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Abstract—A barrier-coverage is considered as one of promising
research branches because it can be used for various applications.
Also, thanks to advanced technology in Internet of Things (IoT)
environment, human emotion could be recognized by wireless
signal. But, the detection accuracy by wireless signal can be
different depending on the distance between a person and a device
so that there may exist a weak hole with a very low detection
accuracy when barriers are formed by IoT devices. In this paper,
we introduce a seamless hole-free virtual emotion barrier, which
provides the detection of human emotion without the weak hole
by virtual emotion barriers. Then, we formally define a problem
whose objective is to maximize the minimum detection possibility
in the barrier and also propose a novel approach in order to solve
the problem. Furthermore, a brief discussion of future work and
plan is offered in the paper.

I. INTRODUCTION

Since emotion should be an important feature and prop-

erty of human and interpersonal communication, the emotion

recognition has gained lots of attention over the past decades

from both academic communities and industry companies

including cognitive science, affective computing, medical ser-

vices, game applications, etc [1], [2], [3], [4].

Moreover, it is anticipated that Internet of Things (IoT)

technology will play a critical role in promising smart cities

because IoT will provide citizen with rapid and appropriate

services based on a large quantity of data including social

information, emotion data, economic news, etc [5], [6], [7],

[8], [9]. In particular, the emotion detection with possible

high accuracy should be one of essential issues for successful

realization of smart cities. Such a correct emotion recognition

can allow people to receive appropriate services depending

on various goals and situations as well as can be utilized for

numerous applications such as medical service for sleep dis-

order, patrol reinforcement, advanced driver assistant systems,

etc [10], [11], [12].

In general, human emotion can be recognized by various

emotional states based on computational models such as joy,

pleasure, happiness, sadness, fear, anger, etc [1], [3]. It is

widely known that there are three approaches to extract the

information of emotion. Firstly, the emotion can be derived

Fig. 1. An example of emotion recognition using wireless signal and its
reflection.

from audio and visual information including vocal tone, facial

expression, activity [13], [14], [15], [16]. Secondly, it is possi-

ble that the emotion is analogized by physiological signals and

features by on-body sensors, wearable cyber-physical devices,

which returns heart rate, body temperature, blood pressure, etc.

[17], [18], [19]. Thirdly, the emotion and gesture derivation by

wireless signal recently has been studied in [20], [21], [22],

[23]. It is expected that the third approach will be used widely

in IoT environment since it has clear benefits of improved

privacy, coverage when compared with the aforementioned

approaches. Fig. 1 depicts an example of emotion recognition

by wireless signal and its reflection. Each IoT device can send

the wireless signal to person and receive its reflection. Then,

the feature extraction procedures of heart segmentation and

respiration signal finally return the derived human emotion.

As seen in Fig. 1, wireless signal can pass through walls or

other objects. It leads that the identity of the person will not

reveal and the sensitive privacy information will not be sent

to IoT device because IoT device may need only emotion

information of the people if it is used in public area. Definitely,

if the private service based on emotion recognition is required,

the identity of the person can be applied to the system after

agreement of the service user. However, since the emotion978-1-5386-7693-6/18/$31.00 c©2018 IEEE



or gesture detection accuracy by wireless signal depends on

the distance between device and person, this issue should be

handled carefully [20], [21].

On the other hand, many researchers have studied barrier-
coverage because it can be utilized for numerous applications

such as public safety, intrusion detection, border surveil-

lance [24], [25], [26]. If we construct a barrier by a set of

devices in the region of interest (RoI), the barrier enables at

least one device in the barrier to detect any penetration or

movement from one section to another location. Thanks to

its usefulness, the concept of barrier-coverage is considered

as one of emerging topics in UAV networks, wireless sensor

networks [27], [28], [29], [30], [31], [32]. Specifically, it

is highly reasonable that we deliberate on barrier-coverage
on emotion detection in IoT environment. Kim et al. [33]

recently introduced the concept of virtual emotion barrier
which is able to detect human emotion by IoT device using

wireless signal and its reflection. However, there may exist a

detection weak point, referred as emotion detection hole, if

some device in the formed virtual emotion barrier has a very

low detecting accuracy rate. Also, because the reliability of

virtual emotion barrier depends on its cumulative accuracy,

the issue of solving or minimizing emotion detection hole
should be addressed importantly.

Based on the above observations, we introduce seamless
hole-free virtual emotion barrier that is a barrier system in

IoT environment. By the proposed system, the emotion of any

person moving from one side to another side is to be recog-

nized by at least one IoT device avoiding emotion detection
hole with a very low detection accuracy when wireless signal

is employed. To the best of our knowledge, this is an initial

approach to consider emotion detection hole in virtual emotion
barrier research. Furthermore, in this paper, we formally not

only define a problem whose objective is to maximize the

minimum detection accuracy in the barrier but also represent

it using Integer Linear Programming (ILP) formulation. To

solve the problem, we propose a novel Flexible-Emotion-Edge-
Selection approach.

The rest of the paper is organized as follows. The next

section reviews several related works. In Section III, we

introduce our proposed system for seamless hole-free barrier

in IoT environment and formally define a problem with

ILP formulation. Then, in Section IV, a novel approach is

presented to solve the problem. Finally, we conclude the paper

with a discussion of future work in Section V.

II. RELATED WORK

Emotion should be critical factors in human life and com-

munication as it allows to understand intentions of other

people. Hence, there are numerous studies related to human

emotion within psychology, science, affective computing, etc.

First of all, a computational model of human has been con-

sidered by [1], [3]. Using a clinical or a medical device,

they analyzed the behavior of the emotion computation model

toward pursuing the understanding of a human spiritual world.

Also, various computation models of emotion were studied

in [4], which covers main features of psychological theories.

And, in [11], authors devised not only an emotion model for

user and group but also multivariate Gaussian scheme and its

joint probability to detect some users’ unusual emotion status.

Continuously, the research of human emotion has been

studied by many researchers. In [14], authors implemented

a real time facial expression system through smart phone to

extract the human emotion. In [34], Szwoch et al. considered

a recognition of emotion using depth channel through Kinect

sensor instead of camera. Then, in [35], authors deliberated

on a combination of color and depth information through

Kinect sensor to derive facial emotion and features. Also,

an interactive emotion communication model was proposed

to recognize emotion through a biofeedback device in [17]

and Agrafioti et al. focused on the study of ECG signal and

its psychological features about emotion in [19]. Specially, a

promising technology based on wireless signal was introduced

for emotion derivation by [21]. In the research, authors also

developed the system to evaluate person’s heartbeats using

wireless signal and its reflection. Then, a useful system for

human emotion was proposed by [23], which emotion is

extracted from body movements and behavior with a consid-

eration of vehicle with realistic scenario and setting.

On the other hand, there are many studies with various

types of applications in the research branch of the barrier-

coverage. First, Gage [24] introduced the concept and ob-

jective of the barrier-coverage. In [25], [26], Kumar et al.

formally defined the concept of k-barrier-coverage in wireless

sensor networks, which provides a guaranteed detection of

the penetration into the given area. They developed optimal

sleep-wake up scheduling schemes to maximize the lifetime of

barriers with continuous k-barriers. Then, a study of weak-k-

barrier-coverage and lower bound calculation have been done

by [27] and Kong et al. [29] defined a new type of problem

how to construct a barrier automatically using wireless mobile

sensors. Also, in [28], authors devised a new type of barrier,

event-driven partial barrier, and considered its resilient con-

struction and maintenance through mobile sensors. Moreover,

in [30], [32], authors applied the concept of barrier-coverage

to Unmanned Aerial Vehicles (UAV) networks and formally

defined a problem how to build reinforced barriers without

any conflicts among UAVs when they move from initial spots

to specific positions. And, in [31], authors focused on the

research how to solve the problem of sensor location errors

on the minimum number of mobile sensors and to remove

the gap due to those location errors. Besides, a concept of

virtual emotion barrier has been introduced by [33]. Authors

importantly described the motivation and usefulness of the

virtual emotion barrier as well as formally defined a new

problem that considers a cumulative accuracy of the barrier

in IoT environment.



(a) A relation between IoT device and person for emotion detection
accuracy using wireless signal and an example of virtual emotion
detection hole.

(b) An example of creating seamless hole-free virtual emotion barrier.

Fig. 2. An example of virtual emotion detection hole and of constructing seamless hole-free virtual emotion barrier.

III. SEAMLESS HOLE-FREE VIRTUAL EMOTION BARRIER

In this section, we introduce our proposed barrier which

is called as seamless hole-free virtual emotion barrier. Also,

we formally define a problem which we seek to solve in the

proposed system.

A. Construction of Seamless Hole-free Virtual Emotion Bar-
rier

In the system, we assume that every IoT device is equipped

with wireless signal where the device can derive different

types of emotion by procedures including heart segmentation

and respiration based on the reflection of wireless signal.

Also, suppose that each IoT device has different maximum

sensing range. Also, it is noted that the accuracy of emotion

recognition decreases as the distance between person and

device increases [21].

B. Problem Definition

Now, we define the proposed seamless hole-free virtual
emotion barrier in the IoT system as follows.

Definition 3.1 (seamless hole-free virtual emotion barrier):
Within a given square-shaped area A, we have a set of IoT

devices S with a list of different maximum signal ranges R
where each IoT device is able to detect emotion within its

own sensing range using wireless signal and its refection. A

seamless hole-free virtual emotion barrier (HoF-VEmoBar)
is a barrier that the emotion of any person moving from one

side to another side is to be recognized by at least one IoT

device without weak hole with a very low detection accuracy

possibly.

Then, we formally define the MaxLoD problem which is to

be solved in the proposed system.

Definition 3.2 (MaxLoD): It is given that a set of IoT

devices D are located within A and the detection accuracy

information depending on a distance between device and

person. Then, the maximum low detection accuracy of emotion

(MaxLoD) problem is to maximize the low detection accuracy

of weak hole in the barrier so as to construct seamless hole-

free virtual emotion barrier.

Fig. 2(a) shows a relation between IT device and target

person for emotion recognition accuracy through wireless

signal and its reflection. By [21], it has been known that the

emotion detection accuracy by wireless signal depends on the

distance between IoT device and target person. It leads that

as the distance increases between the device and the person,

the detection accuracy decreases. Also, Fig. 2(a) describes an

example of emotion detection hole. When a virtual emotion
barrier is formed by IoT devices consisting of I1, I2, I3, I4, I5,

the detection accuracy edge between two devices is calculated

based on pre-defined accuracy reference. For example, the

edge accuracy has 0.9 between I4 and I5 in the virtual emotion
barrier. But, as shown in Fig. 2(a), there exists a weak hole

(with a very low edge accuracy 0.2) between I1 and I2. Such a

weak hole will cause serious problems including the reliability

deterioration of the emotion-based system. Hence, the weak

hole should be resolved and be considered carefully when

virtual emotion barrier is built.

Furthermore, Fig. 2(b) represents an example of the pro-

posed barrier type and the defined problem. In the area A,

two virtual emotion barriers have been found between source

S and destination T . One is composed of I1, I2, I3, I4, I5 and

another consists of I6, I7, I8, I9, I10. As seen in Fig. 2(b), the

upper virtual emotion barrier has the lowest detection edge

accuracy with 0.3 in the barrier. On the other hand, another

barrier has 0.6 as its lowest detection edge accuracy in the



barrier. Then, we can choose the barrier with 0.6 as seamless
hole-free virtual emotion barrier HoF-VEmoBar) from the

found set of barriers in A.

C. ILP Formulation

We represent MaxLoD problem using Integer Linear

Programming (ILP). Then, we define the notations which are

used in ILP formulation as follows.

n: the number of IoT devices in A.

I: a set of heterogeneous IoT devices, I = {I1, I2, ..., In}.

R: a list of signal range of IoT devices, R = {r1, r2, ..., rn}.

k: an index of IoT device and signal range (1 ≤ k ≤ n).
j: an index of IoT device and signal range (1 ≤ j ≤ n).
λk,j : accuracy value between Ik and Ij .

μ: the minimum accuracy value in the constructed barrier.

Also, we define integer variables as follows.

Wk,j =

{
1, if Ik and Ij are connected by signals

0, otherwise.

Xk,j =

⎧⎨
⎩

1, if Ik and Ij are selected as a part of

HoF-VEmoBar
0, otherwise.

Y =

{
1, if HoF-VEmoBar is created completely

0, otherwise.

An objective function is to maximize the lowest accuracy

in the constructing seamless hole-free virtual emotion barrier.

Then, the objective function is formulated as follows.

Maximize μ (1)

Subject to:
n∑

j=1

Wk,j ≤ 1, (∀k) (2)

n∑
j=1

Xk,j ≥ 1, (∀k) (3)

Xi,j ≤ Wk,j , (∀k, ∀j) (4)

λk,j ·Wk,j ·Xk,j · Y ≥ μ, (∀k, ∀j) (5)

By constraint (2), it is confirmed that two IoT devices Ik
and Ij has at most one edge. And, constraint (3) forces that the

edge between Ik and Ij is included in HoF-VEmoBar at most

once. Also, it is imposed that there exists an edge between Ik
and Ij in order to choose the edge as a part of HoF-VEmoBar
by constraint (4). By constraint (5), it is satisfied that μ is the

lowest accuracy value when HoF-VEmoBar is generated.

Fig. 3. An example of initial accuracy graph.

IV. PROPOSED APPROACH

To solve the MaxLoD problem, we propose Flexible-
Emotion-Edge-Selection approach which returns μ with a

construction of HoF-VEmoBar. Then, Flexible-Emotion-Edge-
Selection approach is performed by the below steps.

• Generate a virtual source S and a destination T which

are located at two opposite sides of A.

• Each IoT device verifies the neighbors. The neighbor rela-

tionship can be decided if euclidean distance Euc(Ik, Ij)
between two devices is at most a sum of their wireless

signal ranges rIk + rIj where Ik, Ij ∈ S, rk, rj ∈ R,

k �= j.

• Create an initial accuracy graph GI = (V (GI), E(GI))
where V (GI) is the set of vertices, E(GI)) is the set

of edges. The set of IoT devices I are added to V (GI)
as vertices and each neighbor relationship between two

devices Ik and Ij is put into E(GI) as an edge e(Ik, Ij),
respectively.

• Based on pre-defined accuracy reference according to

signal range, calculate a node accuracy value ck for each

IoT device Ik. Then, if the device Ik and Ij are neighbor

relationship, the minimum accuracy value of ck and cj is

assigned as the edge accuracy ck,j of the edge e(Ik, Ij).
• Also, create current status graph GI′ = (V (GI′), E(GI′))

that is transferred from GI .

• Then, we do perform the following iterations.

– From GI′ = (V (GI′), E(GI′)), choose δ number of

the highest accuracy edges eδ where tho selected

edges are connected with at least one of currently

selected devices and δ is given as a parameter.

– Add those eδ to the set of current barrier candidates

Bcd. Remove eδ from GI′.
– If a completed HoF-VEmoBar is found from Bcd

between S and T , then add edges and vertices of

the HoF-VEmoBar to BHoF . After searching for the

lowest accuracy edge value in BHoF and updating it

as μ, return μ.



Algorithm 1 Flexible-Emotion-Edge-Selection
Inputs: A,U, T, I, R, n, δ, Output: μ or false

1: set GI = (V (GI), E(GI)) = ∅;

2: set GI′ = (V (GI′), E(GI′)) = ∅;

3: set μ = ∅;

4: set eδ = ∅;

5: set Bcd = ∅;

6: set BHoF = ∅;

7: add U and T to GI ;

8: find neighbor relationships for every device and add those

to GI ;

9: estimate edge accuracy values for each neighbor relation-

ship and add them to GI ;

10: set GI′ ← GI ;

11: while GI′ �= ∅ do
12: select δ number of the highest accuracy the edges eδ

from GI′;
13: Bcd ← Bcd ∪ eδ;

14: GI′ ← GI′ − eδ;

15: if a completed HoF-VEmoBar is found from Bcd then
16: update HoF-VEmoBar as BHoF ;

17: find the lowest accuracy edge value in BHoF and

update it as μ;

18: return μ;

19: end if
20: if GC′ = ∅ and the completed HoF-VEmoBar is not

discovered then
21: return false;

22: end if
23: end while

– If a completed HoF-VEmoBar is not constructed

until GI′ is empty, then return false.

Fig. 3 shows an example of initial accuracy graph GI =

(V (GI), E(GI)). As seen in Fig. 3, there are 19 IoT devices

from I1 to I19 in the area A and then those devices are added to

(V (GI) as vertices. Source S and T can be added to (V (GI),
too. Also, based on pre-defined accuracy reference according

to signal range, each vertex k has own accuracy value ck.

Then, we need to decide the edge accuracy ck,j of the edge

e(Ik, Ij) where the device Ik and Ij are neighbor relationship.

For example, in Fig. 3, if c1 = 0.8 and c2 = 0.7, then its

minimum value min(c1, c2) = 0.7 is assigned to E(GI)) as

the edge accuracy value. Similarly, other edge accuracy values

for each neighbor relationship are assigned to E(GI)).

Besides, the pseudocode of Flexible-Emotion-Edge-
Selection approach is presented in Algorithm 1 in more detail.

As described in Algorithm 1, it returns μ as output if we can

find a completed HoF-VEmoBar from GI = (V (GI), E(GI)).
Otherwise, it returns false.

V. CONCLUDING REMARKS AND FUTURE WORKS

In this study, we introduced the seamless hole-free virtual
emotion barrier which is a barrier system for emotion detec-

tion in IoT environment. In the proposed system, the emotion

of any person moving from one area to another area can be

detected by at lease one IoT device equipped with wireless

signal. In particular, the proposed seamless hole-free virtual
emotion barrier considers to remove emotion detection hole
with a very low detection accuracy or reduce it in the barrier

toward exact emotion derivation. Also, we formally defined

the MaxLoD problem with ILP formulation and proposed

the Flexible-Emotion-Edge-Selection scheme. The proposed

algorithm includes a creation of initial accuracy graph and

returns the minimum accuracy value of the seamless hole-free
virtual emotion barrier to solve the MaxLoD problem.

As future works, we will first implement the proposed

scheme through extensive experiments and will evaluate its

performance according to practical and various scenarios.

Furthermore, because the proposed seamless hole-free virtual
emotion barrier is built within only square-shaped field, we

plan to define seamless hole-free virtual emotion barrier with

a new view and its possible variations toward various shapes

of areas such as circle, convex hull, triangle, etc. Also, it is

possible plan for us to expand the detected emotion types and

to apply seamless hole-free virtual emotion barrier to various

applications and systems which require different requirements

and objectives.
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