while watching the program. In Figure 1(b), if the
audience finds an actress she likes with a beautiful
accessory while watching a drama, then she can
click the accessory to get more information or pur-
chase it.

In the view of advertisers, CIP and content—
based advertisements are more effective since
these types do not need separated advertisement
time, and the audience can recognize the advertise-
ment more intuitively. However, the development
of the authorware-software that supports the dy-
namic interactive advertisements in the digital
broadcasting program that changes every frame-is
still insufficient.

If the interactive advertisements are to be in-
serted in the digital broadcasting program, the
support for the interactive data broadcasting envi-
ronment is necessary. As of today, T-DMB
(Terrestrial — Digital Multimedia Broadcasting) in
Korea supports interactive data service on
MPEG-4 BIFS(Binary Format for Scene) stand-
ard[5,6]. BIFS inherited from VRML(Virtual
Reality Modeling Language){7] standard, a graphic
data description language that visualizes 3D Space
on the Web, modifying and updating VRML from
text based to binary to improve the transmission
efficiency[8]. In BIFS, a whole content is seg-
mented into several objects that compose a scene
and compressed. The content also includes scene
description which describes time & spatial layout
of each object. The scene description uses a scene
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tree that contains objects as nodes to express the
content[9]. Each node describes not only visual
feature data, and spatial position data but also re—
quired information for the interaction between
nodes. In this research, to insert interactive adver—
tisement into the digital broadcasting program, ar-
bitrary area of interest in the broadcasting program
is set to the trigger area. Then, the trigger area
is described as Hot-spot after it is represented with
BIFS Graphics objects and the relevant link is
established. In other words, Hot-spot is interactive
advertisement trigger that has the same 2D-shape
of the target object to be advertised and moves

along with the target object.

3. SUGGESTED SYSTEM

3.1 General System Flow

Extraction of spatial area of the target advertis—
ing object is a prerequisite for inserting a con—
tent-based interactive advertisement. As an ex-
ample, let’s say a hero of a drama is driving a car,
and the car 1s the target object to be advertised.
Following the plot, the car can move into or goes
out of the frame. As the car comes closer to the
audience or goes farther, the shape of the Hot-spot
should change accordingly.

|

(b) Target object moves out of the screen

Fig. 2. Content-based Hot-spot extraction

Table 1. Basic Process for Hot-spot

Process - Feature

TForms a group from similar

Shot Detection
frames as a scene

LExtracts Contour of object
areds

Object Extraction

Generates object areas using
Segment Tracking | previous selected area by user
pen -input

Converts to BIFS code

BIFS Encoding

Table 1 lists general workflow of the suggested
system that extracts target objects area in-
formation for interactive advertisement insertion in
the broadcasting programs and generates Hot-spot
using the extracted object area.

Hot-spot designation in continuous video stream
requires various procedures. First of all, video
processing for segmentation of a whole video
stream into the scenes is required. Secondly, image
processing for extracting object areas on key
frames, and the last step is data service conversion
for changing extracted object area into the appro-
priate DMB BIFS data.

The first step is getting the position of the target
object in the whole video stream. The basic unit
of dynamic video stream is a frame. Scene change
in the video stream is called Cut, and small video
unit caplured by one camera action is Shot.
Segmenting video into shots is called Video
Segmentation, and detecting transitional cut where
scene change occurs to do video segmentation is
called Shot Detection[10). The content-based
Hot-spot generation this research suggests require
shot detection to separate the whole video stream
into the parts that have the same time feature that
is a unit shot.

If the advertisement target object does appear
in the segmented shot, the shot is processed to the
frames, and the key frames are extracted from the
frames of the shot.

The selected key frames hold the object to be

advertised, and the objects will move in the unit
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shot as the time progresses. Selected key frames
go through image processing to extract a target
object area. Extracting specific object area from
the given image is called Image Segmentation.
Image segmentation methods can be categorized
into largely two methods: Automatic Segmentation
and Semi-automatic Segmentation. Result from
automatic segmentation is usually unsatisfactory
as the definition of video object happens to be
subjective. On the other hand, user’s indication of
the video object on the first frame or on the frame
where it first appears or location data of interest
area will result in more satisfactory extraction[11],
f12]. For this research, pen-based user input inter-
face is used for the semi-automatic segmentation.

The target object of the advertisement con-
tinuously changes it’s shape and position as the
video stream that contains the object changes
dynamically. Thus, the Hot-spot area defined in a
key frame differs from the broadcasting program
in the process of the time. Setting a key frame for
every unit frame in the image segmentation may
solve this problem, but it will require too much time
and cost. As the movement of the object can occur
in the very short time frame leaving the audience
without acknowledge the movement at all, it is
better to leave the Hot-spot keep the position for
a moment giving the audience a chance to ac-
knowledge the Hot-spot and select it. The data rate
for information on Hot-spot area is limited due to
the bandwidth limitation of the data broadcasting.

Moreover, extracting the target object in every
key frame is not an easy job. If the interval be-
tween the key frames is too small, the work load
of the advertisement producer will increase dra—
matically, if too large, the Hot-spot area and the
object in broadcasting program will differ. Hence,
a special technique is required so that generation
of key frames with small intervals would not levy
too much load on the advertisement producer by
helping the input work of the Hot-spot area. This
research tries to minimize these work load. By us-

ing the prior input stroke, the advertisement pro-
ducer doesn’t have to input the are of the target
object area for every key frame.

As the last step, the object area processed
through the image processing is converted into
DMB BIFS code via data service converter. These
BIFS codes are compressed and transmitted to
DMB devices. Finally, Hot-spot is triggered by us-
er's interaction while watching DMB TV.

3.2 Design of Hot-spot generator

This section describes suggested system organ-—
ization and details on the action mechanism. System
organization is shown at following Figure 3.

The Hot-spot generator system is composed of
three phases: shot detection phase, image segmen-—
tation phase, and BIFS conversion phase. Also
there are 3 input sources: original video stream in-
put for the interactive advertisement insertion, pen
input for setting the area of interest in the key
frames, and parameter input to limit the data ac—
cording to data rate limitations of the data
broadcasting. The output is mp4 file that contains
interactive advertisement. This mp4 output file is
converted to TP(Transport) stream and then fi-
nally broadcasted through the DMB devices. As
parameter input, the advertisement producer can
control adjustment parameter and precision
parameter. Advertisement producer not only can
control these two parameters to create Hot-spot

adaptive to the properties of input video stream,
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Fig. 3. Hot-spot Generator system overview
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also should control these parameters if the data
rate limitation is not met. As an example,
Increasing adjustment parameter for a video
streamn with large movements and frequent scene
change like a sports game will make the intervals
smaller between the key frames, so the generated
Hot—spot and the object in the video stream would
match more seamlessly{see Figure 4{(a}). On the
other hand, for video streams with relatively large
area of actor/actress or product on screen but low
movement such as TV dramas, increasing pre-
cision parameter will increase the points of the pol-
ygon that represents the target object, allowing the
audience to select complex Hot-spots of their in-
terest with more accuracy(see Figure 4(b)).
Conversely, in case of the total data size is bigger
than the data rate limitation of broadecasting, the
problem can be solved by reducing those two
parameters. So it will make the size of the addi~
tional information smaller.
Shot detection

This research forms shot indexes by detecting
hard cut and gradual transition from the input vid-

eo stream fo extract unit shots. For faster inter—

action of the system, shot detection algorithm

increase

—>

decrease

(a) adjustment parameter
= change in the key frame intervals

increase

—>

decrensn

L e

(b} precision parameter
- change in the number of data points

Fig. 4. Application of the adaptive parameter and
precision parameter

processes I frames only leaving B, P frames intact.
Checking whether target objects to be advertised
is in the indexed unit shot is done with the unaided
eves of the advertisement producer. Using auto—
matic extraction of moving object and foreground
images in the video stream is out of the scope of
this research. As the next step, the advertisement
producer extracts key frames from selected unit
shots. Adjustment parameter is referenced to de-

cide the number of key frames in this step.

Image segmentation

Image segmentation on selected key frames is
applied for extracting Hot-spot areas. Figure 5
shows the flow chart of the suggested method.

First of all, key frames are automatically seg-
mented into basic segments by Mean Shift algo-
rithm[12]. The advertisement producer draws a
simple closed curve around the target object of ad-
vertisement on the key frame with pen-based
mterface. Basic segments that are inside or overlap
the simple closed curve are selected as the target
advertisement object area. All the other segments
are automatically clipped out.

Figure 6{a) shows the key frame with automati-
cally segmented into basic segments. After the ad-

vertisement producer draws the simple closed
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Fig. 6. Suggested object area extraction technique
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(a)

(©)

Fig. 6. User’s pen input and the result of the object extraction

curve as the information of the target object area
for advertisement as in Figure 6(b), then Figure
6(c) shows the final result of the extracted target
object.

This semi-automatic segmentation method
holds advertisement producer’s intention better
than full-automatic method and also extracts
aimed Hot-spot area much quickly using
pen-based interface. Moreover, using extracted
area of prior the key frame, the advertisement pro—
ducer’s effort is minimized to add only the part
changed in the continuous key frames.

BIFS conversion

Extracted object area is represented as 2D coor—
dinates sets, and described as Hot-spot by adding
the associated links. Figure 7 shows a structure
and an example of the key frame list processed on
a unit shot contains advertising object. Total num-
ber of key frames is 41, the number of the first
key frame is 0, and the second one is 50. If target
advertising object area is extracted for key frame

TYPEDEF struct _keyframe { :tgtr?g%% T e e
int frame id; g AR RIS DB SRR
%]g% fgg‘gﬂ]ﬁ%ﬁe APﬁE"D TU Root .children Transform2D {

me start_{me; OUCH TouchSensor {}
{ime end e, ngggr nggﬁg f
JREYERAME, w i %i\ep reperties {
TYPEDEF struct _keyframe desc  { Tebter
int frame_type;
mt frame; I\t/l%a] fn:ounéh Eéﬁ!ﬂ%@

[FRA *Trams St 107 28 106 28

) KBYFRAME_DESC, ] 3? 104 00 50 11003
60 02

0 25 2085 a7 %Hggy -HUE: e o2 T8 BRAING SE8L17%5ee
2 101 130 4213 6236 evere
3 151 201 6298 8383..

Fig. 7. Polygonal representation of object area and
BIFS code

number 0, then a coordinates set value needs to
be inserted into the part of bold text in Figure 7.
geometry IndexedFaceSet2D element represent the
area of Hot-spot and BIFS recognizes the first val-
ue as the x—axis coordinate, second value as the
y-axis coordinate in the 2D coordinates set, and
processes all continuing values in this manner[13].

After BIFS conversion, BIFS codes of each key
frame are combined into one MPEG-4 BIFS data
file. This data file is multiplexed with audio and
video data to create a new mp4 file. This newly
created mp4 file is transferred to DMB device via
digital broadcasting transfer device, then whether
the intended advertisement area is working as the
Hot-spot can be verified.

3.3 Implementation of the system and
Working study

This section describes the implementation of the
suggested Hot-spot generator and how it works.
Microsoft Visual Studio 2005 on Windows XP was
used to develop the Hot-spot generator. The sys—
tem has largely 3 executable modules. The first one
is ShotDetector which detects shots from the input
video stream and decides the key frames. The sec—
ond module is ContourTracer that extracts object
area from the key frames. The last one, BTMaker,
is in charge of the DMB BIFS data conversion. For
validating the concordance of result Hot-spots and
the video source, we used the Osmo4 Player which
is provided by the open source project-GPAC[14].
The result mp4 file was played and tested on the
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Osmo4 Player.

Following Figure 8(a) demonstrates video seg
mentation on input video content using ShotDetector
executable. In Figure 8(b), ohject areas are extracted
from selected key frames and polygonal regions are
calculated using ContourTracer executable. After
that, extracted object areas are converted into BIFS
code by BTMaker executable. The number of key
frames to be generated and the size of the additional
information automatically reference the two param-
eter inputs. In Figure 8(c¢), the link is added to the

final advertisement area before converted to the
DMB BIFS code by BTMaker, Figure 8(d) shows
the user’s validation of interactive advertisement
using Osmod Player. The result of the experiment
on DMB drama video stream with less movement
is on the left, and the result of a sport game video

stream with lots of movement is on the right side.

4. EXPERIMENT AND THE RESULT

This section introduces the environment for the

(¢) Generated BIFS text code

s

(b) Advertising ohject edge extraction by Contour'l'racer

() Test of Hot-spot selection

Fig. 8. interactive advertisement insertion and broadcasting in DMB
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Table 2. Plans for experimentation

(a) Plan 1
Goal Measure the precision of object extraction for the given time
Comens | 1 Dot s (s ey ames)
Method Calculate the error rate between tester extracted area and accurately extracted area
(b) Plan 2
Goal Accuracy of the content-hased Hot-spot
Content Video contents with phases that have different key frame extract intervals
Method Percentage of the successful/failed cases of users’ Hot-spot area selection using phases.

experiment and analyzes the result of the
experiment. Table 2 shows plans for the
experimentation.

In the first experiment, testers are classified into
two groups: group A manually extracts the target
object using a drawing tool, and group B extracts
the target object using our system. The Drama
program used as the first experiment content was
set 16 key frames, and within the key frames test-
ers are required to extract the face of the actor.
For the second content, a basketball game program
was used, and the testers are asked to extract the
body of the player within 30 key frames. The test-
ers were given 3 minutes to perform object ex—
traction using either the drawing tool or our
system. Following Equation (1) and (2) are used
to estimate the error rate of the object that the test

subjects generated.

Eu=(%)><1(}0, Eo=(%)><100 (1)
Match = (E‘%{E) %100, Error = Eu+Eo 2)

Ra is the precisely cropped area of target object
in the selected key frame by using the graphics
software Adobe Photoshop CS3 Extended. Ru is
the un-extracted area of the target object area, and
Ro is incorrectly extracted area. For every area,
pixel numbers were counted and represented as
Match value, and the precision is estimated from

the calculated error rate.

If all the objects are correctly extracted in the
given experiment, then the error rate would be
close to 0. Figure 9 shows the result of the change
in the given time for object extraction. For the sub-
ject group A, who used graphics tool for extraction,
error rate increased drastically as the number of
frames increased or given time reduced. On the
other hand, the error rate of the subject group B
was not susceptible to the change of the content
or the given time. In other words, the suggested
technique gets more useful for the object extraction
in the programs that have many scene changes or
very short key frame intervals.

In the experiment 2, the subjects were tested for
the success rate of Hot-spot selection with the
varying key frame intervals in a drama and a sport
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Fig. 9. The result of the precision test of object
extraction
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preciaion
rate Yhames B frames

7 frames

Fig. 10. The result of the precision test of Hot-spot
selection

game. Experiment contents were saved with 3, 5,
7, and 9 key frames per 10 seconds, and 10 subjects
were tested 10 rounds per each testers. As Figure
10 shows the result, the drama program was not
susceptible to the change in the number of key
frames, but testers found it hard to click the target
advertisement in the sport game with lots of
movement. Therefore, for the video content with
lots of movement such as sport game program, it
is advisable to use the suggested Hot-spot gen-
erator to detect a relatively simple form of Hot-
spot area for as many numbers of key frames and

then broadcast it as a interactive advertisement.

5. CONCLUSION AND FUTURE WORKS

Advancement in digital data broadcasting tech-
nology enabled advertisers to insert detailed in—
formation of the product or associated advertise—
ment link into the content of the broadcast program
as an inleractive advertisement. With the inter-
active advertisement, the audience can focus on the
content of the program since this type of advertise—
ment is activated only by the audience’s active
behavior. The advertisers can use this as a new
channel of selling their product, or as a marketing
tool for more direct consumer analysis. This re-
search suggests a system for easy generation of
dynamic Hot-spot that follows the target object of
advertisement.

The proposed system is evaluated using GPAC
MPEG-4 player, and has proved it's usefulness
using two DMB broadcasting programs that have
different video environmental features.

Future works include the technique for gen-—
eration of satisfactory Hot-spot without the adver—
tisement producer’s manual parameter input by
automatically detecting features of the input video
stream. Intelligent system for handling the data
rate of additional information as the number of
Hot-spots grows is also in the list of the problem
to solve. As for the future study, it is desirable to
include the target data rate as a new parameter,
and integrate the parameter with existing ones in

the system.
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