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Abstract

The capacity to create innovative Business Models (BM) has become the foundation for numerous businesses.
Business Model Innovation (BMI) grows more significant as digitalization influences our everyday lives and
prompts the development of better approaches for working, imparting and collaborating in this computerized
universe of Industry 4.0. In this paper we present a conceptual architecture which can be applied in the modern
video-conference systems with the help of semantic segmentation. The scene represents an environment,
intended for discussion of ideas in business modeling. The semantic segmentation allows each pixel of an image
(or video) from the scene to be related or classified to a specific type of object. In this way it is possible to
interpret the description of a scene by the machine. Thus, with the help of the proposed architecture, the
processes taking place between objects and people in the surrounding environment can be analyzed for the
purpose of digitization of BMI by modelling human behavior and cognitive processes into logical expressions
that can be digitized and automated. The semantic segmentation is considered as a basic element in this type of
interaction. We demonstrate the effectiveness of our algorithm in with real data examples.

Keywords: Deep learning; semantic segmentation; teleconference; business model innovation.
1. Introduction

Organizations have consistently adjusted with the evolving times, yet the deluge of digital innovation
technologies, such as mobile, cloud, social, and big data analytics has quickened the pace at which the
organizations need to advance and how much they change the manner in which they develop, work, and serve
their clients. Business Model Innovation (BMI) and Business Models (BM) have become obligatory for any
organization. According to [4], BM and the process of BMI can be described as phenomena with patterns and
mechanisms. Building on this, the BM as a conceptually distinct construct may provide theories with new
explanatory power and reach.

Artificial intelligence and deep neural network architectures are entering the modern world through the
ability to analyze certain types of problems, replacing the need for human intervention and taking action to
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increase the ability to achieve a goal. In this aspect, deep neural networks can be applied as an innovative
approach to support efficiency and effectiveness in business modeling. The modern literature describes various
developments at the theoretical and applied level, the main challenge of which is the modeling of human
behavior and cognitive processes in an appropriate digital form. This in turn allows computer analysis of
complex problems in order to make optimal decisions. In this sense, there is a need to develop effective methods
and algorithms to bridge the semantic gap between the way one understands the scene and the way machines
interpret it.

The objectives of this paper are precisely in the development of such an algorithm to serve as a tool to
support activities in the business environment. With further development, a typical application of our work
includes the following scenarios:

e Ifauseris unable to attend a meeting in the room, he/she can participate remotely via a video conferencing
application. Semantic segmentation allows the participant to remove unnecessary visual content around
him/her (objects from the background, objects around him/her or other users who do not participate in the
conference). On the one hand, this reduces redundant data transmission (which is especially valuable in
conditions where the network capacity is very limited), and also hides objects that should not be visible to
other users. In addition to participant segmentation, an interactive whiteboard and/or marker can be
segmented to be visualized remotely.

e  Another example of application is related to the analysis of the work with used tools during a meeting. For
example, an assessment can be made of which tools are used and how often they are used [9].
Subsequently, the unnecessary ones can be removed or improvements of the used ones can be offered.

Semantic segmentation methods can be divided into two groups: Classical methods and those based on neural

networks with deep learning. Classical methods include treatments such as thresholding, K-means clustering,

and contour detection. In modern systems, algorithms based on the second group (neural networks with deep
learning) are preferred, which are characterized by higher efficiency. Hence, the proposed algorithm in this
work is based on this type of networks.

In these days, there is a lot of research works, based on 3D reconstruction that can be used in
teleconferencing systems [1], [2], [5], [9]. A pool of applications exists with attempt to analyze the user
behavior [7], [8], [10]. The fundamental elements in these research papers are scene reconstruction and human
computer interaction. In our work, the intention is to upgrade the usage of these basic elements, offering
additional useful architecture that can be of help in real application scenarios for virtual teleconferencing
systems.

The rest of the paper is organized as follows: the next section gives a detailed description of the proposed
algorithm. Section 3 presents the experimental results. The final section draws the conclusion and suggests the
scope of future work.

1. Algorithm description

On Fig. 1 is shown the conceptual diagram of conference system for supporting business modeling.
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Fig. 1. General conception diagram of the proposed conference system.

The interaction analysis and management is maintained by the “Conference System Core” unit. We assume
several real cases in (tele) conference communication, each of which can occur individually or simultaneously.
We will describe each case and possible scenarios behind it, so that we can conclude what are the necessarily
logical processing steps that the “Conference System Core” unit should take care of. Further, we propose a
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semantic segmentation based algorithm that is able to handle all the described scenarios. On Fig. 2, are shown
the fundamental construction blocks during the analysis. Each of these blocks can be considered relevant or not
relevant to the specific case and scenario which we will be discussed further.
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Fig. 2. Basic analyses blocks for supporting different conference systems cases.

1.1. “Scene Understanding via Semantic Segmentation”

The left part in Fig. 2 “Scene Understanding via Semantic Segmentation” includes the following major
processing modes/steps of the proposed algorithm.

“Participant Segmentation” - A segmentation masks for all available people in the frame are computed and

the background is removed. A special case is considered when only one participant should be segmented for
remote conference meeting, so that no other participant in the scene can distract the other participants. The
“Conference System Core” module should be set so that either one or more participants can be segmented.
In case of one participant, a tracking method should be applied so that the algorithm guaranties that the
image of only this participant will be segmented during the meeting.

“Portrait Segmentation” - A segmentation mask for only the upper part of the body can be useful during the
conference. Since in most of the cases we are only interested in the face-to-face communication, the
proposed algorithm allows for portrait segmentation mode. This mode has also the ability to reduce the data
transferred or recorded during the communication.

“Background Replacement” - This mode is closely related to “Participant Segmentation”. Moreover it
provides background substitution, which is beneficial in teleconference systems, where unnecessary parts
from the scene are not in need to be transmitted. This allows for hiding some details from the scene that
might distract the participants. This mode is helpful especially in home office environment. It can also be
used for replacing the background for all participants in the conference with a common appropriate content.
This creates an immersive feeling in the participants as if they were in the same place.

1.2. “Interaction Monitoring”

The right part in Fig. 2 “Interaction Monitoring” contains the general processing blocks, which implement the
participants’ interaction analysis. Here we discuss each method individually:

“Intra-Group Analysis” - This processing block performs interaction analysis locally between participants,
which are located in a common meeting room. The goal of this block is finding out where a person is
looking at. During the meeting analysis, four possible targets are taken into account. These are:

- Participant is looking at Working Station-WS (PC, Notebook, Mobile Device or etc.)

- Participant is looking at other participant

- Participant is looking at the screen/monitor/TV

- Participant is distracted (i.e. looking at some other point)

In order to accomplish such analysis, two contributing factors might be taken into account: head orientation
and eyes orientation. Since our goal is to determine the focus of attention, not the exact gaze point, we
simplify this processing by choosing to estimate head orientation only. At first all possible targets are found
by the “Scene Semantic Segmentation” (See Fig. 2). To achieve this goal, a Deep Learning DL method is
applied, so that all Participants, WSs and Whiteboard are detected in the scene. Once all targets locations
are determined, we apply Supervised Descent Method SDM [11] for head orientation assessment on each
participant. Given the coordinates of all available targets, the focus of attention can be easily estimated from
the head orientation. If the participant is not focused on some of the targets, this participant is considered
distracted. The statistical information for the attention measured by the aforementioned method is recorded
for all participants during the whole meeting.
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e “Inter-Group Analysis” — This block includes remote interaction monitoring and analyses how the
participants between distinct groups communicate each other. Each participant or group of participants
should have a dedicated conference camera (i.e. web camera). The video of each camera is processed so
that each face emotion over time is recognized and stored on the server. This can be of help in analysis of
how each participant reacts emotionally during the meeting. For emotion recognition, we used the
implementation of our previous work described in [5]. The possible emotional states are: neutral, anger,
happy, sad and wondering.

e “Data Recording (blurring option)” - The interaction monitoring data computed by the aforementioned
blocks (see the right part in Fig. 2) along with the captured video are stored in a dedicated server. For
preserving privacy, a blurring option of all detected faces is available, so recording can be performed on a
blurred version of the video.

1.3. Example case scenarios

From the conceptual diagram presented in Fig. 1, it can be seen that it is very flexible in terms of how the
conference system is to be used. The “Conference System Core” can be configured from the “Conference
Management” unit for the following example cases:

e  “Local conference meeting” — In this case, there is no need for remote data transferring, and all possible
interactions between participants are performed at place (room/hall/office). Considering a given presenter in
the meeting, the system includes video sensors that capture the whole meeting room, as well as dedicated
video sensor for the presenter screen/white board. The “Conference System Core” unit in this case should
perform the following operations:

- Intra-Group Analysis
- Data recording (blurring option)
e “Remote conference meeting” — Unlike local conference meeting, in this case there is a need of Inter-Group
Analysis, so the following operations are allowed:
- Intra-Group Analysis
- Inter-Group Analysis
- Data recording (blurring option)
In Fig. 3 is depicted the main processing steps of the proposed algorithm.
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Fig. 3 General steps of the proposed algorithm.

The “Input Video” from the camera is given to the first block (Semantic Segmentation via Deep Learning),
where we apply the algorithm based on the DeepLabV3 model with a ResNet-101 backbone [3] in order to
distinguish “Participant(s)” from the “Background”. If the input camera is positioned so that it can capture the
whole scene, it is also possible to detect any WS (i.e. PC or Notebook) and Screen (i.e. Monitor or TV). Their
coordinates are used if “Intra-Group Analysis” is desired, finding out the looking direction of the participants.
Once the participant(s) contour(s) is(are) found the “Portrait(s)” detection is performed, extracting only the
upper found of the body. Afterwards, “Face(s)” detection and “Expression(s)” detection is applied via the
algorithm presented in our previous work [5] based on the Supervised Descent Method (SDM) [10]. We also
assess the “Looking Direction” of the person(s) using a method based on SDM as mentioned earlier. The
“Background Replacement” is also performed (if necessary) using appropriate “Background Image”. For
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providing participant(s) privacy protection functionality a “Face(s) blurring” is also applied. This is done
utilizing a Gaussian filter, processing only the facial part from the image. All gathered data is then transmitted
through the network and/or recorded on the server (see “Data transferring and/or recording” block in Fig. 3).

2. Experimental part

In this section, we present the experiments conducted for each of the functionalities:

e “Participant Segmentation” — Fig. 4 depicts some example images of participants located by the Deep
Learning semantic segmentation algorithm. Only the pixels that belong to the participants are remained, the
other content of the image is replaced in white color.

Fig. 4 Some example images of participants segmentation.

e “Portrait Segmentation” — In Fig. 5 are shown some example images, over which portrait segmentation
operation is applied.

== PR -

Fig. 5 Some example images of portraits segmentation.

e  “Background Replacement” — This Fig. 6, we present the portraits of several participants in a conference
call where the background was replaced with a common image.

Fig. 6 Some example images of background replacement.

e  “Intra-Group Analysis” — The main goal in this block is determining the looking direction. In Fig. 7, we
present two picture examples of conference meeting and the corresponding labels of the resulted looking
direction.
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Fig. 7 Intra-group analysis of some participants along with the estimated looking direction.
It should be note that the face for each participant is not fully visible by the camera. In these cases, the looking
direction cannot be determined, but if a given participant is identified by the sematic segmentation algorithm, an

ID is assigned, and the looking direction of other participants to this participant can still be determined. This is
the case in the left part in Fig. 7. We can see that the looking direction of participant with ID1 is not found. But
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his ID is found by the semantic segmentation. The looking directions of the other participants (ID2 to ID6) are
determined and all of them are focused to ID1. For the right side in Fig. 7 all participants look at the screen. It
should be noted that the screen is not visible and the algorithm for this particular environment is set so that the
camera’s plane is aligned to the screen’s plane. It is convenient option, if the environment has only one camera
that is attached to the top of the presentation screen. On Fig. 8 are depicted the interaction profile statistics of
two participants during a conference. The Intra-group analysis determines the looking directions and builds a
histogram, where each bin corresponds to the looking direction and its height determines the percentage time, at
which this looking direction was preserved by the participant. From Fig. 8, it can be seen that both of the
participants were looking at the screen in most of the time. The participant ID2 was more distracted than the
participant ID1. It should be noted that it is not possible to determine the looking direction during the whole
meeting due to a number of factors (the participant face was not visible from the camera, the participant is
partially or fully occluded, the participant is out of the room/meeting, and etc.). Hence, the aforementioned
results on Fig. 8 are presented during the 75% of the meeting time for Participant ID1 and for 79% of the
meeting time for Participant ID2.
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Fig. 8 Intra-group analysis: interaction profile for two participants with respect to the looking direction estimated during the meeting.

e  “Inter-Group Analysis” — In Fig. 9 are depicted several participants in remote conference along with the
estimated emotions for each of them. In this example, three different emotional states are distinguished (i.e.
Neutral, Wondering, and Happy).

Neutral

‘Wongdeting

Fig. 9 Inter-group analysis of some participants along with the estimate emotion for each of them.

Fig. 10 depicts the statistical results of the emotional states for two participants during Inter-Group analysis. As
mentioned earlier, this type of analysis is also available for the Intra-Group analysis mode.
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Fig. 10 Intra-group analysis: interaction profile for two participants with respect to the emotional state estimated during the meeting (also
available in Inter-group analysis mode).
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From Fig. 10, it can be concluded that in most of the time both of the participants’ emotional states were
estimated as a “Neutral”. It should be note that the statistical results are determined only for frames, for which
the faces were detected by the algorithm (67% of the meeting time for the Participant ID1 and 79% - for the
Participant ID2).

3. Conclusions

In this paper we propose a conceptual architecture and an algorithm, applicable specifically for the purposes
of innovation in business modeling. The proposed model includes: participants’ extraction, background
removing (or replacement), participants’ behavior analysis (which we further classify as intra and inter-group
analysis) and data recording. Behavior analysis includes: finding out the looking direction (by assessing the
orientation of the head) and emotional state assessment (by estimating the facial expression). During the
meeting, four possible looking targets are taken into account. These are: participant is looking at the Working
Station; participant is looking at other participant; participant is looking at the screen or participant is looking at
some other place (i.e. distraction state). We show the statistical information of the estimated profile for the
particular participants in a real case scenario.

The proposed conceptual model architecture and an algorithm can be easily adapted by businesses by
integrating other sensors (ex. stress wearables) and machine learning techniques to observe, analyse and predict
human behaviour and facilitate de the digitalization of the BMI process. This environment should be able to
facilitate businesses and organizations by “making” it possible for them to “see”, “sense”, understand and
communicate their Business Models dimensions and components. The business models must “learn” as they are
created to enhance the competitive-edge of the businesses.
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