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y =z frequency (RF) switch denoted as a magnetostatic responsive structure (MRS) is presented. Notably, the MRS does not need any
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measurements, successfully validating this new technology. The MRS switch has potential applications in advanced wireless services
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Abstract Alzheimer’s disease (AD) is an incurable pathology associated with progressive decline in memory and cognition. Phototherapy might be a new
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Abstract In this paper, we evaluate end-to-end outage probability of a multi-hop decode-and-forward relaying protocol in underiay cognitive radio network. in

the proposed protocol, named COOP, secondary nodes including source and relays have to harvest radio-frequency energy frd¢aaRtiflacsaRheR9KIBRkr
Back to TopTop


https://www.mdpi.com/2079-9292/9/6/1055/pdf
https://www.mdpi.com/2079-9292/9/6/1054/pdf
https://sciprofiles.com/profile/author/V0EvUGdublhJSUVGTkw4MmV2YUYxZS90anppWjBVZ3Z0a3YwL2Q2RmFKbz0=
https://sciprofiles.com/profile/419746
https://doi.org/10.3390/electronics9061056
https://www.mdpi.com/journal/electronics/special_issues/ALTfB_electronics
https://www.mdpi.com/electronics/electronics-09-01056/article_deploy/html/images/electronics-09-01056-g001-550.jpg
https://www.mdpi.com/electronics/electronics-09-01056/article_deploy/html/images/electronics-09-01056-g002-550.jpg
https://www.mdpi.com/electronics/electronics-09-01056/article_deploy/html/images/electronics-09-01056-g003-550.jpg
https://www.mdpi.com/electronics/electronics-09-01056/article_deploy/html/images/electronics-09-01056-g004-550.jpg
https://www.mdpi.com/2079-9292/9/6/1055
https://sciprofiles.com/profile/1100734
https://sciprofiles.com/profile/242202
https://sciprofiles.com/profile/1100736
https://sciprofiles.com/profile/205448
https://sciprofiles.com/profile/1222996
https://sciprofiles.com/profile/786163
https://sciprofiles.com/profile/304095
https://sciprofiles.com/profile/author/MXlvbFlCMW5Yb3JFVnd2VUdiWUJydnhGaHNvOGxRcDZ5Q3Y3SmxEdkFSdz0=
https://sciprofiles.com/profile/1179403
https://doi.org/10.3390/electronics9061055
https://www.mdpi.com/2079-9292/9/6/1055#citedby
https://www.mdpi.com/journal/electronics/special_issues/ANNA
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g001-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g002-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g003-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g004-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g005-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g006-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g007-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g008-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g009-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g010-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g011-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g012-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g013-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g014-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g015-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g016-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g017-550.jpg
https://www.mdpi.com/electronics/electronics-09-01055/article_deploy/html/images/electronics-09-01055-g018-550.jpg
https://www.mdpi.com/2079-9292/9/6/1054
https://sciprofiles.com/profile/author/OVlIWHNjK3RtektKNllSTldQQ1hSRnJOcHZYeEVmK1plVkZoY0VZeFVVYz0=
https://sciprofiles.com/profile/441060
https://sciprofiles.com/profile/826978
https://sciprofiles.com/profile/246111
https://sciprofiles.com/profile/author/alEzK1NKTGpubVRmT0YwV3FybUUzdHhrdmFDeHVKOURnczFGTXREM01zdz0=
https://doi.org/10.3390/electronics9061054
https://www.mdpi.com/
https://www.mdpi.com/about/privacy
https://www.mdpi.com/accept_cookies
Windows8
Highlight

Windows8
Highlight


@%E:ﬁ-gm.qu) (lelectronics/electronics-09-00907/article_deploy/html/images/electronics-09-00907-g010-550.jpg)_(/electronics/electronics-09-
00907/article_deploy/html/images/electronics-09-00907-g011-550.jpg)

Q=

Open Access Article — (/2079-9292/9/6/906/pdf)

Fast Hole Filling for View Synthesis in Free Viewpoint Video (/2079-9292/9/6/906)

by " Hui-Yu Huang (https://sciprofiles.com/profile/1061432) and

(" Shao-Yu Huang (https://sciprofiles.com/profile/author/cjlhT09VdIZDZzF JZE5VcU9YNUxDUnlYTCtPRXJ5NGkvM050d0FBbldkND0=)

Electronics 2020, 9(6), 906; https://doi.org/10.3390/electronics9060906 (https://doi.org/10.3390/electronics9060906) - 29 May 2020

Cited by 1 (/2079-9292/9/6/906#citedby) | Viewed by 783

Abstract The recent emergence of three-dimensional (3D) movies and 3D television (TV) indicates an increasing interest in 3D content. Stereoscopic displays
hgve enabled visual experiences to be enhanced, allowing the world to be viewed in 3D. Virtual view synthesis is the key technology to [...] Read more.

(This article belongs to the Special Issue Multimedia Systems and Signal Processing_(/journal/electronics/special_issues/multimedia_systems ))

» Show Figures
(lelectronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g001-550.jpg)_(/electronics/electronics-09-

00906-9g003-550.jpg)_(/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g004-550.jpg)_(/electronics/electronics-09-

00906/article_deploy/html/images/electronics-09-00906-g005-550.jpg)_(/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-

00906-9006-550.jpg)._(/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g007-550.jpg)_(/electronics/electronics-09-
00906/article_deploy/html/images/electronics-09-00906-g008-550.jpg)_(/electronics/electronics-09-00906/article_deploy/html/images/electronicsg09-

00906-g009a-550.jpg)_(/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g009b-550.jpg)_(/electronics/electronics-09-

00906-g011-550.jpg)_(/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g012-550.jpg)_(/electronics/electronics-09-

00906/article_deploy/html/images/electronics-09-00906-g013-550.jpg)_(/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-

00906-9g014-550.jpg)_(/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g015-550.jpg)_(/electronics/electronics-09-

00906/article_deploy/html/images/electronics-09-00906-g016-550.jpg)_(/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-

00906-9g017-550.jpg)_(/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g018-550.jpg)_(/electronics/electronics-09-

00906-9020-550.jpg)

¥
Open Access Feature Paper Article — (/2079-9292/9/6/905/pdf)

by (" Joga Dharma Setiawan (https://sciprofiles.com/profile/570745), { " Mochammad Ariyanto (https://sciprofiles.com/profile/855623),

" M. Munadi (https://sciprofiles.com/profile/author/bGx3ZVpORW13R1FWSIRNnTDVTWIdQZDBLYnIPWVJuSW12QW8xaG9kOEIVNDO0=),

" Muhammad Mutoha (https://sciprofiles.com/profile/author/SWImSEIOckY0SIY2ZFM5b0ZGbENobGhNWEXTOGR0c2ZhU1hDckpQNnNWRTO0=),
" Adam Glowacz (https://sciprofiles.com/profile/216101) and " Wahyu Caesarendra (https://sciprofiles.com/profile/834106)

Electronics 2020, 9(6), 905; https://doi.org/10.3390/electronics9060905 (https://doi.org/10.3390/electronics9060905) - 29 May 2020

Cited by 6 (/2079-9292/9/6/905#citedby) | Viewed by 1005

Abstract This study proposes a data-driven control method of extra robotic fingers to assist a user in bimanual object manipulation that requires two hands.
The robotic system comprises two main parts, i.e., robotic thumb (RT) and robotic fingers (RF). The RT is attached next [...] Read more.

(This article belongs to the Section Artificial Intelligence (/journal/electronics/sections/Artificial_Intell))

» Show Figures
(lelectronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g001-550.jpg)_(/electronics/electronics-09-

00905/article_deploy/html/images/electronics-09-00905-g002-550.jpg)_(/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-

00905-9g003-550.jpg)_(/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g004-550.jpg)_(/electronics/electronics-09-

00905-9g006-550.jpg)_(/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g007-550.jpg)_(/electronics/electronics-09-

00905/article_deploy/html/images/electronics-09-00905-g008-550.jpg)_(/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-
eGisaniesiel et QRics iglexdeRlgwbtml/images/electronics-09-00905-g010-550.jpg)_(/electronics/electronics-09-
oRseslanasR abepluitaankiag dwdARaUERINYGaEYd05-9011-550.jpg)_(/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-

00905-g012-550.jpg).
Accept (/accept_cookies)
Back to TopTop

= i —


https://www.mdpi.com/2079-9292/9/6/906/pdf
https://www.mdpi.com/2079-9292/9/6/905/pdf
https://www.mdpi.com/electronics/electronics-09-00907/article_deploy/html/images/electronics-09-00907-g009-550.jpg
https://www.mdpi.com/electronics/electronics-09-00907/article_deploy/html/images/electronics-09-00907-g010-550.jpg
https://www.mdpi.com/electronics/electronics-09-00907/article_deploy/html/images/electronics-09-00907-g011-550.jpg
https://www.mdpi.com/2079-9292/9/6/906
https://sciprofiles.com/profile/1061432
https://sciprofiles.com/profile/author/cjlhT09VdlZDZzFJZE5VcU9YNUxDUnlYTCtPRXJ5NGkvM05Od0FBbldkND0=
https://doi.org/10.3390/electronics9060906
https://www.mdpi.com/2079-9292/9/6/906#citedby
https://www.mdpi.com/journal/electronics/special_issues/multimedia_systems
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g001-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g002-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g003-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g004-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g005-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g006-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g007-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g008-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g009a-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g009b-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g010-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g011-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g012-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g013-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g014-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g015-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g016-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g017-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g018-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g019-550.jpg
https://www.mdpi.com/electronics/electronics-09-00906/article_deploy/html/images/electronics-09-00906-g020-550.jpg
https://www.mdpi.com/2079-9292/9/6/905
https://sciprofiles.com/profile/570745
https://sciprofiles.com/profile/855623
https://sciprofiles.com/profile/author/bGx3ZVpORW13R1FWSlRnTDVTWldQZDBLYnlPWVJuSW12QW8xaG9kOElvND0=
https://sciprofiles.com/profile/author/SWlmSElOckY0SlY2ZFM5b0ZGbENobGhNWExTOGR0c2ZhU1hDckpQNnNWRT0=
https://sciprofiles.com/profile/216101
https://sciprofiles.com/profile/834106
https://doi.org/10.3390/electronics9060905
https://www.mdpi.com/2079-9292/9/6/905#citedby
https://www.mdpi.com/journal/electronics/sections/Artificial_Intell
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g001-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g002-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g003-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g004-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g005-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g006-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g007-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g008-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g009-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g010-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g011-550.jpg
https://www.mdpi.com/electronics/electronics-09-00905/article_deploy/html/images/electronics-09-00905-g012-550.jpg
https://www.mdpi.com/
https://www.mdpi.com/about/privacy
https://www.mdpi.com/accept_cookies
Windows8
Highlight

Windows8
Highlight


i\;lg electronics m\py

Article
Grasp Posture Control of Wearable Extra Robotic
Fingers with Flex Sensors Based on Neural Network

Joga Dharma Setiawan 1.2 Mochammad Ariyanto 1.2(5, M. Munadi !, Muhammad Mutoha !,
Adam Glowacz **(0 and Wahyu Caesarendra 1:4-*

1 Department of Mechanical Engineering, Faculty of Engineering, Diponegoro University, Semarang 50275,

Indonesia; joga.setiawan@ft.undip.ac.id (J.D.S.); mochammad_ariyanto@ft.undip.ac.id (M.A.);
munadi@ft.undip.ac.id (M.M.); mutoha8@gmail.com (M.M.)

Center for Biomechanics, Biomaterials, Biomechantronics and Biosignal processing (CBIOM3S),
Diponegoro University, Semarang 50275, Indonesia

3 AGH University of Science and Technology, aleja Adama Mickiewicza 30, 30-059 Krakéw, Poland
Faculty of Integrated Technologies, Universiti Brunei Darussalam, Jalan Tungku Link,

Gadong BE1410, Brunei

*  Correspondence: adglow@agh.edu.pl (A.G.); wahyu.caesarendra@ubd.edu.bn (W.C.)

check for
Received: 10 May 2020; Accepted: 27 May 2020; Published: 29 May 2020 updates

Abstract: This study proposes a data-driven control method of extra robotic fingers to assist a
user in bimanual object manipulation that requires two hands. The robotic system comprises two
main parts, i.e., robotic thumb (RT) and robotic fingers (RF). The RT is attached next to the user’s
thumb, while the RF is located next to the user’s little finger. The grasp postures of the RT and RF are
driven by bending angle inputs of flex sensors, attached to the thumb and other fingers of the user.
A modified glove sensor is developed by attaching three flex sensors to the thumb, index, and middle
fingers of a wearer. Various hand gestures are then mapped using a neural network. The input data
of the robotic system are the bending angles of thumb and index, read by flex sensors, and the outputs
are commanded servo angles for the RF and RT. The third flex sensor is attached to the middle
finger to hold the extra robotic finger’s posture. Two force-sensitive resistors (FSRs) are attached
to the RF and RT for the haptic feedback when the robot is worn to take and grasp a fragile object,
such as an egg. The trained neural network is embedded into the wearable extra robotic fingers
to control the robotic motion and assist the human fingers in bimanual object manipulation tasks.
The developed extra fingers are tested for their capacity to assist the human fingers and perform
10 different bimanual tasks, such as holding a large object, lifting and operate an eight-inch tablet,
and lifting a bottle, and opening a bottle cap at the same time.

Keywords: data-driven control method; extra robotic fingers; flex sensor; force-sensitive resistor;
neural network; bimanual manipulation

1. Introduction

The use of robotic arms is typically common in manufacturing and service operations [1,2].
The current research is more focused on robots that can be worn due to the growing demand for them.
The most widely known of these types of robots are prosthesis and exoskeleton robots. A prosthesis
is used to replace the lost limbs of humans due to accidents or birth defects. Many researchers
around the world have developed myoelectric prosthetic hands to replace and add upper limbs, [3-11],
and ankle/foot prosthesis for the lower limb [12-14]. Several researchers have attempted to make
the cost of the prosthetic hand more affordable, by utilizing 3D printer technologies [3-5] and tendon
mechanisms [6]. The researchers in Italy strive to replicate the human hand as closely as possible,
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Abstract: Alzheimer’s disease (AD) is an incurable pathology associated with progressive decline
in memory and cognition. Phototherapy might be a new promising and alternative strategy for the
effective treatment of AD, and has been actively discussed over two decades. However, the mechanisms
of therapeutic photostimulation (PS) effects on subjects with AD remain poorly understood. The goal
of this study was to determine the mechanisms of therapeutic PS effects in beta-amyloid (Af3)-injected
mice. The neurological severity score and the new object recognition tests demonstrate that PS 9 J/em?
attenuates the memory and neurological deficit in mice with AD. The immunohistochemical assay
revealed a decrease in the level of A in the brain and an increase of A3 in the deep cervical lymph
nodes obtained from mice with AD after PS. Using the in vitro model of the blood-brain barrier (BBB),
we show a PS-mediated decrease in transendothelial resistance and in the expression of tight junction
proteins as well an increase in the BBB permeability to Af3. These findings suggest that a PS-mediated
BBB opening and the activation of the lymphatic clearance of Af3 from the brain might be a crucial
mechanism underlying therapeutic effects of PS in mice with AD. These pioneering data open new
strategies in the development of non-pharmacological methods for therapy of AD and contribute to a
better understanding of the PS effects on the central nervous system.

Keywords: Alzheimer’s disease; transcranialphotostimulation; lymphatic system; blood-brain barrier
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Abstract: In the last few years, indoor localization has attracted researchers and commercial developers.
Indeed, the availability of systems, techniques and algorithms for localization allows the improvement
of existing communication applications and services by adding position information. Some examples
can be found in the managing of people and/or robots for internal logistics in very large warehouses
(e.g., Amazon warehouses, etc.). In this paper, we study and develop a system allowing the accurate
indoor localization of people visiting a museum or any other cultural institution. We assume visitors
are equipped with a Bluetooth Low Energy (BLE) device (commonly found in modern smartphones
or in a small chipset), periodically transmitting packets, which are received by geolocalized BLE
receivers inside the museum area. Collected packets are provided to the locator server to estimate the
positions of the visitors inside the museum. The position estimation is based on a feed-forward neural
network trained by a measurement campaign in the considered environment and on a non-linear
least square algorithm. We also provide a strategy for deploying the BLE receivers in a given area.
The performance results obtained from measurements show an achievable position estimate accuracy
below 1 m.

Keywords: bluetooth low energy; indoor localization system; received signal strength indicator;
neural network

1. Introduction

Accurate estimation and tracking of the positions of people, objects or animals enables the
provisioning of several advanced services such as the automatic execution of task(s) triggered by
events consisting for example of a person passing a specific position in the area, commercial or
recreational applications requiring location information inside a specific area, etc. [1]. In the last
few years, the possibility of realizing advanced communication applications and services supported
by position information have favored and encouraged the development of systems for the indoor
localization of people and objects. In parallel, the evolution of these systems has been constantly
supported by the technological advancements of internet of things (IoT) [2] technologies specifically
conceived for low-cost short-range radio transmission such as Bluetooth [3] and its variants and radio
frequency identification (RFID) technologies [4].

The design of localization systems based on short range radio technologies is not a trivial task.
In fact, radio signal propagation inside buildings is influenced by several factors, such as construction
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Abstract: In this paper, we evaluate end-to-end outage probability of a multi-hop decode-and-forward
relaying protocol in underlay cognitive radio network. In the proposed protocol, named COQOP,
secondary nodes including source and relays have to harvest radio-frequency energy from multiple
secondary power beacons, and adjust their transmit power, follows a pre-determined interference
threshold given by multiple primary users. To enhance the outage performance for the secondary
network under an joint constraint of the interference threshold, Rayleigh fading channel and hardware
noises caused by imperfect transceiver hardware, the secondary relays on the source-destination
path cooperate to forward the source data to the destination. Particularly, they attempt to receive
the source data from their previous nodes, and forward it to the secondary destination if requested.
Moreover, whenever the destination cannot receive the source data successfully, a successful relay
that has the shortest distance to the destination is selected for retransmission. Due to usage of the
cooperative transmission, the proposed COOP protocol obtains better performance, as compared with
the corresponding multi-hop relaying one (denoted DIRECT) which only uses direct transmission
at each hop. We evaluate the outage performance of COOP and DIRECT via both simulation and
theory. The obtained results present a significant performance enhancement, as comparing COOP
with DIRECT.

Keywords: radio-frequency energy harvesting; cooperative multi-hop transmission; underlay cognitive
radio; outage probability

1. Introduction

Radio frequency energy harvesting (RF-EH) [1-5] is a new and promising technique for wireless
communication applications in future when the number of wireless devices exponentially increases.
In addition, RE-EH also allows a transmitter to simultaneously send energy and information to its
intended receivers via wireless signals. As proposed in Reference [6], a relay node can receive both data
and energy from a source by allocating a fraction of the received signal power for EH, and remaining
one for data transmission. This method is named as power-splitting (PS) RF-EH, and is widely applied
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