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The most important aspect of virtual reality (VR) is the degree by which a user can feel and experience virtual space as though it is
reality. Until recently, the experience of VR had to be satisfied with operations using a separate controller along with the visual and
auditory elements. However, for a far more realistic VR environment, users should be able to experience the delicacy of tactile
materials. This study proposes tactile technology, which is inexpensive and easy to use. To achieve this, we analyzed the unique
patterns of materials through image filtering and designed a computing model to deliver realistic vibrations to the user. In
addition, we developed and tested a haptic glove so that the texture of the material can be sensed in a VR environment.

1. Introduction

Owing to the development and wide distribution of computer
hardware technology and virtual reality (VR) head-mounted
display (HMD) devices, the VR content market is growing.
VR has a significant amount of applications in fields such as
advertising, shopping, travel, medical care, simulation, and
education, as well as games and media [1–3]. To expand the
VR market further, it is necessary to minimize the inconve-
niences of making the use of VR content to feel more realistic.
One of the essential aspects in this context is the degree of real-
ism in the touch of materials that the user can experience in a
VR environment. Until recently, most of the VR technology
was limited to audible and visual experiences. However, with
the development of various controllers, people can now inter-
act with the VR contents using the same gestures they use in
everyday life. In addition, equipment such as a VR glove can
be used to experience the sense of touch using vibrations while
interacting with the VR contents. However, there is a limit to
universal use due to the costliness of a VR glove and inconve-
nience in wearing them owing to the size of the gloves. As
shown in Table 1, many of the currently released VR gloves
in the market are expensive and inconvenient to wear
because of separate devices such as finger artificial tendons.
In contrast, the haptic glove proposed in this study, which

allows you to experience the sense of touch through the tex-
ture vibration of an object, is less expensive and light in
weight. Manus VR’s “Manus VR Glove” and Sensoryx’s
“VRfree” provide hand-tracking technology to make users feel
more immersed in the VR environment. However, as it does
not provide any other function except for a simple haptic
(on/off) switch, the effect of increasing immersion through
touch is almost insignificant. Plexus’s Plexus VR Glove tends
to be heavy because it uses a VR controller on the glove, not
a direct hand-tracking technique. Dexmo VR Glove from
Dexta Robotics provides contact resistance through hand-
tracking technology and artificial tendons; however, it is heavy
and expensive.

The following is a summary of our contributions. First, in
this study, we have designed a computing model that com-
bines the pattern of a material with haptic technology using
an image-filtering algorithm. Second, we have implemented
a haptic-sensing model with which users can feel a deeper
sense of immersion in a virtual reality experience. Third, we
have developed an inexpensive and convenient VR haptic
glove to sense the surface characteristics of the material dur-
ing a VR experience. In virtual figure model crafting (VFMC)
[4] using a leap motion controller, we have measured the
degree to which users felt the texture of clay through haptic
when they shaped the virtual figure model using clay.

Hindawi
Journal of Sensors
Volume 2020, Article ID 7296204, 8 pages
https://doi.org/10.1155/2020/7296204

https://orcid.org/0000-0001-8457-0876
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2020/7296204


2. Related Works

There are visual methods for users to feel a deeper sense of
immersion in a VR experience. However, natural manipula-
tion methods for tracking hand movements such as leap
motion do not seem to be actively utilized. Leap motion helps
users use gestures in various set-ups, such as computers or
virtual reality, through infrared sensors installed in the
mouse [5–7]. VR gloves have become one of the most impor-
tant devices in VR interactions, and various studies are under
way to develop the next best VR glove. In 2017, there was a
new product announcement almost every month [8]. VR
gloves are being developed to create the ability to control
and interact within the VR by capturing the movements
and gestures of the hands and fingers in real time while wear-
ing gloves on behalf of the controller. VR gloves will enable

users to experience more realistic virtual reality, such as
patients’ rehabilitation [9], virtual surgery and experimenta-
tion, implementation of work sites, and playing virtual reality
musical instruments [10].

In addition to glove-based manipulation and interaction,
it also provides virtual touch using vibration and heat. Choi
et al. conducted a study of VR gloves that simulated the touch
or capture of objects by zooming the resistance to the user
when coming in contact with artificial tendons on the back
of the hand [11]. Ma and Ben-Tzvi also provided a minimal
action force and touch force conducted in a study for produc-
ing a haptic glove [12].

In recent years, some studies have shown that VR gloves
are being produced that provide users with force feedback,
such as the Dexta Robotics VR Glove as shown in Table 1
[13]. Research has shown that users feel more immersed in

Table 1: Comparison of the proposal gloves and other gloves.

Company/product Photo Function Weight Price

Manus VR/Manus VR Glove Haptic/hand-tracking 68.5 g 1,990 €

Sensoryx/VRfree Hand tracking Undisclosed $5,000

Plexus/Plexus VR Glove Haptic/mounted device Undisclosed $249

Dexta Robotics/Dexmo VR Glove Force feedback/hand tracking 320 g $12,000

Proposed vibration gloves Texture haptic 120 g $30 (estimated)
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VR if they can experience touches in the forms of haptic
interaction or heat. However, research by Kim et al. have
shown that the important thing when experiencing VR with
a VR glove is not to become immediately immersed in
experiencing and feeling through the VR glove [14].

In addition, Perret and Vander Poorten mentioned in
their study [8] that different people’s hands are of different
sizes and shapes, and one hand of a person may not be the
same as or symmetrical to the other. Hence, the most sensi-
tive hand in the body should be lighter, smaller, and faster
for the user to adapt the VR glove.

A fair amount of research is being conducted on the
methods of analyzing materials. A study was conducted
to measure the physical nature of a material to determine
how it relates to the psychological feeling of contact, to
measure roughness using an illumination sensor, and to
quantify the material using friction and strength [15]. Ker-
zel et al. used optical force sensors to analyze the spectrum
of texture data and classify the material [16]. Research is
being conducted to make the analyzed materials experi-
ence the same force as the three dimensional (3D) surface
and texture that comes in contact in the VR. Benko et al.
used the 4 ∗ 4 matrix of the drive pin to render virtual
objects, including detailed surfaces [17]. Hoang et al. con-
ducted a study that increased immersion by providing the
touch captured by the computer through passive deformed
alloy gloves [18].

Additionally, recent progressive research studies regard-
ing 3D control sensors and glove-based interface technology
with effective results are mentioned in [4, 19, 20].

3. Design of Vibration for Haptic Glove

3.1. Material Texture Analysis. Virtual figure model crafting
(VFMC) is a VR application where users can experience clay
art in virtual reality through realistic and natural motion rec-
ognition using leap motion [21]. In VFMC, the user touches
the clay and transmits the vibration of the touch when press-
ing the User Interface (UI) during the experience. The types
of clay used in VFMC include candle clay, cork clay, foam
clay, and normal clay. In this study, we used cork clay and
foam clay, which have characteristics of the surface of the
material and have considerable changes.

In order to make the user feel the material of the clay
through vibrations, we first proceeded to analyze the patterns
of the clay material. The surface of the clay was first photo-
graphed for the same. To make any changes clearer in the
photograph, a height map was extracted and fast Fourier
transform (FFT) was conducted.

FFT is an algorithm that can convert images into fre-
quency components and analyze and process them at high
speeds, as shown in Algorithm 1. It is applied to various fields
such as for analyzing patterns and searching for images or
[22] for sentence plagiarism [23].

If FFT is conducted on an image, a two-dimensional fre-
quency space can be obtained. As the two-dimensional two-
wave space obtained at this time is a shift image that converts
the origin to the center, the image was divided into four equal
parts using the ImageQuatered function and only the images

in one of the quadrants were used. The images thus obtained
showed the characteristics of the frequency component. To
find the characteristics of the frequency component, the
FindPeakVertices function was used. We selected a peak
whose Qb is T or more using Q (images of three quadrants)
obtained from the ImageQuatered function defined above.
The repetition frequency can be computed by calculating
the distance between x coordinates and y coordinates from
the origin. If the position of the selected pixel is close to the
origin then that pixel corresponds to low frequency. Con-
versely, a pixel at a position far from the origin corresponds
to a higher frequency. In addition, the brightness of the
FFT image can be used to determine the selection of the pixel.
For instance, pixels with high brightness were assigned a rel-
atively large vibration strength.

Table 2 shows the surface of the foam clay and cork clay,
the picture for FFT extraction, and the results from FFT.

Figure 1 shows the original photograph of the cork clay
texture (Figure 1(a)) and the FFT result in four equal parts
(Figure 1(b)).

In the case of cork clay, white color was sprayed after
photographing, so that it does not affect the extraction of
the height map. In the image in Figure 1(b), only the pixels
with brightness values higher than 230 have a specific pat-
tern, excluding the minor peaks. The distances from the
upper right and the origin can be calculated using the x and
y coordinates of the image.

The image in Figure 1(b) shows only three pixels with a
brightness of 230 or more, along with their distance from
the origin and brightness values. Based on the FFT results,

Algorithm: Material Analysis Process
Input: P (Photo of Material Surface)
Output: V (Peak Vertices’s Information)
Begin
ImageQuartered ()
{

Notation: F (FFT Processing Image’s HeightMap)
Q (Quartered FFT Image)
For x n/2 to n

For y n/2 to n
Qx−n/2 y−n/2 = Fxy

FindPeakVertices (Q)
}
FindPeakVertices (QuarteredImage)
{

Notation: Qb (Quartered FFT Image’s Vertices Brightness)
T (Minimum value of the characteristic frequency)
T < τ
For x 0 to n/2

For y 0 to n/2
If(Qb > T)

Save Vertices’s Information,
And using in Computing Model

}
End

Algorithm 1: Material texture analysis.
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we further conducted material vibration modeling to express
the material in the form of vibrations, as shown in Table 3. In
this study, five vibration motors were used to realize the dif-
ferent vibrations on the five fingers. The rated voltage of each
vibration motor was 1.5V. The diameter of the vibration
motor was 8mm, and its thickness was 2.7mm; hence, it
was quite small and easy to use. The strength of the vibration
motors can be expressed in revolutions per minute (RPM).
RPM can be controlled by pulse width modulation (PWM).
For convenience, we denote PWM in Hertz (Hz). We also
converted Hz to RPM for better understanding, as shown
in Table 3.

3.2. Vibration Glove. In the previous stage, we mapped rough
materials with vibrations using their experience in VFMC
and constructed a haptic glove so that users can feel these
vibrations. The operation process of the haptic glove is
shown in Figure 2. When a user touches an object during
an experience in the VFMC, it firstly checks whether that
object is a clay. If it is clay, then the type of clay is identified

and a signal is sent. The signal for cork clay is A, and for foam
clay the signal is B. These signals are transmitted through the
port connected with Arduino.

If it is a normal clay or a button, it transmits a C signal. If
the users remove their hands off the object they touched, it
sends a D signal. The haptic glove connected to the computer
through serial communication receives the signal and con-
firms what type of signal is being sent. In the case of A or B
signals, vibration occurs at the interval and intensity of the
signals stored in the array; in the case of C signals, a simple
vibration is provided to the user through one vibration. In
addition, when the D signal is stopped, the vibration is gener-
ated according to the behavior within the VFMC by stopping
the vibration.

The haptic glove was based on the Arduino Uno board,
and five vibration motors were used to transmit vibrations
to all five fingers that were touching the clay in the VFMC.
In addition, the HC-06 Bluetooth module was used to com-
municate with the computer for wire-free use, by not having
to connect with the computer. The circuit diagram used in

Table 2: FFT for material analysis.

Texture Surface Height map FFT result Peak image

Foam

Cork

(a)

(15,14)
Brightness: 238

(10,10)
Brightness: 249

(2,0)
Brightness: 251

(b)

Figure 1: Cork texture analysis ((a) original shot; (b) analysis image).
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the haptic glove is shown in Figure 3(a). To increase durabil-
ity, the white glove (as seen in Figure 3(b)) was placed inside
the gray glove (Figure 3(c)).

In addition to the Arduino Uno board and Bluetooth
modules, 9V batteries and five vibration motors were used.
The 9V battery has a capacity of 550mAh. The consumption
of each vibrator is 70mA. Assuming that the consumption
rate is 0.7 and we continue to use five vibration motors, we
can expect 1.1 hours. In practice, however, it is expected that
the vibrating motor will be more usable than this because it
will not continue to operate.

The price of the parts used is about $30, which is cheaper
than the price of any VR glove currently sold in the market.
Furthermore, the gloves produced in this study can be
widely distributed to users. In contrast to other VR gloves,
not many types of parts are used in our design, and since
the method of conveying the touch is not resistance based
but a method of analyzing the texture and mapping by vibra-
tions, it is inexpensive and lightweight at only 120 g as it
does not have a separate device attached at the wrist, as
shown in Figure 4.

4. Experimental Results

4.1. Haptic Vibration Analysis. The period of vibration was
provided differently based on the pixel distance from the ori-
gin. The strength of vibration was set differently based on the
brightness of the FFT image. In order to express the strength
of vibration on the five fingers, sections were defined and
mapped, as shown in the aforementioned Table 3. In addi-

tion, vibrations of the thumb, index, middle, ring, and little
finger were applied in the order of strength of vibration. If
the strength of vibration was less than 5Hz, the above order
was applied, and the remaining empty vibration motor was
applied with the same strength as the last vibration. The
intensity of vibration felt by the user when the clay is touched
in the VR is denoted by the curve, as shown in Figure 5, pro-
duced by applying the computing model to the information
of the two materials being analyzed.

The graph in Figure 5(a) depicts the vibration curve of
foam clay, which shows a considerable difference in intensity
and change in vibration among the five fingers when vibra-
tion strengths of the ring and little fingers are set to the same
strength as the difference between them is minor. The graph
in Figure 5(b) depicts the vibration curve for cork clay, which
shows a significant difference in intensity and change in
vibration among all five fingers. In addition, Figure 6 shows
that the surface of the clay used in the material analysis for
foam clay is constant compared to the cork clay and the
height change is not significant.

4.2. User Study. User evaluation was conducted to see how
the haptic glove constructed through the proposed research
affects the sense of immersion of the users in VR content
experience, as shown in Figure 7.

The user evaluation was conducted with 20 people aged
between 23 and 27 who were interested in VR and game
production. The questionnaire consisted of five questions
addressing the comfort and portability of the gloves, and
thoughts about receiving haptic feedback while playing.

The steps followed for the user evaluation were as follows:
First, the operation method was demonstrated to participants
before the questionnaire was provided. Second, the partici-
pants clicked the button on the HUD UI next to their left
hands after wearing the VR glove and they proceeded to cre-
ate the foam clay and the cork clay. Third, they touched the
clay to feel the texture haptic and finally they answered the
questionnaire.

Table 4 shows the questionnaire that participants had
to answer after experiencing VFMC. The questions are
explained as follows: Question 1 and 2 asked whether the
experience of the VR environment is more realistic with the
haptic glove than without, and if the gloves are convenient
to use during a VR experience. Question 3 addressed the dif-
ference in the textures of the clays as felt by the users.

In questions 4 and 5, we asked the participants about the
difference in vibration intensities on their fingers and the
realism in the haptic feedback during the VR experience.
The results of the questionnaire showed a high score of 4 or
more as shown in Figure 8. Question 1 was critically evalu-
ated to determine whether the VR experience was more real-
istic with the use of the gloves.

5. Conclusion

In this study, we constructed and implemented VR haptic
gloves through material analysis using a filtering algorithm
to provide a realistic sense of touch to users in VR environ-
ments. Vibration mapping through material analysis is

Table 3: Vibration computing model based on pixel values.

(a)

Strength of vibration according to pixel brightness value

Brightness
Vibration’s strength

PWM (Hz) RPM

0~230 0 0

231~235 130 5,720

236~240 160 7,040

241~245 190 8,360

246~250 220 9,680

251~255 250 11,000

(b)

Spacing of vibration according to the distance of the pixel
from the origin

Distance from the origin
of the pixel (px)

The interval between
vibrations (sec)

0~5 2.5

5~10 2

10~15 1.5

15~20 1

20~25 0.5
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possible by implementing characteristics of different mate-
rials. However, there might be limitations such as fine differ-
ences that could not be detected or distinguished by some

users because their fingers seemed to be sensitive to each
other. In addition, there is scope of improvement in the glove
construction; for instance, instead of using the Arduino Uno
board, we can make use of smaller devices such as Arduino
Pro Mini and smaller batteries such as coin batteries instead
of 9V batteries, making it even more lightweight and conve-
nient to wear. Furthermore, we plan to vary the glove size in a
future study. We observed through the user evaluation that
the differences in hand size and the sensitivity of vibration
to each finger are different for each person.

Our future research will be focused on providing users
with touch experiences such as heat and force in addition
to the material haptic. For that purpose, we plan to use only
gloves instead of the leap motion used in this study to create
economical, lightweight, and wearable gloves that can inter-
act with users’ hands as well as the VR environments.

Haptic glove

Connect
computer

Success?
Signal B?

Signal C?

Foam
vibration

Simple
vibrationCork

vibration

VFMC

Touch
object Signal D

Is it clay? Is it cork?

Is it foam?
Is it

a button?

Signal A

Signal B

Signal C
Is it

normal?

Receive signal

Signal A?

Y
Y

Y

Y

Y

Y

NN

N

N

N

N

NN

Y

Y

Y

Y Y

Y

Figure 2: Vibration glove in the VFMC process.

Vibration motor 5EA Bluetooth module HC-06

Arduino uno board

9 
V

(a) (b) (c)

Figure 3: Vibration glove’s diagram (a) and the vibration motor’s position in contact with fingers (b and c).

Figure 4: VFMC with vibration glove.
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Figure 5: Vibration strength over time in clay touch ((a) foam clay; (b) cork clay).
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Figure 6: Surface of clay ((a) foam clay; (b) cork clay).
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Foam

Normal

Figure 7: Scene for selecting materials for clay in VFMC.

Table 4: Questions to user study.

VR haptic glove’s realistic effects

Q1 Is it more realistic than without gloves?

Q2 Are gloves convenient for use?

Q3 Can you feel the difference between cork clay and foam clay?

Q4
Can you feel the difference in vibration intensity on the five

fingers?

Q5 Does the vibration feel immediately after touching clay?

Q1

5

4.5

4

3.5

3

2.5

2
Q2 Q3 Q4 Q5

Figure 8: Results of the user study.

7Journal of Sensors



Data Availability

The data used to support the findings of this study have not
been approved because of fund agency policy.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Acknowledgments

This research was supported by the National Research
Foundation (NRF) (No. 2018R1D1A1B07042566 and No.
2015R1D1A1A01057725).

References

[1] H. W. Chun, M. K. Han, and J. H. Jang, “Application trends in
virtual reality,” Electronics and Telecommunications Trends,
vol. 32, no. 1, pp. 93–101, 2017.

[2] J. Martín-Gutiérrez, C. E. Mora, B. Añorbe-Díaz, and
A. González-Marrero, “Virtual technologies trend in educa-
tion,” EURASIA Journal of Mathmatics Science and Technol-
ogy Education, vol. 13, no. 2, pp. 469–486, 2017.

[3] L. Jensen and F. Konradsen, “A review of the use of virtual
reality head-mounted displays in education and training,”
Education and Information Technologies, vol. 23, no. 4,
pp. 1515–1529, 2018.

[4] T. Chen, M. Zhao, Q. Shi et al., “Novel augmented reality inter-
face using a self-powered triboelectric based virtual reality 3D-
control sensor,” Nano Energy, vol. 51, no. 51, pp. 162–172,
2018.

[5] J. H. Nam, S. H. Yang, W. Hu, and B. G. Kim, “A new study on
hand gesture recognition algorithm using leap motion sys-
tem,” Journal of Korea Multimedia Society, vol. 17, no. 11,
pp. 1263–1269, 2014.

[6] B. C. Koo, J. Kim, and J. Cho, “Gesture based interface for
learning environment by using leap motion,” HCI, vol. 2015,
pp. 209–214, 2014.

[7] S. Scheggi, L. Meli, C. Pacchierotti, and D. Prattichizzo,
“Touch the virtual reality: using the leap motion controller
for hand tracking and wearable tactile devices for immersive
haptic rendering,” in ACM SIGGRAPH 2015 Posters on - SIG-
GRAPH '15, p. 31, New York, NU, USA, 2015.

[8] J. Perret and E. Vander Poorten, “Touching virtual reality: a
review of haptic gloves,” in ACTUATOR 2018; 16th Interna-
tional Conference on New Actuators, pp. 1–5, Bremen, Ger-
many, 2018.

[9] L. Connelly, Y. Jia, M. L. Toro, M. E. Stoykov, R. V. Kenyon,
and D. G. Kamper, “A pneumatic glove and immersive virtual
reality environment for hand rehabilitative training after
stroke,” IEEE Transactions on Neural Systems and Rehabilita-
tion Engineering, vol. 18, no. 5, pp. 551–559, 2010.

[10] S. Jadhav, V. Kannanda, B. Kang, M. Tolley, and J. P. Schulze,
“Soft robotic glove for kinesthetic haptic feedback in virtual
reality environments,” Electronic Imaging, vol. 2017, no. 3,
pp. 19–24, 2017.

[11] I. Choi, E. W. Hawkes, D. L. Christensen, C. J. Ploch, and
S. Follmer, “Wolverine: a wearable haptic interface for grasp-
ing in virtual reality,” in 2016 IEEE/RSJ International Confer-
ence on Intelligent Robots and Systems (IROS), pp. 986–993,
Daejeon, South Korea, 2016.

[12] Z. Ma and P. Ben-Tzvi, “Design and optimization of a five-
finger Haptic glove mechanism,” Journal of Mechanisms and
Robotics, vol. 7, no. 4, 2015.

[13] https://www.dextarobotics.net.

[14] M. Kim, C. Jeon, and J. Kim, “A study on immersion and pres-
ence of a portable hand haptic system for immersive virtual
reality,” Sensors, vol. 17, no. 5, p. 1141, 2017.

[15] A. A. G. Dharma, Y. Matsumura, and K. Tomimatsu, “Seman-
tic differential analysis on physical materials for haptic
design,” in Korean Society of Design Science Conference Pro-
ceeding, pp. 282–285, Seoul, Korea, 2010.

[16] M. Kerzel, M. Ali, H. G. Ng, and S. Wermter, “Haptic material
classification with a multi-channel neural network,” in 2017
International Joint Conference on Neural Networks (IJCNN),
pp. 439–446, Anchorage, AK, USA, 2017.

[17] H. Benko, C. Holz, M. Sinclair, and E. Ofek, “Normaltouch
and Texturetouch: high-fidelity 3D haptic shape rendering
on handheld virtual reality controllers,” in Proceedings of the
29th Annual Symposium on User Interface Software and Tech-
nology - UIST '16, pp. 717-718, Tokyo, Japan, 2016.

[18] T. N. Hoang, R. T. Smith, and B. H. Thomas, “3D interactions
with a passive deformable haptic glove,” in 2013 IEEE Interna-
tional Symposium on Mixed and Augmented Reality (ISMAR),
pp. 1–6, Adelaide, SA, Australia, 2013.

[19] T. He, Z. Sun, Q. Shi et al., “Self-powered glove-based intuitive
interface for diversified control applications in real/cyber
space,” Nano Energy, vol. 58, no. 58, pp. 641–651, 2019.

[20] Q. Shi and C. Lee, “Self-powered bio-inspired spider-net-
coding interface using single-electrode triboelectric nanogen-
erator,” Advanced Science, vol. 6, no. 15, article 1900617, 2019.

[21] G. Park, H. Choi, U. Lee, and S. Chin, “Virtual figure model
crafting with VR HMD and leap motion,” The Imaging Science
Journal, vol. 65, no. 6, pp. 358–370, 2017.

[22] K. H. Jang, K. T. Park, and Y. S. Moon, “Image retrieval using
Fourier transform of local texture pattern,” in Proceedings of
the IEEK Conference, pp. 387-388, Seoul, Korea, 2007.

[23] J. S. Lee and S. C. Park, “A study on text pattern analysis apply-
ing discrete Fourier transform—focusing on sentence plagia-
rism detection,” Journal of the Korea Industrial Information
Systems Research, vol. 22, no. 2, pp. 43–52, 2017.

8 Journal of Sensors

https://www.dextarobotics.net


International Journal of

Aerospace
Engineering
Hindawi
www.hindawi.com Volume 2018

Robotics
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Active and Passive  
Electronic Components

VLSI Design

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Shock and Vibration

Hindawi
www.hindawi.com Volume 2018

Civil Engineering
Advances in

Acoustics and Vibration
Advances in

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Electrical and Computer 
Engineering

Journal of

Advances in
OptoElectronics

Hindawi
www.hindawi.com

Volume 2018

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Control Science
and Engineering

Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com

 Journal ofEngineering
Volume 2018

Sensors
Journal of

Hindawi
www.hindawi.com Volume 2018

International Journal of

Rotating
Machinery

Hindawi
www.hindawi.com Volume 2018

Modelling &
Simulation
in Engineering
Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Chemical Engineering
International Journal of  Antennas and

Propagation

International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Navigation and 
 Observation

International Journal of

Hindawi

www.hindawi.com Volume 2018

 Advances in 

Multimedia

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/ijae/
https://www.hindawi.com/journals/jr/
https://www.hindawi.com/journals/apec/
https://www.hindawi.com/journals/vlsi/
https://www.hindawi.com/journals/sv/
https://www.hindawi.com/journals/ace/
https://www.hindawi.com/journals/aav/
https://www.hindawi.com/journals/jece/
https://www.hindawi.com/journals/aoe/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jcse/
https://www.hindawi.com/journals/je/
https://www.hindawi.com/journals/js/
https://www.hindawi.com/journals/ijrm/
https://www.hindawi.com/journals/mse/
https://www.hindawi.com/journals/ijce/
https://www.hindawi.com/journals/ijap/
https://www.hindawi.com/journals/ijno/
https://www.hindawi.com/journals/am/
https://www.hindawi.com/
https://www.hindawi.com/

