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ABSTRACT

The latest mobile applications such as augmented redlity, virfual reality, and deep learning can be used efficiently in various fields
such as emergency management and game. Accordingly the corresponding applications have been developed for these purposes.
However modern mobile applications such as augmented reality and virtual redlity increase the energy burden on mobile devices.
In order for mobile devices fo focus their energy on the latest mobile applications, energy consumption should be minimized for
communication and networking, such as cognitive radio. In this paper, we propose a method fo reduce the energy consumption of
Centralized Cooperative Spectrum Sensing (CCSS) scheme in cognitive radio by devising Stop Reporting Algorithm (SRA). Simulation
results show that SRA can reduce energy consumption of mobile devices using cognifive radio.
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(Figure 2) Centralized Cooperative Spectrum Sensing

T S 71A] W % 53 Q) Centralized Cooperative
Spectrum Sensing (CCSS)©]th. CCSSAIAME ZH2he] SUE
o] g A FHE Fobx A9 A E dAdste
Fusion Centor (FC)7} A3ttt 19 29 CCSSE] #4o]
2 vehd gltk Suzt g AdE gEta (AFEY
AA) 1 AFHE BT Report)dth. 1 ¥ FC7} SUE Y

P& thes) o] Aol

P ="§K(Q))(P (1—

x((1=P)1—q) +Pg)™"

) +(1-P)q)"

9] HolM pE Z7be) SUZL ~29EY & 242 3
< 9nsttt SUZE PUZE A ¢ Ad A& 2y

ol

F= B3 A (Reporting Channel)< Binary Symmetric
Channel BSO) Y& 7Hg 8tk g BSCAlA] ol 217} A
g gEo|th

2.3 CCSS 99| & OHX| 222

CCSS &8 Al ZF SUdllA 2= EY A F FColl B
25 138 F33s o 22HE AURAE Fgpet A9
ak2k. N7W 9] SU7F CCSSE et ol AR oy
A By Tt 2ol gejH

By =N+ Eg,

I8 FC7} K-out-of-N W2
o] htky F|eslr] YA A Ko 2HEY &
B ek g Qi) wlebs FColAl N7i SUSl B 7}
ot o5zl ¢k 797t gl FEeltth FColA £
FAd Al ARV BYEThE AL SUAA &
i 1S P B 1 b i 2 S YR = S L b =

pd

258

=

o, 2~ EHY

sl
=]
2
k)
o

fo fo 2 A

: 3. Stop Reporting Algorithm

BY ARNE BT Y 2HEFS of@s Balx] 4
al Qi KN = ol-a A=Y =
e e S AN AFS sUSl BALE AUA AR BAL

R T . o A7) A54o] B =R AE FO7} Koutof N 12
ot} meld 24N 2L oA 2RI} B o= o o o oye

5 AHEE m SUS] CCSS AU A] AR5 29 4= 9+ Stop

YAl A S AHEsl= B0l wA Atk weE B = Reporting Algorithm (SRAYE 7] 2}
ZHE §A50] CCSS HHEL ATt A1geT porine e = e
CCSS| oUix] AR S Zoli ket Fal &),
5h=2 OlE{Yl ME5ts| (20223) 3



ZHIA 717]2] OlHA| ARE F0[7| 2IEH IR

3.1 SRA Szt ||

SRAE ZFER Aol Folzl A7k
BH= A7ko] A& a3ghol A 2holE L EZo|th SUC
A 2AEY A4S FAsE B Fold AL 12} 8
A B3 SUZE 2 EY S 18] s3ske | dele
AT - el B M Adelth W T

2540 4RLT,

Ho} A 9

-
T> —
M
9 B54 2AS PN AFH SRATH EAE 5 9
E 342 AT da F BRajh 7 SU 2oE

Mo SUE M1l Bt €5 (Time Slot)ell 23] wjA]
a8 TAI7F roll BE SUZF AT EY AAS W £ 9l
t}. SRA F#e] ddelE 19 33 72t

N
i SUs Reporting Messages on Average

N SUs
L

0 0
N

S b
0 O

Time Time
b Slot S b Slot M

+
Stop Reporting Messages at Time Slot S
When K messages are collected

Time
Slot 2

Time
Slot 7

(32! 3) SRA =2t=iz|
(Figure 3) SRA Process

SUES M9 eldEEd vl X8t SUE©] 2HITh
2 2~¥9EY A4 2 FCol A AR BIE S8t
FColl K7l o]’el AHEY & A wAIA7L A=t
W FC7t 2~ ER AAES I7 3lEl= Stop Reporting
Message (SRM)< 7t SUS Hdlch webs 1 o)< g
P&F] HAH SUES 2 EY AAE F3shA &

ToEM dqUA ARE Y F Utk

54 g9zl miel sut uAEana st
A, A HYETNN 2HEY ES WARTHE vA
A Mol Bk I, S Tt 2ol Aelge,

]avg = Z](Ps(1*Q)+(1*PS)Q)j
j=0
x(1=P)(A1—q)+ Pyg))"
9 Ae HFsrolne WEsel §e Eohd B

avg (1—’}“)2 1_7,,

9] Aol r& FuE SJulsie] thest o] Relgh

(1-P,)1—q)+ Py

SRAGIAIE 7} SUZH B4 Bl &2o] WAE S5
%E AR oA BA B4 e S A
CsUel A me old BEE wen 0o 2o 4
g9,

m~ BN, —
M

)

I¥EZ me Fa2 o 2ok

Elm] =2
we 54 Hel €204 ~9EY £2 920
WA ] Gl A9 Bl e e

2.

NN gt
B
E[];zvg] - (1—’[“)2 - 1—r

x(1=P)1—q)+ P,

2019. 4



ZHKd 71719] oA 22

A
k=)
~
El)
[

o
=

7 SRME BN AHEY A4 $34E S99
= A% (Stopping Point) S H#ghe thars} o] 1+

2=~ 0]

_1

S=min(i),i={ilK<i e+ E[I

gy @ < M}

9 AolA i Aotk § WA AHeN 2uE
% A4 o] WAAT SRAZ AH-E SUS ] 24 of
YA 2R By, & o3t 2

whepA] ESRA < Etot o] "FEEEHE SRAE A3}
Aulkz ¢l CCSSE AMET o) Hru} o|yA] AR Zo)
AT Ro] ZHH,

HHN 2

3. AlEH el % 23

B =FoM AM® AlEd 0|42 MATLAB R2018a
A o] Foj Kot Tt HES E]MJJr 7ol A FIAT
74zte] SUZL ~#EY £& %S 34F P2 09, ,
K-out-of-N W 9] 71Z3F KE 6, M 7+ 58 4439
o} sk Z47ke) SUZF AHER AA o ARSE dUXR
Eg; e 37 10mW, 41 19 7t 225 n2e
Z20] odix] AR AgS AT SU F49 £ N
1549 SAEE 30% 9 §A71A] M3} 7w SRASH
HE QL CCssete] oAl aRghe vwste 43S
18] 3193 Tk BSColA oll2f7F 2l 88 g& 0.01, 0.03,
.05

S r>4 1o o

0522 WA AdE AgsHon Jo wE 2
F= 19 4, 5, 691 UERTH

I3 4% BSCOlA o 87t 2A4E &5 q71 001Y ¢
o AES H3 Asjolr)y, B =M A 9Hek SRAS
ALPLE o quUA 2EFe] A3 FaHE A

AL %Wr 2371 9] Suzt

T %o

7} E}Ol—g rq1 SRMo] A% e v 23
iu]-l:]— }\,ﬂ]E% Aﬂ/kl )

l 7] 2ol FEH S7F &
&% 2°‘ g E A EHSA 7] w&elth. 19 5% BSCl
°ﬂ 27t S &E q7F 0039 o AFS s 2
oltk. 1Y 4ol N9} ME At Ygou, 23749

Energy Consumption Comparison (q = 0.01)

CCSS Scheme

| = — —General Algorithm
SRA

w
@
=]

W
w
&
=]
1

]
@ S
- -
-

Energy consumption

5]
(=1
=]

4
I

= S
bc-—

o
=]
=00

15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Number of secondary users

(3% 4) LerHel CCSS Hnt SRAL| oflLX| A~k H|w
(g =0.01M
(Figure 4) Comparison of Energy Consumption of
General CCSS Algorithm and SRA (g =
0.01)

Energy Consumption Comparison (g = 0.03)

CCSS Scheme

— — — General Algorithm
SRA

]
]
=]

W
) w
& =]
=] S
4

Energy consumption {mi/)
3
(=]

{0 =
=t

15 16 17 18 19 20 21 22 23 24 256 26 2‘7 28 2‘9 30
Number of secondary users
(O3 b) 2HtAol CCSS wHnt SRAS| of|juX| ~HZk
H|W (g = 0.03)
(Figure 5) Comparison of Energy Consumption
of General CCSS Algorithm and SRA
(g = 0.03)




ZHKd 71719] ol|A] 22E £0|7] g

oI%]

oM 5

AoflA

Energy Cunsurnptlun Cumparlson (q D 05)
W7
I CCS8S Scheme
— — —General mgnmhm]

SRA

350L

]

w
=1
=]

=

¥
-1
—e— I}~
--00-—
== =

——[rF—

-— -
-
-={ X} -

—-—{ -
L I o |

Energy consumption {miV)

—
—————
N —

o
=]
e

i
:

————
-
—

w@

15 15 17 13 19 zn 21 22 23 24 25 25 27 25 29 30
Number of secondary users

—a—

6) Yetxel CCSS WHm SRAL| OfX| AmEf
Hlw (g = 0.05)

(Figure 6) Comparison of Energy Consumption

of General CCSS Algorithm and SRA

(g = 0.05)

(ad

SUY ®7} obd 287) €] SUCIA FE3 S7F BFd &5 2
2 FolEe S B F T o] Aol UEuE ol
e 29 40llM e AR A2 o el %

ol FEH ARE Rox By WRolth HA
J&F 244 K9 WAAE ROy 17 o ne
o Be U7l BRsth 19 6= BSCOlA o2}

g BE 2 005E A3 F33 Ao A7) Yet
ootk 9 44 59 9] 54 AH-AAEE THAE S
7t B EE 30 BUER 28 SoEUW A
ER 9UA] &t BSCOllA o7t dAE g5 o] 0052
%] Wl Kl ol TS AR RojA] &
9t7] wj&olth webd SRAE BSCOllA o2z} wagst
5o A& ) o a449E & § Itk

4. 2

rir
s
-3
>
e
g
ol
ey
rulo

Az eel
adge
= a9 Rl
FERE QAATAEAAN MY oA A
wuiel 71717k 27484, /A
A B9 1E A7 vE 1%

$ge
% gl ool 47 etk

2
i
)

m‘\N IUIO rlr rl.n:

Bz
1e ol
Q‘L
2

N

Bukd 7171¢] ey
o duAE v A

173 (Reference)

[1] S. Kim, S. Kang, Y. Choi, M. Choi, and M. Hong,
"Augmented-Reality ~ Survey: from  Concept to
Application,” KSII Trans. Internet and Information
Systmes., vol. 11, no. 2, pp. 982-1004, Feb. 2017.
https://doi.org/10.3837/tiis.2017.02.019
J. Chung, Y. Park, J. Park, and H. Cho, “Adaptive
Cloud Offloading of Augmented Reality Applications
on Smart Devices for Minimum Energy Consumption,”
KSII Trans. Internet and Information Systmes., vol. 9,
no. 8, pp. 3090-3102, Aug. 2015.
https://doi.org/10.3837/tiis.2015.08.020
J. Chung, T. Ha, S. Jo, T. Kyung, and S. Park,
"Augmented Reality based Low Power Consuming
Smartphone Control Scheme,” KSII Trans. Internet and
Information Systmes., vol. 11, no. 10, pp. 3090-3102,
Oct. 2017.
https://doi.org/10.3837/tiis.2017.10.026
J. Mitola, and G. Maguire, “Cognitive radio: making
radios more personal,” IEEE Personal
Commun., vol. 6, no. 4, pp. 13-18, Aug. 1999.
https://doi.org/10.1109/98.788210
S. Haykin, “Cognitive radio: Brain-empowered wireless

2]

(3]

(4]

software

(5]
communications,” IEEE J. Sel. Areas Commun., vol.
23, no. 2, pp. 201-220, Feb. 2005.
https://doi.org/10.1109/jsac.2004.839380

K. Cichon, A. Dliks, and H. Bogucka "Energy-Efficient
Cooperative Spectrum  Sensing: A Survey,” IEEE
Commun. Surveys Tuts., vol. 18, no. 3, pp. 1861-1886,
3rd Quart., 2016.
https://doi.org/10.23919/fruct.2017.8250160

S. Sharma, T. Bogale, L. Le, S. Chatzinotas, X. Wang,
and B. Ottersten, "Dynamic Spectrum Sharing in 5G
Wireless Networks With Full-Duplex Technology:
Recent Advances and Research Challenges,” IEEE
Commun. Surveys Tuts., vol. 20, no. 1, pp. 674-707,
Ist Quart., 2018.
https://doi.org/10.1109/comst.2017.2773628

M. Tavana, A. Rahmati, and V. Shah-Mansouri,
Sensing With Joint Energy and

[6

—

(71

(8]
“Cooperative
Correlation Detection in Cognitive Radio Networks”
IEEE Commun. Letters, vol. 21, no. 1, pp. 132-135,

»

2019. 4



ZHIA 717]12] o1 A2E E0[7] 2§ X FM SAloj

B
ol
o
12
o
[ >
E
m
u
>
>
o
i3

Jan. 2017.
https://doi.org/10.1109/LCOMM.2016.2613858

M. Ghorbel, H. Nam, and M.-S. Alouini, ”Soft
Cooperative Spectrum  Sensing Performance Under
Imperfect and Non Identical Reporting Channels” IEEE
Commun. Letters, vol. 19, no. 2, pp. 227-230, Fab.
2015.

https://doi.org/10.1109/LCOMM.2014.2377231

G. Chandrasekaran, and S. Kalyani, “Performance
Analysis of Cooperative Spectrum Sensing Over K—H
Shadowed Fading” I[EEE Commun. Letters, vol. 4, no.

S, pp- 553-556, Oct. 2015.
https://doi.org/10.1109/ICCC.2013.6731664

G. Ganesan, and Y. Li, “Cooperative Spectrum Sensing
in Cognitive Radio, Part II: Multiuser Networks,” /EEE
Trans. Wireless Commun., vol. 6, no. 6, pp. 2214-2222,
Jun. 2007.

https://doi.org/10.1109/twc.2007.05776

I. Akyildiz, B. Lo, and R. Balakrishnan, “Cooperative
spectrum sensing in cognitive radio networks: A survey,”
Physical Commun., vol. 4, no. 1, pp. 40-62, Mar. 2011
https://doi.org/10.1016/j.phycom.2010.12.003

OXN X200 0

Al 9 #(Younghwan Shin)

2016 At A7) A28 (F3HAh

20163~ AAhstal tiehd A7) AR E s AuiAe A
A F-oF : Cognitive Radio, Deep Learning, etc.

E-mail : shinyh1115@yonsei.ac.kr

M & &(Sunho Seo)

20149 AANE . A7) HA-F 8 (A

20143~A) AA NS Geke H7)AAF ST} AUt
A E-F : Trust, Augmented Reality, etc.

E-mail : trial @yonsei.ac.kr

& & £(Jong-Moon Chung)

199214 At AAF 3t (F3HD

19941 At ekl AAEE S (A

1999 Pennsylvania State University, Dept. of Electrical Engineering (&334}

19973 ~1999'd  Assistant Professor & Instructor, Pennsylvania State University, Dept. of Electrical
Engineering

2000'd ~20053  Director, Advanced Communication Systems Engineering Laboratory (ACSEL)

2000 ~2005'3  Director, Oklahoma Communication Laboratory for Networking & Bioengineering (OCLNB)

20001 ~2005d  Associate Professor (Tenured), Oklahoma State University, School of Electrical &
Computer Engineering

20058 ~@A A A7 A wg

P4 Eok : IoT & Smartphones, Smart Cars & ITS, Military Communications, NFV / ICN / SDN, LTE-A

| 5G Networks, Cloud Computing & Big Data, Public Safety AR Simulators and Networking.
E-mail : jmc@yonsei.ac.kr

12 olE{ull A5t (20H25) 7

el





