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Cell-Free (CF) massive MIMO (mMIMO) system features dense deployment of access points
(APs), distributed over a large area to serve a small number of users simultaneously. This approach
removes cell edges and introduces overlapping regions for serving users hence providing a uniform
quality of services. CF systems have been regarded as a potential next—generation technology for
5G networks. In this paper, detailed system archi— tecture, principle methods, and key challenges
for CF mMIMO deployment are discussed. Furthermore, a succinct overview of the recent research
contributions and future considerations for the aforementioned scheme is investigated.

1. INTRODUCTION

International Telecommunication Union (ITU) issued spec-
ifications for the 5G (MT-2020) in 2015 [1]. According to
these specifications, 5G services must deliver enhanced
mobile broadband (eMBB) with immense downlink and uplink
speed. For eMBB, ITU has recommended 20 Gbps downlink
(DL) speed and 1 Gbps uplink (UL) speed so it can support
applications like smart health services, drone surveillance,
and [oT. 5G is also required to have one million machines
connected per square km with massive machine-type com-
munication (mMTC). This specification will support various
applications like smart cars, smart cities, robotics, and smart
machines. Ultra-high reliability and low latency (URLC) is
another important specification for 5G networks set by ITU.
The aforementioned specifications motivate researchers to
investigate efficient techniques that have the capability to
incorporate 5G communication network demands. Cell-Free
(CF) massive multiple input multiple outputs (mMIMO) is a
new technology that has the potential to implement these
new specifications, specifically mMTC and IoT in which
devices are sparse in large geographical areas. Over the
recent years, researchers came up with multiple technologies
to meet the ever-increasing demands of low latency,
efficient and minimal bandwidth  consumption, high
throughput, reliable connection, and much more. Multiple
input multiple output (MIMO) is one of the promising
technologies that accommodate most of the aforementioned
requirements. In MIMO, multiple antennas are mounted on
the base station to serve multiple users in a cell. MIMO
transmitter has the ability to deliver multiple signals
simultaneously while utilizing the installed multiple antennas
at the base station. MIMO enhances the quality of
communication by providing antenna diversity, beamforming
capabilities, and spatial multiplexing [2]. Massive MIMO
(mMIMO) is an extension of MIMO where a massive number

of antennas are installed at base stations that not only
improve signal quality but also accommodate more users.
mMIMO improves data rates while utilizing the same
frequency-time resources [2]. mMIMO can be categorized
into two broad categories depending on the deployment of
antennae.

1) If all the antennas are mounted on the base station,
then we term it as centralized mMIMO

2) If antennas are geographically distributed in a large
area, on different access points (APs), then we term
it as distributed mMIMO

Centralized mMIMO enables spatial multiplexing in which
different data streams are sent using the same
time-frequency resources but there is a considerable
difference between the signal quality of the user placed
near the base station and the one placed at the edge of
the cell. In this regard, distributed mMIMO gives better
performance as it ensures the same QoS to all the users
regardless of their position in a cell. Further- more, it
also removes inter-cell interference and reduces the
required transmission energy. mMIMO technology has been
one of the most significant developments in wireless
commu- nication but still it has some issues. In
distributed mMIMO, interference from neighboring base
stations is a crucial issue because of the disjoint region. To
overcome this, an incarnation of distributed massive MIMO
system termed as Cell-free (CF) massive MIMO (mMIMO) [3]
system was introduced. In CF- mMIMO, large numbers of
Access Points(APs) are distributed in a wide area and they
are not bounded by cellular regions. It not only ensures
the uniform quality of service but also provides reduced
multi-user interference  [4]. The outline of the rest of
the paper is as follows. The working of CF- mMIMO is
discussed in Section-/Z We start with the brief working



model and narrow it down to fronthaual working is
subsection-A. Channel estimation, data tranmission from
users to APs is discussed. In subsection B, backhual
working is explained. Section /// examines the literature
for both fronthaul and bachaul. This section also
investigates  the issues faced while deployment of
CF-mMIMO networks and provide future recommendation on
the aforementioned topic. Finally, in section /V , we

conclude the paper.
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1. Fig. 1. Cell Free massive MIMO Architecture

2. SYSTEM MODEL

Cell-Free massive MIMO ensures macro-diversity by de-
ploying access points in a wide range of areas. If we
look into the architecture of CF-mMIMO depicted in “Fig.1
refs fig” , we have two links in which it operates: front
haul and backhaul. In fronthaul, a large number of APs
are serving users via wireless connection while in
backhaul these access points are connected to a central
processing unit (CPU) where most of the processing takes
place. In a typical scenario, data transmission in a
CF-mMIMO system operates in three stages

- Users generate their backhaul signal and transmit it to
numerous access points in their vicinity

- APs detect receive user signals by using detection al-
gorithms like Maximum ratio combining (MRC) and then
transmit the detected user signal to the CPU via a
backhaul link.

- Finally, User source signals are recovered at the CPU
by aggregation of received backhaul signals.

A. Front-haul (From Users to Access Points)

Fronthaul refers to the link from Users to APs. In a CF-
mMIMO network, if a user is in the vicinity of more than
one AP at a time, then it connects with all of them
simultaneously. For  working, initially, APs periodically
broadcast reference signals (RF) in the networks. Users

User Equipment

receive the reference signal (RF) signal and send it back to
the APs along with channel noise. This transmission path
from the user to APs is termed an uplink (UL). APs
estimate the channel on observed signals power and channel
noise. After channel estimation, APs assign network resources
to users for uplink (UL) and downlink (DL) communication.
After threshold time APs send orthogonal pilot information to
users via downlink (DL). Finally, a communication channel
has been established between APs andusers for UL/DL data
communication. The frequent channel estimation and
resource allocation in the case of highly mobile users is still
an open issue.

B, Back-haul (From Access Points to CPU)

The backhaul refers to a link from the access points to
the CPU. Access points have to gather user data and
forward it to the CPU via wired or wireless link. The
amount of data that needs to be forwarded to the CPU
varies from case to case. Generally, the data that APs
send to the CPU consist of two types, one containing the
channel information from each user and the other with the
received user signal [5]. Due to bandwidth constraints, AP
sends a quantized version of signals only. Each AP
multiplies the received signal by the conjugate of the
estimated channel from each user and sends back a
quantized version of this weighted signal to the CPU.

3. SCOPE, CONTRIBUTION, AND FUTURE
RECOMMENDATIONS

CF- mMIMO networks is a potential 5G New Radio (NR)
topic currently being investigated by numerous researchers.
For fronthaul, the pilot assignment on an increasing
number of users is a research perspective that is being
studied. To overcome the pilot contamination issue in the
network various techniques have been discussed in [6]. The
proposed algo- rithm iteratively estimates the LSF
coefficient and assigns a pilot sequence with a minimum
data rate. The author in [7] proposed the search-based
approach to select the sub-optimal pilot assignment. They
have suggested that If the user is served by the limited
APs in the network, then the probability of pilot
contamination can be minimized. Various frequency division
duplexing (FDD) and time division duplexing (TDD) protocols
have been proposed to overcome channel estimation and
communication problems on fronthaul. The authors in [8]
have proposed the system model to utilize frequency
division du- plexing (FDD) to estimate the channel.
Moreover, it minimizes the angle reciprocity property of the
FDD system by assuming that uplink (UL) and downlink (DL)
channels are similar. The author in [9], [10] compared the
performance of LS and MMSE for channel estimation in CF
networks. The results depicted that LS has a lower data
rate as compared to MMSE. This is because it has
considered a Rician fading channel for information



collection. The proposed method is based on line of sight
(LoS) components. The authors in [11], [12] estimated the
performance of CF-mMIMO system in the non- phase
aware channel estimation. The result shows significant
degradation in the system performance compared to the
phase- aware method. Most of the research work targeting
backhaul considers wired backhaul that uses cables or
optical fiber for data transmission but in the future, this
architecture will not be suitable due to its low flexibility,
deployment cost, and above all the fact that wired
connection cannot be implemented everywhere [13].
Wireless Backhaul is an open research area that needs to
be explored for Cell-Free mMIMO systems due to its high
flexibility, low cost, and low implementation cost. The
dedicated international telecommunications union (ITU)
frequency bands for 5G; FR1, Sub 6-GHz, operates below
6-GHz, and FR2, mmWave, operates above 24-GHz
requires the wuse of advanced technologies for signal
transmission like millimeter wave (mmWave),
Non-Orthogonal ~ Multiple access (NOMA),  Orthogonal
Frequency Domain Multiple Access (OFDMA). In [14], the
authors have proposed the use of NOMA for backhaul
signal processing along with DNN- based encoders and
decoders. The use of NOMA results in system bandwidth
reduction while DNN-based encoders and decoders ensure
computation mapping optimization by removing redundancy
and ensuring transmission accuracy. Note that we can
even improve the performance at backhaul by integrating
data mining techniques. For example, in [5], authors have
proposed to implement NOMA by using the DNN model.
DNN model performs efficient wuser clustering by
optimizing hyperparameters that are power and channel
diversity in [5]. A hybrid scheme merging approaches
used in [14]and [5] has the potential to drastically improve
the performance and reduce network overhead. Another
relatively new concept for 5G New Radio (NR) is
Integrated Access and backhaul (IAB) [13]. In this
technique, the same wireless channel is used for coverage
and backhaul connectivity among Access points. In 5G, [TU
dedicated frequency bands are high as discussed before so
this technique makes sure of efficient use of spectrum,
improved performance along with the lower cost of
equipment. IAB is essentially a multi-hop approach that
functions by having a fraction of the deployed BSs act as
donor nodes, using a wired/fiber connection. The remaining
Base stations that do not have a wired connection are
termed IAB nodes. Both IAB nodes and IAB donors foster
the same cellular coverage area and appear identical to
Users. Another advantage for operators of integrated
Access and Backhaul operators is that they can make use
of their current mmWave spectrum licenses and use
separate backhaul as needed without having to conduct
additional interference studies that may be subject to
regulatory approval.

4. CONCLUSION

In this paper, we have presented a detailed discussion
of the Cell-Free (CF) massive MIMO (mMIMO) systems
model, its scope, contributions, and future recommendations.
The CF system model separately discussed the fronthaul
and backhaul working. Moreover, it also specifies the
communication pro- cess for UL/DL data transmission. The
paper has also specified the scope of CF networks,
discussed the recent research  contributions, and
recommends future research directions. In summary, this
paper gives a comprehensive overview of CF systems with
state-of-the-art contributions.

ACKNOWLEDGMENT

This research has been supported by the National
Research Foundation of Korea (NRF) grant funded by the
Korean government(MSIT), (NRF- 2022R1A2C1003620). In
addition, the research has also been funded by the BK21
FOUR project (Al-driven Convergence Software Education
220 Research Program) funded by the Ministry of Education,
School of Computer Science and Engineering, 221
Kyungpook National University, Korea (4199990214394).

REFERENCES

[1] Erik Dahlman, Stefan Parkvall, and Johan Skold. 5G NR:
The next generation wireless access technology.
Academic Press, 2020.

[2] Jiayi Zhang, Shuaifei Chen, Yan Lin, Jiakang Zheng, Bo
Ai, and Lajos Hanzo. Cell-free massive mimo: A new
next-generation paradigm. IEEE Access, 7:99878-99888,
2019.

[3] Salah Elhoushy, Mohamed Ibrahim, and Walaa Hamouda.
Cell-free massive mimo: A survey. [EEE
Communications Surveys & Tutorials, 24(1):492-523,
2021.

[4] Hussein A  Ammar, Raviraj Adve, Shahram
Shahbazpanahi, Gary Boudreau, and Kothapalli Venkata
Srinivas. User-centric cell-free massive mimo networks:
A survey of opportunities, challenges and solutions.
[EEE Communications Surveys & Tutorials, 24(1):611-
652, 2021.

[5] Manijeh Bashar, Kanapathippillai Cumanan, Alister G
Burr, Hien Quoc Ngo, and Merouane Debbah. Cell-free
massive mimo with limited backhaul. In 2018 IEEE
International Conference on Communications (ICC),
pages 1-7. IEEE, 2018.

[6] Giovanni Interdonato, Hien Quoc Ngo, Pal Frenger, and
Erik G Larsson. Downlink training in cell-free
massive  mimo: A Dblessing in  disguise. IEEE
Transactions on Wireless Communications, 18(11):5153-
5169, 2019.



[7] Heng Liu, Jiayi Zhang, Xiaodan Zhang, Adit Kurniawan,
Tutun Juhana, and Bo Ai. Tabu-search-based pilot
assignment for cell-free mas sive mimo systems. IEEE
Transactions on Vehicular Technology, 69(2):2286-2290,
2019.

[8] Asmaa Abdallah and Mohammad M Mansour.
Angle-based multipath estimation and beamforming for
fdd cell-free massive mimo. In 2019 IEEE 20th
International Workshop on Signal Processing Advances
in Wireless Communications (SPAWC), pages 1-5. IEEE,
2019.

[9] Stefano Buzzi, Carmen D’ Andrea, and Ciro D’ Elia.
User-centric cell free massive mimo with interference
cancellation and local zf downlink precoding. In 2018
15th International Symposium on Wireless Commu
nication Systems (ISWCS), pages 1-5. IEEE, 2018.

[10] Stefano Buzzi, Carmen D’ Andrea, Alessio Zappone,
and Ciro D’ Elia. User-centric 5g cellular networks:
Resource allocation and comparison with the cell-free
massive mimo approach. IEEE Transactions on Wireless
Communications, 19(2):1250-1264, 2019. 4

[11] Zhe Wang, Jiayi Zhang, Emil Bjornson, and Bo Ai.
Uplink perfor- ~ mance of cell-free massive mimo
over spatially correlated rician fading channels. [EEE
Communications Letters, 25(4):1348-1352, 2020. [12]
Ozgecan = Ozdogan, Emil Bj ~ ornson, and lJiayi
Zhang. Downlink perfor- ~ mance of -cell-free
massive mimo with rician fading and phase shifts. In
2019 1EEE 20th International Workshop on Signal
Processing  Advances in  Wireless Communications
(SPAWC), pages 1-5. IEEE, 2019.

[13] Ali Hosseinalipour Jazi, S Mohammad Razavizadeh, and
Tommy Svens son. Integrated access and backhaul in
cell-free massive mimo systems. arXiv preprint
arXiv:2210.12633, 2022.

[14] Hanxiao Yu, Neng Ye, and Aihua Wang.
Non-orthogonal wireless backhaul design for cell-free
massive mimo: An integrated computation and
communication approach. [EEE Wireless
Communications Letters , 10(2):281-285, 2020.



==Z0M & Olsds 1d
ds

YO, M3, 231F,

=eD

{jhr020528, k0_h2_218, chj00, y

5G JIBF AlD QI8 o= 24
=)

£E52, WSI(WAMI)

HEE s

.hong, neloyou}@knu.ac.kr

Performance Evaluation of 5G—Based Accident Risk Prediction Model
Considering Node Mobility in Alleyway

Hyerim Jeon®,

Kyunghee Seo, HeedJung Choi, Songeun Hong, Hoki Baek(Corresponding author)

School of Computer Science and Engineering, Kyungpook National University

e %
Z2 MEFH JI=0] 2SN Ot 252 L OHZZU A2 DSAMLE =07 foiM ML |8 s 249
Z4A0| WSEEZD AULH 2 =2R0Ms =22 2 0|H TZ20AMS 5G JIE AtD QE = 22 MG L D
= QeEsE g2l JIXN=2C22H 0 =00 88 = user equipment(UE)E2 IXI, &, Ji5E, 2&s 1edol
O:I sHog 2 PHE2 2G| M0 Ar2 Mol AlsotD MEe LS MENAH MEE £+~ UL d5 B
JHME HMIHSH 2E0l AFDJE L= AILIZIR0IA Dl2l AFD RIS HSotd AFEX0H 28s EW HI20l U2
DUEEL S5 =le= 212 & 2= QAL E5| AFLIF UK 2LU=EHE 2210 2R 2= HIg s B
30%0|&o=2 Ot JIES RLEHAHA BH LMMAE HRE Lo=Z Qo L= Al 224 Mot 2
M OES GHZE &= UJULCH.
1. A8 S A¢kslm FA 9F miss S HA3}sleE 2SS ZRZ 3t} o=
T3l FE A= FAIEEE Ao EHA ALE U FAZ
Ak ALg2Fe] AZA A= sfA3staAr g
nE o] gl el *&«l “‘01 FdEI Jdo EY

o] EAs= E_%/\H’-E
7HA ZEsky AR ALS —-—Zﬂi EH—rﬂ‘:‘r
stA 4o mEd, AR B wFAe 649% WEALL
Abgake] 58.8%7F =2 2 13m Rk =2 A A A=
UEHTHI]L =29 Fo] Fom axe] Alof A FolA =
2 4o Ao fAE ““}EH] gpetslr] o9 At @A 7}
S0 AR mEeE A=S BEe] FEo] gle 527 o
H =29 E44 AV FHoluew Bt g tiurt of
9 A B Alole] mFARALY] A o} AR ARGL A
VA5 A S gk

A-&FY AFae] AE 9= 7
Equipment(UE)2}e] FE&& o5

RN

Pk 71%e Aol F4 User
o=H oHF AL BYEL
37k

oTE=

Aot UE 8ko] S50 odd o 24st= %}%fi

HI/IARE B3 AE=E ASHeEv W7 A E= correct(d
A FE] o] A ¢HS F 73—‘%), false alarm(FA: 2 A)|

FEo] Aolubx) YUAT FYS E AP,
4P 3E A s UT 94
of YokAwt dgol LA @

N AT s nyzol

2 A 3ste] o)lF HEA L yoldty =ES A S

o oy, &

3ol Iﬂ?ﬁllﬂzl

FEo] dojwtAgk
) 183 miss(Z=

oot FA7} Bl

N o2 rlr

2 #a AT
Nz AW APl AT nAA 1 FF AFnd #
F 7 FE PAE A9 99 9L RS A9} duy
otk qeEE =} mEe ol WaalA eku Aol
o

A ggo] FAFA e oW BRI J5 e
o e,

HAZ 7Y T FE
Ao, AlFol 45
ol FE& HA}e AF
Albste (2], ¢
FH A wFte) %%77}%]4 /\]7]-0] 15; nwtel 7
At wt A dPo] L EE & [3], FE A 9

/\]-x%o]] Aol Fa, e ?—CEIO]] A3 2peko) )

ﬂCﬂE At [4], 783 Baxe] e ek =
& sl A 9, dF A2 BPA o
o =3k [517F ot

R R
MR AR g d

A
i i}au A2k &

l—J

i
)
R
R
[o ©
3:
_O,L
J
o §
i

=
f
ﬁ,

o ot b
2 i
do o = ru[ru "

2 o> ok

N ot
PR R R 2o S ol Ry

b

o owg nJ[o
o
_>,i
i

%
o
nJIo

3. 7%

Pn
J1—>
b

¥ 53

31 718 AR



Sub-carrier Spacing(SCS)E 71%] symbol ZolE EUOo=ZH
nholaRx @92 A7 @9 9 2AEHS & F due A
I 7bA £2S A8t ddE s AT 5 Avke 5G9
]2 o] g3tr] 98 B AFE 56 ZlMte g Ayg S
7Fd gttt 30kHz oY &S ©|83lH, downlink, uplink Al =H
g FU17F 2 992 Mg BAs, 72 UEds 56 %
Al g7y Faieo] QlSS A g

UEel A 71202 BUE uplink WA Aol UES %7, UE
o £ 9 7%, UE 91X, o|§ 2=E =¥k UEY &
Foll= A%, AF ARE, QLENo], Algho] EgE W, ALES-
A28 vehicles:E RF £01E Folgly EA3TE R Ao
ZAste =E UEY 1xE $Ysita 7448, UES 99X
= Xy BHYe FHxEE o] &3t @I UES olF WIFS
Zte2 Zd@Ich UEY ol% ZxE /M4 Hg 0|53y A%

E

= O
I

g wo] 4xE dAsA FA3ch DownlinkZ RulE WA X
de FE 9o ZAHAJGE A wHAANS xg3ta 7
2 &Pe 7F Ao AEE 1Ed Foz AAE F ol vy
o] AH Ao HAEATH
AEre] S AEdd #AE @ £x AHER SAZEY F
£% AMAES o)lgsl =AY £5= CAN A4S g On
Board Unit(OBU)Z AG 7Aoo 2 HAFHTE CAN S2414
S olgd mo EBEAN £ne= Hexo HE BEA £59
500Kbps & 7}A gt}
32 AA ANzH 78
3 1. Parameters 4 29]
Parameters
25 27] EX(m/s) vy
B3P =7] £=(m/s) 0
A 27] 75 =@m/s) a,
B3z z7] 7H5=(m/s) a,
7M45= 18 4=(m/s) v
UEs ¢& w7
Mg F o
UEs Alo]9] Ag] D
AdlolE F7]1(s) T
2 AFNA Atetes &5 - 7MEE 8 54 daeFe A

UE $i8] 92 4%

v=1y; +aT
+

UM A% 57

s
=gl
}

A 2 HY

B 2 iim

Not parallel

R Bl R

22! 4x Ha
2} UES| OBU,
Mobile device S
39 1L 5 MR a9 5 dus 24 ML=
a8 1A &= 2o AS, F2 (D3} 2ol UEY &=
o 1 SUHEE AN &5 FAL Agste] Txvith ¥
T £ 08 7R UEE 31 /b4 AgelA 83 30
wet AQF P9 Wel HEEE JAY T oold ol &= ¢
ol a o T8 Fota] WsE =g T



v =0, +al )

ko] 918 9 re] A9, 18 E e AEEY old Y

E%e 2y Tx 5¢F olFste AYE wgsted ook 79 &
° 2 Akgitt

r=oT )

AA AT R BRas] AAAE F UE Aele] A D

gkl Adst
4 el AL@ch D<oy, A UEY A
wheb Al e TheAdE FUME Bdsty
o7 AR B dFelAEs 22 FHxo

AR7E A EEAAdAY ZU H4 FEL AL
2, UE7F A2 & Jde AT xy 9w 1-4AEdon,
UE7} k2o Fstes olF ZAxE S 2Z(0° )RE WA
Foz 7Zbzb 90° , 180° , 270° 2tx AASYD =3, =9
sH= UES] AbaL WA 7hsAdnhe nejstes, F UES
ZA=7F B A aHsA Gevh webAd UEZF 9F
o 7IAE YR o, F UEZ olF Z4=7F Wy3}
A B Afole A B THeAol Atk dddith dE
E0l, UElo] 1AW & Z=Ro|A 270° o WFo watRo
A2 439, x #H37F S50 f1A EAg= UE27E 1809

Bl o @ o lo

Ol > o
0= K

%
=

)

oot
>

offt ol o
iy

FFo s waRe] Hod wel= g UES] At 24 7k
de 11 dav) gloh

1A= AbaL BA ThsAde] e UEe tieiAr A &
d& dEste OBUZE uldd UESl Ao 184 ¥ 49
£ FE3l49 UEY mobile devicedll HA1 ¢HS A5

4. NEHIA & Bt

411 AEHIA N

B Aol E At A% BASE A4 Pl oW =x

NAel B AR W FEol oluhs A eE A4

Jath 35 7170l HE Ao JEE 1Y

4 ggoz FASAL, 71E AP 99 UEE s

=2 g9 WelA 4] BF F o BFOoRE FYT
= 2% AASAG. 2 AEEE 0z W ol

P g 4stel he UESSl AzE 44% ¥ sz 2

ste] Byl gde] AFEES vty Ed ge A
ellA, 71& AFHAD A7 dugs Ag=E A
L

247t 4m, 8mE A A AL

4.2 NEZIA 873 23

® 2. Aledeld 44

37 7k H 9
T 0.5, 1, 2 -
a, = 4B ~ &
a, - -1 ~1
2 8 5 - ].6
% 1 0.8 ~ 1.3
=2 Zol(m) 60 -
2 (m) 10 -

gt BaAe] &5E 747 BF 8mjseh lmisoln] EFAA
7} Im/s9b 0.1m/s¢l A+ H3£9 g 7

A e B e A3hE AEsky] sk 1,000 A&
golde wE AP, 1,000712 AEH ARFS HHF3§)
of #& YehhAdo

43 NgHol 4 Bt
A3 9E dE rase Brie] fe A2
ol ALTh dojur] AAA el $% WA ¢yel
AsA o BAH) ALt AAE oA AT T
F7] Qb o} Agol WA BT missZ, Lo
AAT T x 29 F7] o] ARE Udo] LY ASE T
AR AAZ DojuA ehtAY Ao LA AS
SR

4.4 NE#IA 23



Correct | Correct |

FA

Correct

10.991 0.878

FA

Miss | O

Miss | O Miss | 0
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4
2le 8 1F gnalE W ER 72 2T2E <lg vtd o gnalE
@ 3= 74E 13 Y L8| @ EE714E 13 85 ¢

a8 2. AEdeld FAH
DT=1¥4 o

ad 28 EY, & dadEel
A dagFo] 99.1%° e A
0.9%% A2l oA v AR IRIFHT FA Bl&o] Wb
AL AY "W o] HaPdeow AW ZAe= FA A&7t A&
AR miss gro]l AL < AT shA B Aol A=
miss #t HZF FAYSHA ot ‘3}"“' dagEFEdl nls) -t
g s At

Hlg &&= 7SR a1y

=2 7137t FA H&E

@ T-=29 v
A g F717F dojHe weEl, T = 1Y wje W8] &=
tEs 18 537 dugEe A=) 87.8%% 7HASHA

o}, miss %k‘: 1%% w3k A| g 2eo 2 WAy He
olt}, FA ZWo|d 7| & AT fSERT $53 ARE B ]
ul miss e AFTE A 7|o] FA FFRTF W73sk Hrio]
[kt

mﬁﬁr}lrﬂ'

(2 T =059

w2 Ao WA A7l dulolERY) Wi Mo 9
Be dSshE S5 &% a8l 54 GndEel 100% &
g2 948 4958 a0 99 wd 14 daEs UB
BRQl TR daEe AN Aud wel 97 Wl A4
t o Zlo] ofUEE T ghol Zadtha A Aol o AAE

Witk edle FA £E9} e

Ae B sl Bolde B itk

=78 B = AldE L)

5. 2

B ATNME AAGOR 123 AU ¥Po] BFHE 56

il

FAAA AR 9, £E, 7HEE Fe ZUEPH 53
o2 uiE gAY FE EF WS absdt. e
U1 E]Z3} nwste] AEgoldd AF} FAS ngo] ThE =
Ao Bs) @AF Ed, misss A FAEFA Fourt w

e A= 2

2tA4 FASo = <I3sh A]-%x].‘/] AZFA A 5ol
2 Aoz grtan.

0.6 0.8 1 0 0.2 0.4 0.6 0.8 jt

@ el PR T | 9ld utE 0y gne|E
= @ 357145 18 55 203|3

FEEELTRETE

AR R T
B odPE HEAEYREUR 2 JREN/HYIU SW
FATAS) AP AT 9592 (2021-0-01082)

%1 E T
(1] 249, AAs, 294, AAE, “FU =R 2FAD
=4 BA" | 0%71%74 3, pp. 53-59, 2017

[2] 24, v AAE A AT A

]_
L BEAFATAN &

8] A4, AF3, kA, “Vavziat 99 2 aE 3 =

T 34 @:PET . BHAEATANEEY, 266, pp
773-782, 2018
[4] 74, U, AL, “AsFol g

2tFE ol EHCIHE
Safety Applicatione] #3 A3~
3, pp. 1380-1381, 2017

[5] &=, o34, 1387,
3 25 d5 =29 AL,
pp. 745-746, 2014,

283 57 VIV WO A4S BE
A EASE BTy

o]ﬁ:]zl :511:H
dillx}Ex}d—?ﬂ-E] FAs = 3],



A2 ==& CXNE 28 =2 DRM IHI|&
AN EB, Y e
PSR ZEEHRERSS

keffred@daegu.ac.kr, kimsc@daegu.ac.kr

DRM Packaging For Real-time On—-demand Digital Contents

Seoyun Shin®, SoonCheol Kim

Dept. of Computer Engineering, Daegu University

2 o

mr

02

==
_'_‘_Cod

Q

0

2

Qo
T IR &2 o T
=
02
foh
I
el
FIF
Fl"-
5_1‘
DQ
foi
k_c'a!
FP_“

L A g

2 1T o] AEY F419] e-society A3]olA <l
b, AME, AFE 7§35 u-society AFEE FA A Wa| 7t
glom 1 S AN FEY gAY = ARz 7]
ATk AAE FEY gAE Zdz= Anx 7)Ee gA
S ¥(convergence) 71% FAlol wt A, ME A, A
o B3& JH&E3AA, 29, 93 AR/VR T ot Sl
T & de A 2 WMEA A FA T 2T
ez Ao gofdt Zelx Ropo] 8= 4 Qe 7]
solt}. AAIZ FE2E UAE FrRlxs *l"@x}ﬂ w2 A A 7L
of BAl Rg TV 2ol 943 & ddte wd &
AEE, Aol AA AT} *liéx}«l ol whet AAIzEe
2 A2 g E AEHE U5 ogudth AAZ FEY
g ZelzrF Bzl A7 Zelxe] Al =
X}ﬂ Fgel ueh, AFAE TH=E gy om golgol=
2] SIA A TEAHOE W auArt HA, AL 2
Z okl Al HFko] dojydtt

N

¢

2

>

Y

r& i (> o R

Kl

11 479 8.4

o
>
A

£
[N g 1

offt

2

o

o

oo

il

it

rlr

o

&

o

lﬁ 717k A g

DRM 1714 71%e] 285
Zo 285 DRM 9714 71ee tAE EiZOﬂ o
HolHE d&EststA g7, EPe) RIECAC
of, g solA A ZuE 2T} The 0}7%14, azv 4 7]

rlr _l}ru £ M 9o
i
g

7/\

g ThE B AN B4 m2ade Agste] 44 o
$2E Jhsa BEAol A

E‘@EOI DRM IHI1& L& 0l £
CXe

240 |/\-|;\ SEM A= AYPZ 25

ZEI=2| DRM uH9| | YAa= & 3

H‘:* DRM MH < I:II‘:"9|01|

< i 0f U
Mo 24 <2z

12. 479 & 9 W&

Pl G2, A
A% Ame AeFow
Felel OAY Ze=
et el Mal UAE mdze SpUe Gescs A
SEEDEPE TR
%3l 712 DRM AW vA7|2 3t W ¢ Jdssgozs, F
ol msl A% o] 8% UAY Telx nek PAnTh EA
o2 OAY EHze ¥y £ PAT & Aok
2712 AR}E TAYD & 9 DRM 759 A% ol4
g Z%s8 W2 AES % AZAS B3 AAsnA Bk

M e
I
i
% o
x
i
o
o
T
o
=
=

oL A% a4+

A8 d7H1]2] DRM(Digital Rights Management) 7]1< 2 <ol
olstH CP(E®l= Xil’—‘}x}) Ao A DRM AH e #17]4 *'E
of wdolAe W A 7} AAHES BT wol Hwste, §
2b 7k Eel=7} "éx}ﬂt ZAelwt 49 57F A5 E /‘}%Z}

ko] Wdlr] wjiell, CP A WeA AAZIe R Eul=o| 3
M RE Bl = A He AR dvh

g Mw Z2ae] MYPEJN-HFF 6ldAe AT
DRM A#9} CP AHol &ulA7F @43k Felxof ojg 37]
A 2sE dEsta, dld CP AME goladxrl a8 24
29} g W7 Aavl AEE Zelzel IS W) T 2
Hlzo] gt 9= sV} AEE AR T HEde AS
E7R o= 5% DRM Al=®loth

PAF[112 DRM &

A d=E A Fshe= 9
of #e Zlom, Tdzol o 2



Aok Zelzo] i DRM 917142 a5k AHORM A
Wb Bese Qa, Age eolds gu, AgA el
A7 An, FAzt 999 A 3R 5L olgstel Y
e H WAEAN-ATE 7, 9 FRA, B AT o]
2 Amsk DRM AW7h 228 74, DRM AWz} g whe
o 7171 HRE st wad volHd FEATL AAst
43 AR fAbs

S, HYATIE HolE B33} /1§ BE MEAE

FEseA g glom, AL HolHERIE TAXE ol
7 239 dolHrit e ¥ 2 dERsHE FHE A

AAEL JA o =F, AFAF1le B Ao A
I 712 APERl & dolEi7t 2850 7] E 45t
712 4EsEe A, 4 22" tolH e dHoly East 7
7 DRM Ao ng7|2 dastes 40 BalA 7HAsA
U, AAR EASEA] @8an Sl

r'O

M At 719

‘ [ memew | [ zezaw | [ @osxxw | [ oAw s

Da@i ANE&(701)
H=x 453} 3| R
2E= 555 3| Md
(702)
A28 & ABx2AS5
(703)

N8 ASHe NEE IS HE(705)

ALETH HEOZ 2701(704)

EX F2(706

BOIMA 28 Hog
H4(707)
20lHA Q8 NHE FH(708)

SOIHA 254 AT
(709)

BOlHL 2EM A= o
2 @&(710)

oz
g =i
or |
Aﬁﬁﬁ
i

ASsE A= 2535
I8 HE(713)

-
1y
(1]
fon
o

(OR)
M ow
z
I
o
o
o =

3
=

AS3E AHHX 2535
IIE WE(714)

:)ﬁﬂz%%mﬂ@
IIEE AE=E H(716)

2EE 255 = WY
(7

[Z2%1 : DRM #7113 A" 55%]
A

A= Ag AH2=E o] &staa st AHEAbE AR T
e Bl Al AMgA AR om FHl= AlF Muls ZUE
20T AREA A gk 2a]l0] FHY, 2ol
2 A AHEA Aol 219l B AHEA 92E AEE 2
A g ARE 71E AFF 1 F AgAE HAE ZHx
Fwokal, oo mel AFEA SR FAT AWE ASA
MH§ 710l Z1xste] eholdx 2 MHe Adsta, A
g ol 2 MEe glolid s Mz HdE3nh

oloAl, Foldes AW $AF Folds 2% A 7]
zshe] AHSA wEe] e oldze] FEAES AFAT ¢
o]dlzs AWl DRM AHZ AHER Brgel ol@ slol i f&
4 A% ANE AEH.

¢

=)

2

ox A il ofN

DRM AW ALg7 whdo] @ gloldzsrt fad 2o
= #uHs 49, 728 OAd 2dze Fuz 253 7

o thgk DRM Awe] /7] 2 vd7]E AF4gict. DRM A
= Zelx 5353 7)o g 453 7] @ 553 7] A
oA AAE wE7) o rxae Zdz B33 JE 45T

.
DRM At qtass 2wz 233 7

= A%, golds AWE oE
As@th Tz ANE ARY =
=

[e)

H= 5353 7|15 sf7|Adsta, 3714 A
42 s

AbEA e FEl=
gt 7] A EANA YA
715 Basgstal, olE 3
sl gostE trE Zulx =

AbeA g Ox g Zelxd] A4d 953E FA(ES
shste d AIF A4, DRM 218 whEstx] Eslo] oA d
el =290 Hto] tktrHE o=
2 e AR A Al ZE <
T 49 =E WAAE ATE = Ja, AEAY FES E
52 gAFo] glo] AsoE golidr 8F =
SARE BHEES 5 QT

(18 2] F713Q AA ool wa} gho]ld 2 o)A
A= AAZ FEY oxd Zel=xo DRM 37|14 US4
w3l7] 913 =M o

hold 2 Mule Rz AT ARl FAF 22U3 A
S GZE AR ASHMe AEE 71E FART Fold =
Ae ZH= AlE Aulz ZEFe] 2OJA7 AR Al
FEAS AT ofF, gl Aue AR A8 FR
dol AsE A5, ol Ane F4& AR Y ARA I
o] 84st= Fdl=ol tigh wEteo]Ef(metadata)e] F=2 HH
£ dEssto] AR TR E $ARH.

golrz Mol Fa AH 2 viguolHe Az Hui
AES-256 4o 71zste] ormsid & vk gEslE gholdl
2 AWl Fa& 3R 9 Gsstd webolHe AR An:
json @alo =Y AU A wEel AFE 5 Ytk
ol AEE ALA BURRE AYE AZNY AWE 7
ol 7\zate] ARE Boldx 89 AL S FAT 2
ol a7 Mwol s1zsle] ALA Rl hF 2hode)
$54e AEaY. =9, folds AME DRM AW A4
2wl tat golds FEAH AE ARE S48 DRM
AW RE DRM Asle] m@sje] 7zsle] gasty Zux
258} 78 FAAT Pold AHE Zdx AN P55
d 2dx 8253 78 $AF o F, dolds AWE oE
shel el B53 7)) A, dlY EEE Tux 2ss
8l817] 913 DRM Mme| 2717]9] FE717kel o)
FA% 5 Qo) o A%, TEz A FssE

7] @ DRM AW g71719] fFa7|ztel ta Hun
A wee AR F o

:
[N

al
T

)

i)

E

7

HIMrﬂ

it e

B
=

A}

L

i [N oxt

oo ol



AT HBO B

Re4ds 2

(]

L

ol & A /vItH_I_ FAFL G IHIE}HIOIEI_I 42 38
ASSIGH0 MEX HEZ &
MNEX HLUZ2H 210l8A QA S 24

!

(292 : goldls Aol FasE A2E SEE
[293e1 A 2Hl= Aws 2= Aw W) 4% 21 EE
2= AW AEd Wl dolguolze AEH AW
2259 7] ARE A BFow ARTeT, AL ®
UAY ZExsel g3 2z 0ss 7] 3 Tz Hust

g ARHIL AHE FAE GBI S0 s)Rsll

Vegas
(ZH= )
—

2. Content : r
Request | |

A=
o] &, 2ol Ao A o
, Z2Hl= g 71E 97

7. Media
I Transfer

1
6. Send Key '
i 1
(Gsaixary) { m— | — 4 Key Request —> [ - — ad Descnm,on I D
E _________ E 1 Action

[
A zv/]

Keychain DB

 craanos |
[2%3: &=

41& DRM Aol A Fass 2A 2
DRM 3714 & 43sh7] 92 «

[N
X
z
e
=
lo
>
[~
iy

: 8. Media Play !

Al &

clOldA AHZRH cloldA R4 ZIUE 4

ctOld A R &7

YES

DRM AItHSl HIZII0l JI=5tH 2BI= 553 IS
253

[1%4 : DRM Aol 4 Salds A28 58E]

DRM MM gholdz AMZRE A8 dao] od o
oldz HEA AE ARE FAUST oldx AHEIEH g
oldz fEA AZ AW oel, 48R wLel 717 A

B, A4 AR 48 FR g A4 9] agsts

2o 44 Hu F o= HUE FhE +4E F Utk
G NS EU @ Aol FET ALE B

9 749, DRM AW DRM AWel nl@z)e] 7]zshe] 2t

= B33 7|18 45353ty DRM AWe golidx H‘ﬂi—rﬂ
dolos faA AFE Fastel A AR, LHx BE

3t 7)o dm3 2 BosE 93k 7] 2 uiEs] A A
Atk DRM MW & gdoladxrt Fa3kx st 34
oA goldavt FES AR AUHE A9, HEL FH=
253 719 st 2 BogE A% F7] ¢ vdy] A
AT & 9t

DRM A H = 533t 719 HsslEsE 9% TNE
Fel= M 2 glo]ad 2 Aol nlo]dg] dlolE(binary data)
gao=z AFgd 4 duh oF Fd, NN FHEe 34
oA DRM 3§74 A2d eR2 FEHe AL AT 5 3
tt. DRM MM E Edl= B33 715 <53)sts, AgA o
o] 717] AR, AEA A A HE W AgA ddo] g
Hohe ZrRl=9 2 HH F Ho|&E sl 7xste =
23538 719 H3gld tid H Ats 2AHE S ok

DRM A®= slgd F5d Zal=o] 9ojA, sl
o] 71EH golg 7Fe dEs I 2EH= %
E2o3ls & 4 g=F 4AHT 4 2tk DRM AH
Aol A HRE o] &3t AgA AL At —c‘%ﬂz
o A AR szt FEEH ZR=E AET 4 Qrh
DRM AMH= &5 FEE Zdl=of oA, sid AH&A A3
& B8 Eelx E38 719 Bast Jbed 1ke] AYkS
AAe ¢ g o|F, DRM MW E d3ssE Zdx 5353
715 ol AWME FAlI%

[15]= DRM AWl Ao F7F4] Btk Al 2~El
BojFa o

e

Zel=

P

L

fot

=
=g

it



AMEX SH20| RFot= ZHEI=0 CHE HIEHCIOIEISE M4

!

[285 :

DRM Aol A o] F7b2 ek A 2d)

F7HAQ Hebe SN geldx fEAY AdE FAlE
A @AA DRM AWM= HLS 2% =& DASH Z9le] 7]x3t
of ARgAt go] aXsk= Fdlzol g wEdHIHE 44
gth. 1%, DRM AHE gloldzs AWZRE AR Tl
24% Zl=e] 553E 93 Zd=x 533 71§ st
AHgA Thke] B Btoldl vt frET ZAoR ATEE A
DRM A= DRM Ao wjd7]e] 7]Z3le] ZHlx 533
718 <333tk o|F, DRM AME ¢asty Zalx= 533
71& Solds A E Fald.

ot

25]

ult

v.d 2

B A7 FE2F gAE 29 DRM #7174 Bz} o
& A3 AT AR FAE A7 2 NLEte] 22 A
= o 2

D 7] DRM A =852 AHgAF dEo] ARg2L HlojE ol &

i
z
o

A Aste] goldx AFe fAsA ¥a, dHolH H&s)
718 ¥xe] nr|2 gosstA odal Utk

2) dlg Heb AE sAsky] fl8) s dholdz Anie
Fo AR B oY ARgA Do)l eAske Zdl=o] tigk W)

I
el o] El(metadata)e] A2 FHE
FAlstes dAE © 233

3 AT T2 HLS =W X+ DASH o] 7] Z3}¢]
A A8 Bl aXss Eelzel @ weu g
(metadat)® A4 BAE Adalr] 9% WHose o =
de k.

Agdoz, olgd AE BY EAUE %7 dsiAs
A4ARs J1e5e 73 Y BE 9 Ho Basy. o
AY Zaz Age Wi Fael §3, FAEA #el @
9, Fg Bewel J71e 3 &H o) w2 A
Aetn Qov, anAse UAd TdzE TAg &
Adsel A& FHw Qo] e PAY Zax akglel
AL HEE 98 ojud AANE F)EFe] A
W, mesiEel WE ydA w2 gl oled W

O

lo gt o

stel 8ol e UlA AAMTE UL Zax AR 4
% ©7lol W DRM 7] A% 9 wEs Ao tja g
o) A9l @ BA YA Aol Bas.

FaEH

[1] A= FNESFTE Al 2010-00112235 (2011.08.11. &

[2] DRM Aol @& 31 A3 - =429 7edT

& REv d9
[3] A AR BAE, 2010 A7 2E AARILA, 2010

[4] F=HRFA7EF3], FESA
Ver.2010, 2010.2

[5] Sk 2Rl =218, 2009 3 & Z'l =A== A}E, 2010
(6] LGCEAATY, &4 £ mxl gALdZd=, 2010

[7] =A 2t 9143], DRM &34 sf2e 913 253 A,
2009.12

(8] =B NZI &, 2009 =W A AF BB A4
@ A}, 2009.12

(9] 4=, "A= Azd #2(DRM), 2008

v:)

&



| S

40

2 08

0

At

ol ° o

[

i

0l

A Al

()

0l
HH

d=0stw IT N

HEcAHolE & Xet

0
S
— aoTT

H
a
Jo
alil

milouw56@gmail.com, wnstn82612@naver.com, deliciousgoo@naver.com, chr121910@gmail.com
PFODOSG an appllcatlon structure for Iarge meetlng events

Seung MinLee ©, Joon Soo Roh, Jihan Shin, Lee, Hyerim Choi
Department of Computer Science, College of IT Engineering, Kyungpook National University

2
X9 OlAtel, =5 53 S Crefset 20t
S= MHdot ZEU Y= HHGH ZAE
S=E Sdi E23 AMUUAL O 285 dAA

1A &

11 @7 WA 2 54

A2 A A F717F ofstete A diatR v® fAE 53
At o7k ARl iyt s FAkel AAM FA4 B FA, oA
el ol sl el oloprlst= HaEzh HA AAI At
ole g5 HAEE WstHE o] E4 AYH oA 5
7 B 2tEE ofEgAeldE olgd B EAHE sdsta

2 @k,

WFE WA ol Aol Folshi WAL WEF WA A
9 A7} olel e Aol Waelth B3 ATl A%, A
AFE 93 AEol EAol Jtelx, WY Sl 5 A
FHNA Be Agol o3 b Folrlel B Expze e el
o vhaa 248 o THs] Ae A¥stns AAT, o
Agol molsl Hi WAelA dde ehd FAsE e
Aotk Wet AFgEol @ Rol AFHoR mol: YFL
Aashsln B4 o7 98 dsue J5e BAND B
a7k Utk mR R WA B g4 AR 9 RE I
of #71% AYBel Wtk v Agle] FYRE Az Aol
gk oo B A7E A4 AelA oAde £4A Fh3
LAY 5 At mild A YA NS B3] ol
@ EAHe shdstaA o,

wehd B Aol UFE Be WAE 9% ojEesel
2 Ak ot HFE FE WAlA o] FolAE v
Sefata g YTE EeHoE A AT watd A
2 A7stel itE mE YA AW o EAcle TaE
ANG Aolth. o2 B3l WA A An AD @ A5 4TE
AEE AQoR WASI Aol @e] mol: dE WA
s, Melel eAe £4A dnA @

B ATE B sz BiR vE @ibe] Sojrte wag
Aol QY3 Ak ARE Foln ABE YA AW o F
gle Zolth Yo7k Aa 2 e ul§e Folw, BFE g

QItL, SAMEE S0l 2t
2L AIHE Ublotl, 2

S 5= DHIY HRSHS

Ok
=2

o Q¥ AAT Y R AU AT 5 2le Aol

12 4+ 5=

=akd 39 3 “moaDo” & AuH|x FA CEZA 210
st 7= Ay o< I AR, TAAE 49, A #H
g 59 7wl A Q] VeS vt zA o] YA e
gl = AZF #Ele 84S = A o) e F4
2 &5 9 8l JE, oA 2 A2", AR Vs T
Z3eth o)E 3k APl A B ATt JRE ZHe gl
Fag=i

AR, g2 YA & AH F OALs) 7hed S B
Feta Zb Zjle e ARS8 A gxEsE et
staral ko

A, 9 AL Moz £28 Ao txLsiel ol A
AL o) & ofEel Aol Ak AgtshaA Bk,

2.8 &

2.1 = vE PAF g B4
(o R

e Ve a4 A A ed QR e . 94
Gape] AT QAL sofatr] gal FAA A GRS WL
2 @t ggow, YA ABsEY Bed AR WTshs
4R7h Utk wAo, kel @ FE 5o oAAR o
Bk Qleh B AAAE Sz opd2a PAOR ofFolx
WA A oA B, AR FH ATE OALss)

WA Al A e AMSA o,

2.2. F4Y "yAL3
221 A5 9AQs}

AN WA FAA A5 H4e OALRE Dast A )
zo Agden dE AR A5 BHom: F7] W A



4, A adel BRss W Fol Atk WA WG ol v
a8 A5deld 57 due A4 A5, A5l ge
fo] 29 EAol 47 % Yk AABRAL WA EHEL
PASel = FHAEC] Actelcl Bk BHol AU
T oAAE Agadel @ AwH EHse FMS FAT A

&, ZM 2= Al ol o] awE wizbx] sithE ok st W
ARgo] &A% o] IAoA APl B3 Akl &
nET m3 A7) Ao R A E v AL HAS A
stz "ol webA 71Ee] Ha whaol A Fadztel #Ho
A, AFdde] A, A FAHANA LAnEH= A 3|
o tixgsglstaz @t

HAY 45 Hos A 7 PEe g5 PEe 1o
oA AAE BAR T RISE T, AFFHE B
=1 H
—= o

A7k A9l Bl Qo S QREEE AWHES she 3
Molth, F WAL oFelel el 21 EE B4 2EE 9
dale ot mixvtew A WA ade 2 BHAE

— h=
gt o Eg Al A HMES =2 AT Bl
At
Al e AR o8 S 7 3 ds e 34
A7F YAl JAske HFstr] wEe] v gl vls) A
2 @ goto] shssithe Aol Atk AN dHHE QR
FTE 287 fla FAAEe] BEA Asd EHA YA
oA Badol 43 & ok Bl EAFT

= owA pEe Agadel AL Fal 44T ZE=E Al
Fold 71712 ofEelslol o] a= el st A5l
7wl AR el Eeksele Aol WY M4l

£
¢ ol kA mewk & Qo dYAlel] Fo] A
UIE HFE = gdom, =g A TRl A4 F
vjetol FEg=rF "old 4= Qo

Al AR e e FE Aol Abgo] ol A AtelA R
o] Hom, 3 o] FAg & HpEr] v HrAd
gpetel HEE mek &k AT o] F wpyel uls] Frt
Qlgo] Hasty, dlgo] RFE A Azte] ArndtE @A
o] 9t}
YA A A, FAF Aae] R Tl ot HAEd
He g5 Zlolg wehi] B Ao s Al 71A S =
&3 fEYAIAE T3 WAE Al@sts JdelA A

R
A5 PEe A9Y 5 A=% sud o

B3}

ol
r

ol 4t o
Y

rr

3

222 EF TAg}

mpAeto w2 YAHE g st dl AAA e os] A
He e dig FxE tAESste HAo] ettt AA
=3 o]AkE], Bl FolA dF el iy FEE APy
U B3 A% F3E AFste B o® Bols AP o
T ¥4 A9 o] HAUS A oF ARE s A
A Edet MARES fdo B AFAE ofE HALEs
ted 2] MESAR AH #Y AHAF BEFAg AL AR
R 7 A=F G Fojth. A4 RVl APHs A2
A S S8l ol FolAE Fxo T2 frAetth I
H gollA FREE TF3L, FAAES A mutd 717
E YA A 193 e Fxe A3
Aegzpet FoiArt mE g drh

°of ALt AAHUNE AT d& F A oH2 v
2ol AAE BRE AYsta A3E FAsts FAg A

o

of

o o D R A

Fd

X

Azl et W§OE AFI btk T oAAZ UAL
H Exel A gad FoUA guw Eus AYT £ 9
omg oA AYY W ¥ Hwel ohidet= HgHozs
9Ag AYF & Ak AROE UAY Rxe] SHY F
%7l glous EREE ¥Y 4 2or HUS £ 4T
3 WSt E3E 9 F A

SHAIRE 712 A & g2 WA gAY FEE nbH
Alell s sfof & AbgSol Atk d UA"E FEE 1Y

dlg Axdel EA7E A7l Ad Fx Ade] TS
lor dg gAd AME FHsks del x7] vl
stal F5 #efstedE ngo] ~ndnh E3 1A
584 Fx AWt 2AHAY @A 59 ot 2T
At ® kdFoly FR LA AlE UALS FR
I gob 47 ARgASA 2dFge f2E 5

o

&
oz

32 o o) nl op P oL o

(oS

siAst] daid A" £xe) AT ARl
Fe ATT 4 YoloF T Aotk FHo| A4 EE
A Aol A7) o Fxel Az WAHUEA Lofof 3}
o 7 Al 2ol 14 5ol Adel fee AN + 9
olof @t} ALGASONA A%FL FHeE FAANA 1 #3
o] ®ztatx i A olof skr] Welslof T Zolth )
£ o2 3elste] BE A9 U428 Zolnh

(R
A

2.2.3. A8 Ff gx4Es

Hgo®, WA/HelE WSt Bad Am NE JTE
gAgslss sgol Wastth 7Eel WA/HE AW 0
YAAEE PEE FH ZolA Fold sl FuldFi
Paoz AqsE FHsed =t AAA w gl YAy
fo)g AastaA Folo 298 Ame LS AL nn
PRI WHOE ARE MESE Yo 1A Fe W4
e ohde o 4 gtk IuA SeE oE tAgssel A=
Mze] =& Hgw YRR AAHUA ARE BEShs
2EA4E Bolun Bk

2tz W2 YFE gAgssts A2 o
Z1%eolv @A o gaelA W3stal e S awE
Az & Aok sk qlo] @A tiEgeld FIvb AsE
AAEE AFEELS BX g Moz Rl 7l 1 ASsE
welts = g = sSsdgA 2] Fe sid oo
YAt Azdel ZoAsE R FoE FAsE A
< ARE thdobA Al 7171 ARE st 4l
ojA FellA ntz ZFoyAsE &4dd F AUtk

Y ARE ATT A EE FAAT 0D 23 Ao
el ARE QEET F 9n FelA 1 ARE Weus

s} qle] oA sk

_1

il

S UES s PEE %4 2YW ARES FHsed =k
BAH g3 YA S AWt =k meHe ¥Y F

gorne g JdFE tALsstH L I

2.3. 94 U

wuked 3 £ Ae YT YA FelE 37 9l
A gls e A% see ANA Ak 9% Hely 9
A RS WAsle] FRS HEsA HW Q8% svo]
A



mmate = mmate =

IS wRE ARuE INME uwEeEl R

oR-E R

8 auxtael
P4

B sz

@ = Q 4 @ =
& b 1]

Bu ARUE REI WM& WY

B O &

mRuM RUE WEEA MmA

[Z1-1] hell M sl 2lef x4 sk

A9 AR 28 F ASAE o] BAD DI 7]
52 A48T 4 ATk TAYA el Bad Je A48
b oalg WAs oY AeE & 5 da FAR Belo] Aol
F4 onE AZY 5 gor Al olele] ofd FNAT F
APEA HelY 5 dn AAFE D PAyseld] Bad A
2t AL Fo) BHUL

WA AGATE B FHBE W FH I RE A
A8l (191 ©B% Swel F4 A2 WES A
(192 9% WMoz doizbA ©h AY HHelAE R=
=8 AAY Aol YHE 24 2=E A
o8 AgAL AW AN FY AnE AW

.

= (231 022 59 F4A H WES FYHUSA
(29219 ©2% o dojzb Hol A4 o]sle] ojw 3
HAZL HAYEA FAT = gor solE FHS DA
A slolAolx BE HHASe] 4 odRE Ay VAT >
=S she] oA 221004 2YY A5 OALE BT b

st st

mnate =
B Hapgez| H|ILIE
ELLEE] Q
AR o ¥ m deez
. zas
’ b L
zas
HUEZ
. sus
‘ azss —
| zzs
‘ ‘ EErES L
) sus
B s m
& © E @ A @ E @
L] suHa  MRLE Agse  MmE MY B ANAM  HFLE  YBBE MR Y

[(232] il AL & A 7s 34

IARE 715 [1Y1] LEX HYolM FAFE HESL 2
YA (239309 SO Folrbl Hrh AHgAHE ofd k7ol
AYFola PRIYEA HAT & gor o A} F
AR (193] 9B% Hu o] AL Al FRE A
YalAY FEE FRAL F Aok

mmate = mmate =
Mg mumee Asue M meuE  sieue
2441 lorem ipsum -+
e s am

@211 loremipsum

S AR AR :22/11/16 04:50 pm
FEEE Az

2212: lorem ipsum
e R s

@ O E B O &8
s

& RETM OJIRUE WEEA Mo® Wy

g ekAe FYA [a4lelA Holexl HE WyPoA ¢
of thal A AbEAE I E=E AAFH = YA F
oA AEE 4 gJom ERANE nlz A@HAoz QT
Aol kA 222004 TRE Fxo] tAESE o F

»

mmate = mmate =
BrlAg Yapdee) 2ARLIE] axiag B HRLE
Ty 30l okl Ty 3ol ok
Lorem jpsum dolor sit amet, consectetur Lorem ipsum dolor sit amet, consectetur
adipiscing eli, sed do eiusmod tempor incididunt adipiscing elit,sed do eiusmod tempor incididunt
ut labore et dolors magna aliqua. ut labore et dolore magna aliqua.
1. Lorem ipsum dolor sit amet
* t
td ot 2. Lorem ipsum dolor sit amet
3. Lorem ipsum dolor sit amet
FEEY
FE A
e = = -
a L E @ A @ P E @ 4
& omud RUE gEER WmE WY B omuM ARUY 2uBH MmE Wy

[294] oA 5 B A} 9 FHy
WAEto R 2239 AR FHe HAYSE [19]] 9EES
"ol WA AEE FYA Y B oM DAFA Aol
of BF AE7F YEE Hojgle Holv AgAE HY ARE
el (1G5 Aol W2 AR FAF - AL
Aol



mmate =
Y sy
B A Yipke{z| #gaLE|
3o x2
slide 1
slide2
slide 3
a £ E B 8 A
8 NPPS  ARUE  wue Mm& my

[Z275] sielA tAEsd Ass+ 715 34

3. 2

rfu

31 7|1 &3} 3 &8 et

B OHAGAE GFR AA @FANA TR AAS FAGE
A A4 4 2 BAE e FAZel Adsdel ot
WEAQ QTe} JAHOREL AW WARFS =uA 53

Wg Fo) FAA B ohlet Pl FelAEAAE S1E
o wAe GAunLD AGA FHE s Besel Uy
A olFolAE WASISIE AReA AYBF UL b

Aol 24 BER ok

E YA QY % AR A 4T oiFelAelHolA AF
goH FAAE NG AAel dslA EH A serEs ol

o

Fl

1 Aol TR Amel wok 4A AEE 5 gdow FH Zof
A= Aol EREE Adstn, @3 Jd¥e £ &
FHo8 $HPORA AN FEE AHD F AE Aol
o,

Azl mitd Y FRAN AFHLYE 7]

gL UAY H5E, UAY o £x
ARES o OAEE A /55 S 25U
AEel bR Ao AWHd F47se AEAEL A
A0 FABA BANEA B B 715 E A
glom BYAE FAA AHRE ARG F YA FHd AL
BAs BaA Bkl RANE wRTh B o AABANE
0 9 Al 7ol ahel ARE F Yw HeHow
% AnE vz & & i Hger B Helss Ay
oju AgFE Anol Y 5 AA 2 Zlelth
Gl AN 2 2el e A1E 23 3l
7 AAel Fa NGRSt
7ot mE HAeIA ohdEang w}zv Held UAY
S8 olTolule] BT ARl iAWkl Baw

?lx,] 7(]—° o zol a, ;\(_]_5—3 1;_1 jv‘:]__a H]%Q %o]:ﬂ, 3@/\]—9] HH]-E_

A

R

o

2 2go2H AA4E ¥ 5 AeAtw 7]

= R
r;'hozi
et
ot

o,

g 3 ooy ey olE HwIY
48E WEIPbL FAE Ao| Loz

Aol 4147

SAQ Aol

4 o

AR R T

B oATE BT RTAE B FRFAVEE e SW
FAHEA o] AF AR FY U S"(2021-0-01082)

#F 3
(A& E, ol&E, 55 “HAAFR Alxd 283 dAgy
A AR R 553 % A214 A2E

https://www.dbpia.co.kr/journal/articleDetail?’nodeld=NODE016352
02



ZHOHOIOIE 2t S SUIOIEE

A2AES, OI4E, TN

[y

kgjsmart1559@gmail.com, leetkdgug73@naver.com, 111_yeong@naver.com, songjin1127@naver.com,

cspmobilelab@naver.com

Establishment of cafe commercial analysis system using sales data

and public data

Geondun Kim=*, Sanghyeop Lee, Wonyeong Jo, Jisong Shin, Chansik Park

Kyungpook National University School of Computer Science and Technology

Q o
D2} 199 AUHOD S AMBOISO WEI HAD AUCH = ARUAHS O 2479 02 2z
CIOIEHE £=&dot] Jt86t MAHAEAS & H, 0|22 }\lj*gFo}O# MZ28tCH. O LIOHDF ‘CSP 2HHY &
o 3iH BOUCIOIEIE 2SS0l HRiLE Sof 01 ZEE MBS0 LNBAISHH SB0 H BAE
= HAIBCH
LA & o}d e AFFTHUIH ZolAdl B ATE thF <kolA
MBI ooge ZEUolHE ATsE FATE Ads A4
Ando] £go] Hi HolHSL FAUSL BNT FRI A
S e o
3 Z o 19 =7 Ao 25%E AA 8= o
LgEEe WS AAT QUL Y2 gae dye F HOPE (CSP MY @ of s BalvlolElE Eg ol
/\-] 7]’% ]_:_L N’{Q_E ’5}\-]&1_ E]-}‘f OI%QE \‘:%.0] OE]'_L':]Z-‘] 9}\1:]_ ?‘:_1%, %tﬂ 7]’-—’1]4 “li“zj uﬂ}!‘TQ’]‘ ‘T\H'UH%]:% oﬂ}\o]'ba]'&] Zﬂéf‘f} %
Zgma oAz AUL BAGED, 019dd eggy AE THI =& Fu4 A
HE ¢ HTE T1I009 AT 20208 65271, 2021 62374
2 Folgol £9 ME U ARt 8%, 4%H TAIR, AA W, =
= TR+ 20209 33%, 20213 5%7F A TH20E 11 TT
(29 o 8 A4 % 21 N=de AF 7=

20204

20195 G|

2020 OH|

= 194 021938 | Vid | | s
sy 2770 1861 177 -32.8% -46%
oy 710 652 23 82% “44%
E 1L TS 44 A4 449 WAz o W18 (&
2>
ofFA Wi e TAA EF oEES Fe ARelA 2
BAS ANE 7Y &FFAENA EFel He FRE A
Fstara ot
FAEAMolR Aol FFE A 79 HE 9 AT
Y, a%%F 5 Ade o = oF uEo® Huvt &

server }
Q gw Golef

23 HlolE




B8 ZefoldEz AddT FE9} 2

T A% AES dolEo)xd AAg F AgE dolE
= = E9} &
£ o] g3 AgAEANA ARE ¥ E&How AY

)
£
[

F doj= javascript $1FE, AWE  nodejs(express.js) e}
mongoDBE At&-3te] FZ5t31, UlE reactjsE 288 o Aol
o F7HH o2 FFHoEE F5te Y Y WES 4
St o Sdhe 2dS FEIT o= tersorflows o] &8 o
Hy 7o s FAgTH

2.2. $R% ZFvolH

FRATFAANA A3t
MAY] A AL B
doleE F3sta 7tEeoh

717k apig} python <lo, Adye ZHUYAIE 243
P& B3 @A FAFA AT A ARE ATHEE
Aty csvad 2 AHelgoh g ddele Y, =29 F
&, AW F&, A=, A=, dFF FE7 23 Ja, ole
F3 Azo)| ZAT o AEEHTL

A B C 2] E G I ] K
1 ®3s HUY HIS(H/0 B2 AY AU VARSI AWV T SU/INQ VI AWITE VR IWIUR FRAUZIZHFE AU BIO0IY AT
2 ams 034 98 42478 388 15 032 124 104 48, B4
3 s 099 416 14538 141 s21 0s 113 126 Y4, 7A
4 2§ 094 405 2198 108 136 1758 131 122 B4, 04, /A
5 |Sug 095 422 25921 09 137 128 121 1284
6 UEE 096 425 10846 346 081 2 098 135 4%, #A
7 otz 102 434 8761 167 108 217 084 121 84
8 oEIE 109 392 26257 317 075 15 121 113 28
9 WS 084 504 31181 383 217 1492 172 115 48, Ay, B, oy
10 Y828 095 425 21306 158 175 2154 129 134 34, B4, BA
1 Mol 092 a2 24747 117 142 a17 115 136 B4, B4
12 Yol2s 095 414 17344 125 158 905 176 108 #A
13 #0138 082 377 29466 308 084 2 123 121 54
14 Woias 096 373 16528 375 099 i8] 116 121 4%, #A
15 4% 04 452 18939 046 254 2217 115 107 24, B4
16 #Y1S o087 437 2698 1665 208 15 169 132 48, Y4, D4, FA
17 $42018 034 406 2014 308 23 158 128 12 94, B4, 80
18 fHOIES 089 445 1836 161 27 283 115 1119y
19 58 098 a7 3078 3n 117 208 104 088 4%
20 RS 0s1 454 26105 03 121 192 13 125 B4, BA
21 A2 091 444 33663 5 6 35 103 115 48, 94
22 us 095 457 9407 812 183 2183 093 082 4R, BY
23 wa1s 093 392 15438 492 05 2117 116 139 48, B4, 8
24 3328 092 443 19843 u 083 15 123 122 %A

<19 2. A% AW dolEd
(29 2l £ o¥ HolHES $Use AFHo2 39
@ dolgelth #E HolHE +ue FFUCHE B 4
Nte FHoE AsgEd, ok ¥} 448 + dE
A3t ol9o] & Bdol gty BEY] WEolTh

23 BujdlolE ¥4 2 A3

‘CSP mrtel @° o) wulHlolEE AlFwol of HujulolH
g o J14 dolH@E AL, A o)L, Ae
% A5E, FE DS BEN ¥ A vy Bues U
¥ ol Bl dgetel 24 vive AR 7 ARFL

A &3 = ZHolth
2 9 o2 tensorflow HEW 7]1&S AE5 ] §g 99 7
4 HolHE 8 gom Y vingd wEd Ay goz o

£ g BEE @

2.4. 3424 Nz AA

)

Google Cloud

docker

Server (GCP)

Client

<9 3. Mulx Fx5E 9@ &8 golayed

F M=+ VSCodes, 7NEdol= JavascriptE A8 st
i, AMe 2 FEEE B =AE €83 mongoDB,
node.js, Nginxg <dsste] wj=xgty. Fgo]dE+= Reactjs&
g8 Ao #HolA m= ol BAL 24T 4 A

TR HoHE a&Ho®E Uy S8 7oty apigt
apexcharts ol B g & &g ad 31

EOEO|Ef2t ZBH|O|E & HEH T 4 2M ALY
Jm 4 L

CHZS AT

O
oo Ry s
0 S
J 3 \ W
i 3 \ S

118 259 FHMHF bl
1. 0l
2.01412 € - b
<2E 4§ HolA A& A BT 3w
Hoj1§

YY7IZt H2 oY US

B2 ()

136 147 e

#AeNE 4270 waE

Seiw |

PELT) (. Lo
. Hons 4124 147.92%
su7 254
EEXETES
- wons urary
| su7 22189 o = *Of&p

A, g HolAo H&EE Aol AT o5, Ud @
Aol o HiwE WFrl T, LEZE FAT PH o
FAE AE7) =1 npe~E Y §d 3FTHEE v
FRIE Fo HolFH T AFE MZS uPEEdad 41
PHEe FYsd g 5 P2 AWAA BUFa 1 F
e FRES Wwolen g mHeth Ao X g &
o Zh# wWA LAV vAR FAE AERE RHAFEL 2%
ol apexchartss Z-§3l WolL HRES AZtesth. Hot
FA7INT BHAFE S G2 zE, d B&S Aoz
et H7#9YG7|z 2 ZdE w3 gHos £



TH FagarIe 2AAEE, o] ARG w2 I
< 7 4T mE A FoHd 5l

4gedel s AL A8 FAE Astel, B
H

EE
FUIEHE FHSL Bt 0B A AN THSE B

A v g, A9, $EAT, B

Asta o2 AZstgonn FHe 8
= giol sotd & 3ck

G e ASHTH g 477k ohd T xele

S3Etth g REE AFEE o, AE vE

Y 2l T g Fo AT

i r;p

ARRE Aot wE FolA frEd dFol o
FERE & F A Ao
olg T8 &EUEL AW solAM Tl Fdste A
of FYTAE Hlud F & Aol o 2R B =
=& € Zolgk gt

Uolzk diolE o] ¢ol ¥ FHH 1 8T 5 ntd g =
BSOS BAANE S Aotk B3 HE3 bolH 9
= oE Hokol HolHE AlgRol Hgsta 4 AAE vhet
o mEe] A AFYL 8 /4L Aotk olF
T HFHLE Ao WF FARH Az"2 Agste F
AFo s BAT = Y& Aotk

A AR T
"B ATE AV EPRFAR R BTN/ ENEAEY
sw FAWSE Aol dPANE SRS (2021-0-01082)

3 a

e

i
e

[1] o184, ZE2 192 Q3 Fa) Hxd u}
Ql E4, 2021

[2] @3B ERF A AT

e 4F 2

i

o

EdE XA BIA

T3 AEY Ato]E
(1] 7}7+ =4 API
https://apis.map.kakao.com/web/
(2] 4774 SFoly xd

https://www.suseong.kr/index.do?menu_id=00001145&servletPath=
%2Findex.do



P
0X
02
10
iy
0
09

o
JQ

T

ol

r
_\:':_l
=
—
ro
=
T
Jx
AL
Jz

A=0stm COMP ol

pauleditor@gmail.com, musulmon@knu.ac.kr

Theoretical analysis of forward and backward propagation

in Neural Networks

Musulmon Lolaev® Anand Paul
CCMP lab , The School of CSE, Kyungpook National University

Abstract

Artificial Neural Networks(NN) is one of the widely used method of Machine Learning(ML) for
solving various types of artificial learning tasks such as Supervised, Unsupervised, Reinforcement
learning, etc. The real-life issues require more complicated algorithms to achieve expected results,
especially while modeling unstructured datasets like images, text, and signals in real time. Many
models have been developed based on NN including Deep learning. NN is a “black box” algorithm,
therefore, in this paper, we will clarify its theoretical background by providing more sophisticated
examples intending to compare its distinctive properties

1. Introduction

Over the last two decades, the computational performance
of computers has increased significantly, and as result, large
numbers of ML algorithms are available in order to model
various ML tasks along with object detection, machine
translations, and signal processing. Additionally, efficiently
storing huge amounts of data from social site users and
industries with the fast speed of the Internet provides data
for sake of training, testing ML models, and applying them to
industry problems. On the other hand, giant data warehouses
from various sources often affect negatively the performance
and make rising up the problem of Big Data [1].

There are many ML models that have been proposed for
developing  technologies —without human intervention in
individual fields including medicine, and industries after the
invention of computing machines. Even history of NN back to
the middle of the last century, its models are utilized to
achieve expected outcomes for the most problematic fields
such as machine translation and computer vision, and powerful
improvements are regularly proposed.

The idea of NN was named perceptron and the first
artificial NN was invented by psychologist Frank Rosenblatt in
1958 [2], and the first many-layer NN which is called
nowadays Deep Neural Network was created in 1965 [3].

This paper emphasizes how NN and its forward and
backward propagations work with various properties in
classification tasks by supporting graphical examples.

2. Neural network architecture

Let” s denote dataset objects(x(l) y(') )N where 7 - the
’ i=1

number of objects in dataset, - features and

x e R"

- target (observation) value of object j. The

y(i) eR
following formula (equation 1) illustrated an one-layer linear
NN model for linear regression task:

F0 =25,

where - learnable parameters of NN, usually called

weR"
weights of features.

Parameters ware learned by minimizing cost function using
gradient descent optimization (GDO) for any given datasets
(x(') ) )N separately. There are several cost functions

V)
proposed over the years for modeling numerous problems, the



least squares error (LSE) cost function is widely used for
linear regression tasks [4]. Cost function is shown in equation
(2) below.

@)

2l

The analytical derivative of LSE for moving next step
(updating parameters w) in GDO

3

In general, finding global optimal parameters W using
equation (1) for linear regression can be solved
analytically by applying a normal equation (usually
named Ordinary Least Squares), but it has many
limitations in modeling real-life problems. In contrast,

1 f1=xq 4wy

*1

Wy

X2

GDO finds the local optimal parameters w.

3. Forward and backward propagation

The key idea of GDO is feeding NN forward and backward
several times and updating parametersw slightly in each
iteration to get the local optima based on minimizing the cost
function value. The following Fig.1. shows how it works in the
one forward and backward step using more accessible NN
architecture. After computing forward step, the derivative of
the cost function with respect to parametersw, is computed
and then the backward propagation can be computed
topologically reserved order of NN uses the cost value and
chain rule

¥
=
CD
v

Figure 1. The illustration of forward and backward propagations. Initially, there are 2 feature value in black and 2 parameters
value in green which are used for computing one step forward, and backward propagation.

oL_oLy @
ox Of ox

where flx,w) - function in each gate. When moving

to back, it requires to find the partial derivatives to
compute for each step. For first step of back propagation in
the Fig.1., the derivative calculated following using equation
4)

dL_dLdf ©
dfy df df
where g1 d and =3- After applying
a
them for equation (5), the derivative will be g7

d;

4. Activation functions

In classification tasks, NN attempts to build hyper plains
which separate space into several subspaces, and the number
of subspaces in each layer is independent of the number of
neurons. Fig. 2 shows the multi-layer NN architecture

Hidden  Cubpui

(O—

Input

Figure 2. Multi-layer NN architecture.

Each neuron has its own activation function which
computes input values as one value in fig. 3.



Figure 3. One neuron with an activation function.

There are several activation functions for developing NN
model, and almost all of them build decision boundary
differently. Therefore, choosing the best-suited activation
function for each neuron affects significantly the
performance of the model. We will provide visual illustrations
for understanding how they affect in the task of binary
classification in 2-dimensional space. The fig. 4 presents the
decision boundary when applying the ReLU and Sigmoid
activations.

b)
Figure 4. a) max(0, f) - ReLU activation functions

decision boundary. b) 1

f(xaw):—_wx
l+e

activation functions decision boundary..

- sigmoid

5. Loss functions

Estimating overall model error, and updating gradient
descent parameters based on the cost is one the crucial
indicator which affects reasonably the performance of the
model. Softmax is general equation of Logistic regression for
multi-class classification task and given in the equation (6).

\ (6)
" ef),m
J= —Z log| —
i=1 Zef,
Jj=1 )

where (i) - out values of last layer, ¢ - number
(3

i
of classes in dataset.

The next loss function is SVMs(hinge loss) in equation
.

n ) ) ]
L= Zmax(O, p —yﬁ’))
i=1

(iy - correct class

Ve

scores. Briefly, the two loss functions compute the
overall cost differently, the first function sums correct
class scores while the second function computes it
subtraction between other classes and correct class
scores.

where y(/) - other class scores,
0
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The development of deep learning technology in the field of image processing has made it
possible to apply deep learning to various fields based on images. In addition, medical
image-based deep learning technologies are being applied to diseases in various areas such as the
chest, brain, and other body parts [1]. Among the diverse reason for death, like heart attack,
cancer, and another disease that the human eye is not able to predict at the initial level
coronary artery disease (CAD) are the main worldwide reason for death, According to World Health
Organization (WHO) [2] statistics about 17.9 million humans died from cardiovascular disease in
2019. The cause of the Coronary artery is wasted, or calcium accumulated in the walls of the
coronary artery. Cardiovascular disease can be predicted by using Coronary Artery Calcification
which measures the calcium in CT images.

Where deep learning indicates CAC and radiologist determine the accuracy take a lot of time. In
recent studies, automatic CAC scoring methods have been introduced. In this paper, to classify
voxel our model used the Encoder[3]to extract sharp and classify them to achieve better accuracy

as compared to previous methods.

1. Introduction and Background

Depending upon the occupancy and non-existence of
coronary artery segmentation CAC scoring method is
evaluated. That consists of a two-stage process. In the first
stage giving cardiac CT images, coronary arteries are
segmented [4]-[5]. By excluding the area of the coronary
artery, it helps us to easily evaluate the CAC. However, if
you want to compute the CAC score is only detectable in the
coronary arteries. Lessman et al. proposed a method that can
calculate CAC without coronary artery segmentation thus we
can skip the first step. In contrast to that, it proposed an
automatic CAC scoring method that consists of two CNN
models sequentially [6]. The purpose of the first CNN model
is to detect global characteristics like structural position and
leads to the second CNN model that helps to obtain spatial
information most likely size, shape, etc. This model gives a
new idea where we can skip coronary artery segmentation
but follows one drawback. The performance of the model is
heavily dependent on the first CNN if it does not detect the
calcified region of the voxel second CNN model will not be
executed

requires a lot of data, which uses a lot of bandwidth of
network in IoT system.

2. Methodology

This section gives a brief and detail about datasets and
also describe the method used for classification purpose.

Ercody fub-
Pt 1

Encotu Sut- ||
=

Figure 1. Proposed Model
2.1 Dataset

The above Figure 4 Input images consist of 2-D voxel
patches from Axial, sagittal and Coronal images that fed into



the encoder and by using feature extractors we can classify
voxels into different categories.

2.2 Data Preparation

We have 438 CT images that consist of 2.5 mm slice
thickness and data has been classified into train, valid and
test data. Test ration divide by 0.6:0.2:0.2 that randomly
selected 264:87:87 ct.Normalize pixel value using mean and
stddev. Minimum and maximum values clipped between 2000
and -1000 respectively. Intercept value and slope value are
required to convert the value loaded from the dicom file into
HU value by using Equationl

HU = ( Value * slope) + intercept (1)

Histogram Equalization has been implemented that helps to
increase the brightness and contrast the images

2.3 Encoder_EMR Model

Encoder

The encoder plays a role in learning information such as
the size and shapes of the patches are different depending
on the converted size. We have used two sub- networks and
sub-networks are sharing weights. Sub-network structures are
the same, however, generate feature vectors of the same
output.

Classifier

The classifier is implemented in that helps to classify the
voxels into different categories. The classifier consists of 1
fully connected layer that takes the concatenated vector as
input.

EMR-CT Model

EMR data has been classified and by using the late fusion
model it has been concatenated with the CT classifier and
with the help of sigmoid classification we can predict voxel
calcification.

[ CT data H CT-Network |
\ EWR Data H EMR Network

\ — Caronary Artery
Walt-Mogal Ntk b i

Fig. 5: EMR-CT model

3. Implementation Details

In this section what parameters and framework has been
used will be describe.

3.1 Setup of parameters

The entire model implemented is based on the deep
learning framework TensorFlow 2.4.2 and the GPU used for
training is Quadro RTX 8000. The training of the model was
conducted using Adam optimizer [7] with a batch size of 50
for 1000 epochs. The initial learning rate was set to 0.0001

4. Result and Discussion

In this paper, the prediction performance of the proposed
method was evaluated using Accuracy 2 and F-13 Score

Accuracy = TP + TN/TP + FN + FP + TN
)]

FlScore = 2 > precision * recall / precision + recall
(3)

The encoder which extracts features from the input image
plays an important role in voxel classification. The
performance has been measured by using a neural network
of Encoder based on Resent, Densenet. The results have
been classified and compared using 5-cross validation

Encoder Based CT classification

Encoder-DenseNet
F-1score | Acc% | F-1score
94.18% | 0.9052 | 94.96% | 0.8705
93.90% | 0.9319 | 96.21% | 0.9286
91.64% | 0.9277 | 95.77% | 0.9443
91.92% | 0.9164 | 93.06% | 0.9349
89.20% | 0.8759 |95.50% | 0.8749
91.14% | 0.9214 | 94.08% | 0.9108

Fold Encoder Encoder-Resnet
Acc% | Acc% | F-1score | Acc%
Fold-1 | 90.1% | 0.8948
Fold-2 | 92.6% | 09173
Fold-3 | 91.7% | 0.9312
Fold-4 | 944% | 0.9166
Fold-5 | 96.9% | 0.9108

Average | 93.3% | 09123

Encoder Based CT-EMR classification

Fold Encoder Encoder-Resnet Encoder-DenseNet
Acc% Acc% | F-1score | Acc% | F-1score | Acc% | F-1score
Fold-1 | 93.40% | 0.9018 | 96.94% | 0.9125 | 95.45% | 0.8710
Fold-2 | 93.57% | 0.9391 | 93.46% | 0.9444 | 94.78% | 0.9351
Fold-3 | 93.07% | 0.9275 | 93.41% | 0.9390 | 93.81% | 0.9299
Fold-4 | 93.40% | 0.9344 | 91.92% | 0.9194 | 94.06% | 0.9247
Fold-5 | 94.53% | 0.8876 | 9520% | 0.8649 | 95.89% | 0.9249

Average | 92.99% | 0.9246 | 93.74% | 0.9419 | 94.98% | 0.9218




5. Conclusion

Heavy smokers undergoing screening with low-dose chest
CT are affected by cardiovascular disease which is the global
leading cause of death. Coronary artery calcium scoring is
one of the most common methods to detect calcified plaque
in coronary arteries one of the major future causes of
coronary artery disease risk. Recent development in deep
learning is exceedingly popular in medical images, however,
very few models have been developed to integrate both
clinical and imaging data. In this study, we developed a
multi-model architecture that classifies the low-dose CT
images with EMR data by using multi-scale encoders that
classifies the coronary artery voxels. Recent methods in deep
learning classify calcified pixels(2D) or voxels(2.5D or 3D) and
calculate the CAC score. Dataset has been provided by Asan
Medical Center in South Korea. By usig the dataset in this
study we have used 438 patient CT-EMR data. Our Encoder
base multi-scale achieved 94% accuracy as compared to
other models that have been used for similar classification
purposes.
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Falling Detection of Workers using Deep Learning with Sensing Data

Jabeen Shaisata, Hong Bong Hee

Abstract

Any nation's development is greatly influenced by the construction industry. The workers at
construction area have high risks of danger to their lives and needs to be fully alert and active as
they are working with heavy machinery. Wearable fall detection systems that have sensors are
considered more accurate and efficient as they are easy to carry with workers and does not
become a hurdle to their work. As workers have to work with heavy machinery for a long time
and other environmental changes can cause accidental fall which is great damage to the health of
workers, as it can cause injury and can be the reason of death as well. In this study an
open-source dataset is collected using wearable sensors while performing some regular tasks. The
data collected from gyro and accelerometer sensor is processed and clean and then the learning
model is applied to it. CNN-LSTM based model for detection of fall is introduced and applied
together because of CNN feature extraction capability together with LSTM as its popular for its time

series ability.

1. Introduction and Background

Today, fall detection is one of the major concerns of
construction industry. Fall accidents are one of the major
causes of serious fatalities and injuries at the construction
sector. Falls are a leading cause of injuries and can lead to
devastating disabilities.

As there are many methods and systems introduced to detect
Fall. One of the systems uses the sensors as accelerometer
and gyroscope, as these sensors are attached to person
whose movements are to be observed, these sensors generate
radio waves which are examine on a screen. The fall
detection devices use three-axis data.

One of the leading causes of fatal injuries in older individuals
is unintentional falls. According to [1], more over 25% of
those over 65-years of age experience fall and the ratio
increases to 32%-42% for those over 70. Additionally,
between 30% and 50% of residents of long-term care
facilities experience falls each year, with nearly half of them
having repeated falls. 40% of injury deaths and 20% to 30%
of mild to severe injuries are caused by falls. In the US, the
average cost of a single hospitalization for fall-related
injuries among patients 65 years of age was $17483 in 2004,

with a prediction of $240 billion in total expenses by 2040.
As per alarming situation a reliable and accurate model for
the detection of fall is therefore needed for society.

Deep learning has been used more and more in fall detection
in recent years. In order to streamline the data preprocessing
procedure, Fakhrulddin et al. (2017) [2] introduced an
algorithm with a detection of fall accuracy of 92.3% as it
transforms accelerometer data into RGB images and
categorizes them using a convolutional neural network. Deep
learning-based techniques can’t be installed directly on
embedded device; thus, the data must be sent over the
network to the server for processing. Although this method
can cause some delays, it makes it easier to monitor the
movement status of the elderly in the park in a unified
manner to provide prompt rescue in the event of falls in
situations like nursing homes. To detect a fall, the method in
[2] still requires a lot of data, which uses a lot of bandwidth
of network in IoT system.

We suggested a fall detection model which is based on
CNN-LSTM combine together to address the aforementioned
issues. The model uses neural networks to extract the
information automatically and classify them without the need
for a laborious preparation step. In order to save data, the
three-axis accelerometer’s raw data is first converted to the
resultant acceleration value before being transferred to the



CNN-LSTM network for categorization. It is ideal for IoT
applications since it just requires a fewest possible data to
complete the fall detection method. The model applied to
dataset [3] shows the accuracy of 98.97%.

The remainder of the paper is presented as follows. Firstly,
scheme and model utilized are presented in Section 2. The
dataset and experimental parameters are described in Section
3., while Section 4 shows the experimental result achieved on
a selected dataset and its comparison with other works.
Section 5 includes the conclusion of paper.

2. Methodology

This section gives a brief and detail about datasets and also
describe the method used for the detection of fall.
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Figure 1. Proposed Model

2.1 Dataset
The data is collected using sensors’ gyroscope and

accelerometer. The motion data was specifically recorded
using a mobile device equipped with the LSM330DLC inertial
sensor (3D accelerometer and gyroscope) [4]. The dataset [5]
acquired with sensors includes a daily living scenario, which
is a combination of seven different Activities of Daily Living
(ADL), and four different types of falls from a total of 66
individuals with more than 3200 trials. The dataset makes use
of the Samsung smartphone which is integrated with sensor.
A frequency of 200 Hz is used by the phone’s sensors,
gyroscope, and three-axis accelerometer to collect data [4].
When performing the fall, it was observed that the falling
takes between two to four seconds, So the data is selected
on this parameter as 4 sec at a frequency of 200 Hz.

Both sensors together with device sensor makes the
recordings of data generated. For the purpose of data
capture an Android application was developed that records

raw data for acceleration, angular velocity. This provides the
highest possible sampling rate. The signals can be subsampled
at any time if lower sampling rates are desired. For the fall
simulation a relative hard mattress of 5 cm in thickness (as
used in martial arts) was utilized to dampen the fall. To
ensure that the individuals completed the proper fall in a
realistic manner, the authors pay special attention on the
participants on how to do each fall.

2.2 Data Preparation
Data preprocessing is essential in any machine learning

application for increasing the model’s effectiveness. When
analyzing data, the first step is to ensure that the data is
correct and cleaned it is the part of Cleaning. Four main
cleaning processes for data from wearable sensors are
suggested. The acceleration data should first have a
low-pass filter applied to it to reduce noise. In order to find
any extra incorrect data, or data that were not fixed by the
automated filtering in step 1, the collected data should be
visualized in order to be checked. Possible examples of
inaccurate data include activities that are fall-like were listed
first, which is based on certain requirements. In certain
sequences, the subject is seen in a variety of positions, such
as sitting on a chair or getting in and out of a car, and is
often motionless at the end. Examples of abrupt or rapid
movements that are analogous to falls include jumping and
sprinting. Regular daily activities include walking, standing up,
and ascending and descending stairs (sometimes known as
“stairs up“ and “stairs down®“). Third, any observations that
were made outside the experimental window should be
removed and the data from the various sensors should be
synced. The information is kept in ns along with its
timestamp. The actions and subject data are stored in the
dataset using an SQLite database.

As a result, the best models can be selected by sensing a
greater grasp of the data. Once a model has been selected,
the data can be pre-processed to enhance learning or the
best understanding the model can have. An CNN-LSTM
network that utilized floating and integers was trained using
dataset. All of the data in the features were subjected to
normalization in order to increase the machine learning
model’s accuracy. Before being used by the LSTM model, the
data for each feature is modified ~We employ the
normalization procedure, which involves subtracting the
minimum value from the data set and then dividing by the
data set’s range, to construct the recurrent neural network.
Additionally, the preprocessing module contains the
“MinMaxScaler® class, which is used to scale the data’s
range.

2.3 CNN-LSTM Model
After the preprocessing is done the data is ready to apply

the model. The sensors send the sequence of the resulting
acceleration data to the input layer. If and are the values
from the 3-axis accelerometer, the resulting acceleration can
be determined using the following equation:



a, Z,/(zi-l-(zi—!-(zf

Each convolution layer in the CNN section of the network is
made up of a 1D convolution, a layer of linear activation,
and a layer that maximizes pooling. Additionally, batch
normalization layer [5] is used on the network to enhance
model correctness and convergence speed. The goal of batch
normalization is to ensure that the model’s nonlinear
expression capability while changing the variance’s magnitude
and mean position to make the new distribution more
consistent with the data’s actual distribution.

To make sure the model can learn enough features, two
LSTM layers employed. Highly abstract features are
generated by the CNN and LSTM layers, and these features
are subsequently translated to the sample marker space by
two completely linked layers and a Softmax layer. This
network’s loss function is provided as follows.

N -1
Loss :_% Z‘B [v; Ing; + (1 — »)ln(l — a)]+ A°
=

where N represents number of categories, shows actual
output of neurons, displays the expected output. To increase
the network’s capacity for generalization, an L2 regularization
term is applied, is the regularization term’s proportional
parameter, and represents the network’s weight.

3. Experimental Analysis
The suggested model will be tested against the dataset in this

section to determine its effectiveness and viability.

3.1 Setting of Dataset
The experiment includes, the data on 3-axis acceleration to

determine the resulting acceleration after the dataset is
decreased to create the signal with a 50 Hz sampling rate. In
order to verify that the model uses the fewest possible data,
additional information from the gyroscope and accelerometer
is disregarded. Seven different types of Activities of Daily
Living (ADL)s are chosen for the training of model, along
with fall behavior. Figure 2 displays the acceleration curve of
some activities from daily task.

walking

jogging

acceleration(g)
acceleration(g)

200 50 100
time (x0.01s)

@D an

100
time (x0.01s)

falling

acceleration(g)

0o
time (x0.01s)

am

Figure Z Curves of acceleration for various Activities of Daily
Living (ADL): (D walking acceleration curve, () jogging
acceleration curve, () falling acceleration curve

Given that falling takes between two to four seconds, we
take 200 samples starting 4 seconds the moment fall occurs.
5,890 train samples and 1474 test samples, with a total of
80% and 20% of the experimental data set, respectively, are
acquired. 15% of the train set is utilized as a validation set
during training in order to ensure the generalization ability of
model.

3.2 Setup of parameters
For the following experiment, the CNN-LSTM model is

constructed using the deep learning framework, Keras. In
Table 1, the parameters are displayed. In order to compare
results, Additionally, we train a 1-D CNN and a pure LSTM
with the same parameters.

Table 1: Setting up the training parameters.

Parameter Value
Epoch 300
Optimizer Adam
Batch size 32
Learning Rate 0.001

4. Result and Discussion

On the dataset, we tried a variety of models. Figure 3
depicts the training procedure’ accuracy curve. The
experimental findings indicate that the CNN-LSTM network
has a higher accuracy than the 1D CNN and LSTM network.
Additionally, as evidenced by the data, the CNN-based
network converges significantly more quickly than the LSTM
network.

axcuracy

o 50 100 150 200 250 300
epoch

Figure 3. The training process’s accuracy curve.
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Figure 4. Confusion matrix.

Figure 4 displays a confusion matrix representing the test
outcomes on the CNN-LSTM model. In seven different
categories of daily behaviors, it is demonstrated that the
classification accuracy for the CNN-LSTM model is 98.97%.
The fall behavior has a detection precision and specificity of
98.61% and 99.77%, respectively. In order to support our
study, we check the sensitivity, G-mean, and consistency to
support our claim. With the sensitivity of 94.08% the G-mean
is 94.08% while the consistency lies at 19.8%. In the
meanwhile, we contrast the outcomes with a number of
different algorithms tested on the dataset. We contrast the
number of categories, sample frequency, and classification
precision of ADL. It should be mentioned that some
algorithms use binary classification methods, which means
that the classification accuracy and fall detection precision
are comparable.

In order to determine whether the model is appropriate for
[oT applications, factors such as the number of categories
used per second and as part of the comparison set, the
relevant sensors are also displayed in the table. Table 2
displays each method’s outcomes.

Table 2: Comparing various techniques for the detection of

fall
Study Sample No. of = Method Accura = Sensors
freque catego cy in
ncy ries classif
ving
(AkramB 100 4 Support 91.20%  Accelerom
ayat, Hz Vector eter
2014) Machine
(Ivan 100 5 Deep 89.51% magnetom
Miguel Hz Neural eter
Pires, Network gyroscope
October
2017)
(Fakhruld = 50 Hz 2 Convoluti =~ 92.30% = Accelerom
din A H, onal eter
Novembe Neural
r 2017) Network
Ours 50 Hz 7 CNN-LS 98.97%  Gyro
™ sensor
Accelerom
eter
Table 3: Fall Detection Model Performance
Method Accurac  Sensitivi = Specifici = G-mea Consisten
y ty ty n cy

CNN-L  98.97% 94.08% 94.02% 94.08% @ 19.8%

STM

5. Conclusion

In this paper, we suggested a CNN-LSTM network-based fall
detection algorithm. The dataset’s average classification
accuracy for seven different types of ADLs, including fall, is
98.97%. Additionally, the fall detection accuracy and
specificity are 98.61% and 94.02%, respectively. Instead of the
3 axis acceleration data, the model requires the resulting
acceleration, which results in a relatively small data volume.
This study of creating a model for fall detection system can
be shown to be an inventive technique to control injury and
mortality rates by offering proper medical care in the event
of an early fall detection. If used in the works below, the
CNN-LSTM model can make building sites more convenient
by spotting falls earlier.
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Dept. of Computer Science Engineering, Kyungpook National University
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Design and Implementation of @ WebRTC-Based Real-Time Image
Sharing and Monitoring System

Wongeun Lee®, Seongwon Lee, Myoungbin Choi, Yongtae Cheon
Kyungpook National Univ. Department of Computer Science

e o

RTC(Real-time Communication)gt & EctRME &HEE MZE2 HESZ, 2H4YsS S8 A& 01U,

Statg|ole 22 HEW ¥2E 4+ JUZ= o), S8 A2 Jisoldl stth. WebRTC= RTCE Web

J|gto2 Xeldsts JI=2 MH BEECR, J|I2XMOo2 AUHYU(P2P, peer to peer) EAl2 XIKSHKIBH O]

Clo AHE FR=stChE 10 2012 AEZIYU(1:N)OILF CHAFZ2E SA&I(N:N) LE8t 280l Jisolth 2 o3
A

t Ol
WebRTC2t OICIH AMHE 0I1&8 CHA2 stat S0 ol AJHotll, 012 SE8 FAMHBIAE &

T MEXL 28 AEdE =

e r

[l

b

LA &
2.1. WebRTC

oA e b digh #A, EUHHES HAFRE
FAA Hojgtth o)t Atae <o AW IS E Fo]  WebRTCE HollA A3 Zoomoly Webexz-2
71 el e oA 2 AA ZBUEP Y Fedo] tiF  ARl2gE HEA EEY AZEoY E8 1% Fl
Hu o =g HF Z2UH19E QlE] A-HE AVIE flolxE AAZE FAlo) JhEEskAl sl Zlsolt SHA|
HoHA 4 3o FHIHH AFUE o] &43ty ®F 7|[EH o2 WebRTCE P2P Ao 2 HolHE Fi
AtE3) g 7HE FE oo ®o] AREHE FEFLE We Jdolr] Wi 87 FH = ARAE AlFshe Aol
WebRTC(Web Real-time Communication)QlHl, ¢o]= ¥ ofHth o|z{g P2P o= o9& WebRTCE NN
AAAEH, P B3 248 ¥ I T SAHolBEE o FAE TSy fE el 37kA d=dl Mesh,
YA CCTV ZUHHAY FAA 344397F 7lssty ¥  MCUMultipoint  Conferencing  Unit),  SFC(Selective
o Zyaglely F7F Ax7F FastA ol AL&A Forwarding Unit)o]th.
Hel o] o) oo B =% CCTVe sHd3le] &3

LAY AT G3TH 2L RUHY A29e

A 5 TSkt

28 8

WebRTCE o] &3l ottt H54lS Fd3s7] YA AL
gt A= 93 2th WA Nodejsg A& Al1d®
AWollA z} FEfo]AEE WebSocketel]l AZs| A2 4l
32 B 4 A 3tk olm NATNetwork Address Mesh MCU SFU
Translation) 732 A}-&3ta] Private IPollA Public IPE

HEls ol st=d, COTURNES #83F STUN(Session

Traversal Utilities for NAT) A1¥ ¢} TURN A ®(Traversal A Meshl%l Lowleje Ao A U

Utilities for NAT)E &&3] NAT 3734 = P2PE flo .

Dol ABAEE Dt oF Kueno olFlel Aw  Mesh #He RE Seleder BE Fdeldes @
S |83l WebRTCO] P2P 5412 Tt 97z shgs A= 22 w2 AMS 77 %71 mod 7ol
L CCTVSh= dzs) A1dd Amsh CCTVe| oy /Fe TR SiAEh Sefeldl=sl 47b )= Sofd
A 2 e A 3 ZFgoldETY n-171, = n(n-D/271e] AZo] =H
83lnE YEYT 2EH FEIG fEo] Zt Fgold
E 2949 wWEzEy CPU AMSEE AA A0

=

al

=
=
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ol k. olel@ wA W] thitm viEle] AW =
A AEEAE gk

B. MCU

MCUMultipoint Control Unit) ¥F24]-& Aujo A nE
ZolAES HoHE e F 3 W AHuste A
23t FEolAEE AR AAT dd Hry &
of Z+ Zo|AdE BepeA o wmey CPU A ZFE
Ha, Fgo|dEV Be WE BEE FHo|dEE d4
& Fart gl7] wiEol] Meshi2th Aol Eoh 12y
T Aol BE FEo|AES HolHE HesloF 3}
7] wZoll Aol & tiqE g Hojd Fee CPUS v
R E a7%te 9ol itk

C. SFU
SFU(Smart Forwarding Unit)2 Z&lo]dEE ] 39
HE »Efo] old 77t 27l(eY L, nHige)R e E
AE 7 dd 2EFES % 3 AHE g2
Jzdoly tay glo] Sgo|dEe HAIst= 7lswt
Fgith. 2 E2 MCURY 875 E AW Adesols
A gotx HE Fo] & Aol

B AT MCU 4ol SeholdlEs] Sgaol 4
Ui 7 ZoldE HeleAd Ruo] gin: e

a3 MCUR wtfo] AHE FHAT
2.2. Kurento

A. Kurento-Media-Server
NN T4l 73371 98t MCU #4& A3t d
4 mgol AwrE " as@h Kurento(Kurento Media
Server, KMS)& WebRTC Z#: &S /IEd o Al8H&
HHHE|YHo AW H7|AE, LEL FHYFO|GH.
B Ao A= Kurento-Media-Servergl= & A2 &
AES 83t ol 7Y F YUTH

B. Kurentoe] =&
Kurento= Media Elements¢} Media Pipelinee] 2= F+
7FA Aol 71Rks T 9low HtolE EEA SR
2%ttt ElementsE Pipelineo] @AZAsle] HolHE F
tEnE JiE S ok obF H#AAQ HZol THsHl
). Media Elements 70d <Fell Endpoint7} Ex)stH -
g7 "QaF 3  Endpointe=  WebRtcEndPoint<}
PlayerEndpointe]t}.  WebRtcEndPoint”} ®FZ  WebRTC
7S F93te F418t= Endpointelw F&o|A 2zt
ClientEollAl &=l mlHo] 2EfHS Adst] =
Zloltt. PlayerEndpoint&= CCTV(P H =D
RTSP(Real-Time Streaming Protocol)& Media Pipeline®l]
A¢st= Endpointe]l™ &4 RTSP URLE &dido}
g2 ZE WebRtcEndpoint(+A)E°lAl CCTVY 9F4S
2~EgH 3= Zoltt

2.3. TURN(Traversal Using Relays around NAT) A H

SYo|JdESH HHo] Aurt FAE o), A2 Z2
24 HES IS AA Lot gsiEoly NAT 2HA
o5t M2 FAlo]l EVled & Atk AFAA A1
g S 98t TURN AHE F58t A7 ot o

o, X 429 COTURN =ZRAEE 3831
TURN MM E 5T F AUk

24. 74 &7

<WebRTC A{H>

£ 2E 7|78 ¥

ceTvEts ge £y, 84

STUNAH| 28 - NATZZOIA P2pELl 75
Maria DB - G| O|Ef#|0] & Mt 25

2E}0| A E(PC)

a9 2. g Falel AHgE WebRTC AW 7jox

7142 KT <HUS AZ3 IPTime &+
12 B3t ZF Ao UWEYA A4S T FAC

>
o
>
A,
2

lo

2!
}93 TURN AW E &8st RoA HId
A3 FA k. CCTVIP 7w 2hE VLCEE w
Jo]o} & &F3le] RTSPE HA ~EWS 3}
RTSP URLE &3t wtjo] A1} Pipelineo| 4
Zolth, AW} ATdH AW gzuE o
ALt 78S WA =E Nodejs&2, ZTRENE=E
HTML, Bootstrap Z#H ¢3S &85t Mestdnt. 2
AW E ol#A Windowoll Ao WSLely 7Hd MAls &
A &3 YolE B g uAE 830 24 Windowol A
o Bzt MEYZ 374 MY HA4L AFT 5+ AN

=

ofr

i by
Jfu
il

i xS ¥2 O )
R 250 )
o)

2.5. 7d W

A1EY 715 WebRTCoA AA AR X Ust= 7]
o] ofyr] W&o WebSocket APIE A&3sted Al
P& FHAT. FYolAETL ol H&Ed FHo T4l
< AZFsteE 1, NE ZEto]dE+= webRTCEndPoint,
KurentoClient, MediaPipelines 43| AZ3 Tt uvjtjo]
AH, 2gal vige] AWel F41317] 9]¢ pipeline &=
£ ZoldETL sAd Agdte 38 AAlolr] WE
of, AFEo] YA XL AR M= sy, ofd
A9ol= oln] AMAH pipelinex} kurentoClientE 7} <+
H.oleo] webRTCEndPointE A A sl 123t}

o] S FIAE 24 1dl =& 1t} FAlgte] 7}
ottt o] ZZAEofA thg o] 829 ©|o]EE mixing



3oy, 3vbe]  linkE 5 MCU(multi-point
control unit) ¥W4l-& AEHstPTE. =, ME STYo|UEE
FFAE A% F F N9 | Zastth 9o 33
< Sho|AdETE Eele g
stitel uplinkE A AAolH, ol "t FAe
3l A= downlink #do] FrtH oz HQads GAT
. °o]E 93 AA 7} composite} hubPorte] o}

Hzx FEo|AdET FTAlE AREES W 99 AR &
33 F F7IE composite¥} hubPortE Ay A3}
Composite 717t F&olAdES Ho|EE mixing 3t
3k W] 7] f3F 38 AAE o] IA, HEx H&ET
ZooldEVE xR YA, UmA SHoJEE 4
d¥ composites E# e} o] &3t o] Fof ZF FEo|d
EX Holo] J¥ hubPortZ A& compositeo] 1723
% 1E9lo] webRTCEndPoint2} HubPortE A3t} o]
Z 4 WebRTCEndpointe} pipeline Afe]e] uplink 18]z,
HubPort2} WebRTCEndpointzte] downlink, & 2702 #
Ao Ut FAS & F e AI2E9H AHE T

Rl

CreateHubPort{}
getKurentoClient{) - 2} EndPoint2t A ZEH HubPortl
EEEERCEERE L]

getComposite(}
> MCUR & - Ol & ¢Ek/

knndeﬁ_ﬁmi’]ﬂl -E_’L!% {8t mpo| 2ol My

BE0|QIE |-

CreateWebRTCEndPoint|
- 2t 20| AE 0] sl SH: EndPointt 4

O™ 3 AIEE MY T e E

3 48 N *F AT

%t} Start/StopoZ FElo]AE Hle] ~EFYE On/Off
g 4 93 IpCam Start/lpCam StopeZ CCTV ¥74E
On/Off & & St}

o] 24 WebRTC 78k AAZ 4

s 2 EYUEF
BEHRL

Nzt ZRER] Ao ™ WebRTCe]
A Be AAAT BEe FH10L WaX ge

AL & Aozt & = Aok

238U
[ 1], Aeg “zZ=u19, JdHE A E 71453}
STk, [Tolwr&ZIe] , 4165, p.10
[ 2 ] “Welcome to Kurento”
https://dockurento.readthedocs.io
[ 3 ] Thomas Sandholm, “SnoW: Serverless n-Party
callsover WebRTC” , June 28, 2022
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Posture Prediction Chair using Deep Learning based on Arduino

LAE

2q) 8 shele) B7o] WaaUA AYAY Aol

@ A7F

Pressure Sensor Data

Ju-Hyeong Kim®, Gyu-Hyeok Shim, Yong-Tae Woo
Department of Computer Engineering, Changwon National University

e <
20N KAl DE L StE AIAHS QIAIOILL AFR 20| iR 010/8 £Z0ICH JIE H=A0] Ot
HE=A0= xw 24 J|ze ML BOM OFR %2 Iz Hmm QIPECH A0l 2AS TME &
SIHMOZ IXA0IN, SUS SHS SIHAT HAKNC SR, I S AHES DA KA QIAID B
S Mg ERG BNS SHME=H JEXOR 2ESIL 0|01| = =R0As A o2 XA
OEE HH5D OBXS Holds Sof HNo| SHIE 22 NHMS D2 58 = A= AUIAES f

&5t ALH

2. 93Xy

2.1 o}Foli

o rr

de 71 AEE, FUdEddA AFSRFolY s8]l FH %S wolEo], LEDY ZE e 22 o %

T2 =

023

g AH 5o B 29l

o EA7E F7reka A ol AF SdF} S8 FAFeEA SAF FEFEo] e e ¥
ol dlez yetHm 5 5o ¥ £ n. dHiHE= Al=E Fo sty H4A A
s, A&7 AadsdAA AFS0S Blgc] w2 B £ e FAS o8&, AAE AAY F A

Z7ksta ok Aol U AL TAODE A, sxs
AEEgze] AL GRE oA ARsE A ARY AYRE PR AFHY. Ed oE

o) AR AAZ s Bdeel BRI A A, LAY MaxMSPS 26 SzEdAcls o

Aol Yelolth, HFZWFY FAE i Agw o vk eExzoly] HEe| ofFolnE Moz o

Aol A BEaE Akl B 10t Fadow FAHC A ZeAEE 9% 4 A

AL, EZE | ARE grolA ZH-sh= WU AZ]AL
59 AATAME Bo] st gl 29 Qe

oo A B Aol DojAWMA elxe] za TRV
A 7F ol B2 24| 2 %%‘: Aol ZaAo] Az AXA mSSE T W 2]d(deep structured learning, deep
T QTH1L &AW R ANFSO oxpo] obe m lcarning hierarchical learmng)[3]° oy HAHE W3
al 5K . o= ‘ R= Wo| 3L Ei =o 4o =xisl(abstractions, ThE
25" AAR gkeldle 74 S AAEA FF HHE A T = o7 w1

5 —3],7:] =} - o dHelHyY 33 AsE ioﬂ/ﬂ ELESECRS)| lﬂﬁ T=
) NS 89%5te AE AESE 74 S

L.

o

2 1y
#9,
stof

Aol

Pa EHS A L AMol AEHES Aok

B e=Rol At GHAAE A Ao M 2
Fgel A4S AXANA F7] 93] 67H AN 4

2 AAsh AEE AAE BT =3, we
dolge B7 e AzsE Bs) ddsin Frd 2

Stk AAE sy ot AAE Lol

a}ﬂ [<I=1 oHLE:MﬂA-]E 7]H}0§ 3} x].,q]ﬁ. ﬁLx% %‘E}'
— = Tl — hul = o

AE *lﬁuL(Deep Neural Network, DNN)-

ol & A% A¥ES AT AHEA

=

o2l 0 £2% JWoz 3 WY mE o
gEnT gola AT Aol ZrheA HAT. & olARAEEPR 94E RE(FH)Y Bd AP =7
AFHE AL AR SN AFH A D B4 DA ofFolni to A94AU ANR

G Agee Ao, & A Agel g
FEoA h2AE NASE] @ Foketm olok|@

> ot ol

oml

(mput layen) 3} &¥ Z(output layer) Alojol o & 7H4 o

Z(hidden layenE=Z ol  AFA17(Artificial
Neural Network, ANN)o|t}, A& AlAgwe gutbzQl <l
FAAL nptR 2 B33 8] A Y 3 A (non-linear
relationship)&& EAEE + Aot d& o, £A4 2



Huds 35 A5 AAT FRAME 4 EAV 94 1
o] 718 94s9 AT FAHLE 2dE & Utk :
ojlgf, F7} AFEL HHLE AR 9 AFEY
EAES 7EANZE F o AF AADe] olgg 54
2 HlsHA F3E JAFAAL vE] § He 5o fF
Hunit, node)ETtez2E B34S HolHE ZAHT
AA s =Tt
374 N A%
3.1 A= oz
ozt kHAA, FA, ofFolxE H235HS T
2.

¥ 33 doly 44

o] 5 2ol 27), WA FRol o)) GHMAE R woly £ Wwe PLPe] AAE AN v In
Ashe] obFol(Arduino)® Y@ AETh YHAM  ZAHA Hn AAE vRE FAHe oAl WolAA
k|
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Abstract—Prediction of Social Internet of Things (SIoT) data
traffic helps understand daily user behavior and helps ad-
ministrators manage devices. One of the most popular traffic
prediction methods in noisy environments are Kalman filtering
(KF), which is very simple and versatile. However, KF requires
a dynamic traffic and measurement model, which introduces
additional overhead and is often difficult to obtain. It is difficult
to obtain. In contrast, deep learning models in contrast, deep
learning models with recurrent neural network (RNN) structure
have been widely used for dynamic flow modeling. They have been
widely used in modeling dynamic models that evolve over time.
On the other hand, the long short-term memory network LSTM
(long short-term memory) is a variant of RNN which avoids the
gradient disappearance of RNN, which overcomes the effect of
short term memory. Therefore, it is more promising in predicting
SIoT data traffic. In this paper, we propose an LSTM-EKF, which
is a new deep learning unit that uses the LSTM to predict the
system parameters of the extended Kalman filter (EKF). Note
that the EKF is suitable for predicting SIoT traffic in a nonlinear,
noisy environment. The proposed LSTM-EKF can improve the
performance of time series data prediction. Prediction of nonlin-
ear SloT data traffic. Numerical experiments were conducted to
evaluate the SIoT traffic prediction performance of the proposed
LSTM-EKF method.The performance of the proposed LSTM-
EKF method is evaluated on a real dataset.Wikipedia web access
traffic data. The proposed method shows better performance than
existing prediction methods in terms of metrics of root mean
square error (RMSE) and determination coefficient (R?).

Index Terms—Extended Kalman filter (EKF); normalized
mean square error (NMSE); time-series prediction; LSTM;

I. INTRODUCTION

The Internet of things (IoT) is an interconnected system
of computing devices, machinery, and digital machines that
digitize the real world. The IoT has already affected people’s
lives, including transportation, housing, food, clothing, health,
and remote monitoring. Many home appliances can be con-
trolled through mobile phones and voice. Many applications
allow users to improve their quality of life and even enable
the elderly and the disabled to live more conveniently. MGI’s
report shows that starting from 2025, the Internet of Things
will create an output value of 3.9 trillion to 11.1 trillion US
dollars in nine environments, including factories, retail, and
cities, and the number of IoT devices is expected to grow
to 754 100 million, which is equivalent to adding 127 IoT
devices every second in the world starting in 2020 [1]. In
the next generation of IoT, the objects are integrated with
our social dimension, making them smart and social objects.

Limei Peng*
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Social Internet of Things (SIoT) is a new concept of combin-
ing such social network relations with IoT [2]. Under such
development, we have found a trend of social relationships
explosion which includes device-device relationships, user-
user relationships, and user-device relationships. To realize
the social interactions, objects should start establishing social
relationships based on the object profile, shared hobbies, and
social activities. As shown by Fig. 1, these social interactions
can be classified into the following types: a ‘co-location’
relationship, i.e., objects are close in geographical location;
a ‘co-work’ relationship, i.e., objects work together for some
work; a ‘parental’ relationship, i.e., objects have common
device attributes, like devices model; a ‘social’ relationship,
i.e., objects are associated by social interactions; and a ‘co-
ownership’ relationship, i.e., objects are owned by the same
users.

However, the increasing number of these relationships and
their heterogeneous social attributes have introduced various
computing and communication challenges that prevent the
IoT network from taking advantage of these relationships to
improve the offered services and personalize the delivered
content. It is helpful to forecast the SIoT data traffic to predict
the above relationship and social behavior. For example, a net-
work traffic-aware mobile application recommendation system
based on social network interaction traffic is proposed [3]. We
also can understand further about users’ social behaviors by
predicting web traffic generated by a user [4]. However, there
are very few works dedicated in this direction.
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Fig. 1. Types of social relationships among objects.



Autoregressive Integrated Moving Average (ARIMA) is
a common machine learning approach [5] used for traffic
prediction. In [6], the authors try to combine ARIMA pre-
diction scheme with Generalized Auto Regressive Conditional
Heteroskedasticity (GARCH) and show that it provides better
prediction accuracy than ARIMA method. In order to make
prediction over long-range, ARIMA is also combined with
the Markov Modulated Poisson process (MMPP) [7]. All
these conventional models require a large extent on the sta-
tionary data used for prediction and the prediction time range.
Therefore, these models are only able to be trained by a
particular time series, and they are not easy to be generalized
to predict a set of time-series with a single model training.
Deep learning based models are proper to solve this problem
since deep learning methods are proper to deal with nonlin-
ear characteristics of traffic data. Recurrent Neural Network
(RNN) is first being applied to network traffic prediction by
work [8]. RNNs are particularly proper for tasks that involve
time series. In practice, Long short-term memory (LSTM)
model is often used, as opposed to a vanilla (or standard)
RNN, because it is more computationally effective. In fact,
the LSTM was introduced to solve a problem that standard
RNNs suffer from [9].

Another problem facing the SIoT traffic prediction problem
is how to make predictions in noisy environments. Because
the above mentioned machine learning or deep learning based
methods must assume that all training data are clean enough
to extract traffic information, however, this assumption is not
practical in real SIoT environments. Extended Kalman filtering
(EKF) is an important method for learning the true state based
on noisy observations, and its application in traffic prediction
can be found in [10]. Based on these observations, this paper
proposes the use of the extended Kalman filter (LSTM-EKF),
a new deep learning unit suitable for predicting nonlinear
SIoT traffic in noisy environments. To verify the effective-
ness of the proposed LSTM-EKF, numerical experiments are
conducted to evaluate the SIoT traffic prediction performance
of the proposed new LSTM-EKF method on real datasets.
Wikipedia web access traffic. The proposed method has better
performance than the existing prediction methods by using
the following performance metrics: Root Mean Square Error
(RMSE), and coefficient of determination (R?)

II. SYSTEM MODEL

In this section, we will review construction components re-
quired to build the proposed LSTM-EKF model. The Kalman
filter (KF) and Extended Kalman filter (EKF) will be intro-
duced in Section II-A. The neural unit LSTM will be reviewed
in Section II-B.

A. LSTM

LSTM is a special type of recurrent neural network (RNN)
designed to solve the gradient disappearance and gradient
explosion problems during long sequence training. LSTM has
a recursive structure similar to RNN, but unlike RNN, LSTM
uses four processing modules that interact in a special way to

achieve long term dependency as shown in Fig. 2. Specifically,
each neuron in LSTM is a memory cell containing an input
gate, a forget gate, and an output gate. These gates control the
save, read and write operations of the memory cell. LSTM
neural networks are widely used in time series predictions
such as predictions for electricity consumption, traffic flow,
air quality, etc.

¢ @ ¢
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Fig. 2. LSTM network model. X;: input time series at moment %; h;: the

hidden state of memory cells at moment 7; C;: the cell state at moment i; o &

tanh: neural network layers for learning; x & +: point-by-point multiplication
& summation.

LSTM

In LSTM, the forget gate layer using the sigmoid function
determines the information to discard based on the node states.
Specifically, it outputs a fraction value in [0,1] based on h;_;
and x; for each cell state c;_1, as shown in Fig. 2. The extreme
values of one and zero indicate maintaining the complete infor-
mation and discarding the complete information, respectively.
The forget gate output is denoted by

fi = oWy [hi—1, 4] + by) )]

where o(-) is the sigmoid function, x; denotes the input at
time ¢, h;—; is the output of the last neuron structur, and
[hi—1, ] denotes the operation of joining two vectors into a
longer one; Wy and by denote the weight and bias associated
with the forget gate, respectively.

The next step is to determine what new information to store
in the unit node state. Regarding this, the input gate layer
applying the sigmoid function first determines the values to
be updated. Then, the tanh layer creates a vector of new
candidate values, i.e., ¢;, to be added to the state.

ir = o(Wi-[hi—1,2¢] + b;) 2

tanh(Wc . [ht—la It} + b(») (3)

G =

where ¢, is the portion of new information retained at moment
t, W, and W, are the weight matrices, and b; and b, are the
bias vectors for i; and ¢;, respectively. Then we combine the
results obtained from (2) (3) above to update the old cell state
ct—1 to a new one c; by Eq. (4):

¢ = froc—1+iG 4

Finally, the output h; is obtained based on the cell state c;.
Specifically, we run a sigmoid layer to determine the parts of
the cell state to output and then place the ¢; in tanh to restrict



the value in a range of [-1, 1], as shown in Egs. (5) and (6):

U(Wo : [ht—I» J)t] + bo) (5)

ot =

hy = o -tanh(c;) (6)

Note that LSTM uses a back propagation algorithm during
training. When we get a predicted value, the loss value
between this predicted value and the true value is passed to
the neural network by back propagation, and then the gradient
of the loss value is used to update the parameters of the neural
network for weight update.

B. Kalman Filter and Extended Kalman Filter

For dynamic and control theory, Kalman filtering, is an
algorithm that uses a series of measurements observed over
time, including background noise and other inaccuracies, and
produces estimates of unknown variables that tend to be more
accurate than those based on a single measurement alone, by
estimating a joint probability distribution over the variables for
each timeframe. The filter is named after Rudolf E. Kalman,
who was one of the primary developers of its theory.

Mathematically, if we represent our state, i.e., the real-time
state data at time ¢, as vector x;, and our measurement, i.e.,
the error data obtained through observation at time ¢, as zi,
the state dynamics of KF can be formulated as

Tip1 = Dz + wy, @)

where w; is the associated white noise process with known
covariance (). The observation dynamics of KF can be formu-

lated as
Hl't + v¢. (8)

Zy =

The covariances of the two noise models are assumed station-
ary over time and are given by

Q= E [wawf], ©

and
R:E[vtvtT] . (10)
The error covariance matrix at time ¢ can be defined as
Py = E [(z — &44) (e — &40)" ] (11)

where I, is the estimated state at time ¢. We assume that
the prior estimate of |, is denoted as .1, the relationship
between Iy, and Zy;_, can be expressed as

Eyje = Bejp—r1 + Ke (20 — HEgpoa) (12)

where K is the Kalman gain.
The expression z; — Hiy;—1 in Eq. (12) is known as the
innovation residual, which can be expressed as

it = Zt — H.’f?tlt. (13)
By applying Eq. (13) into Eq. (12), we will get
Typp = Typp—1 + Ky (th + v — Hi‘t\tfl) . (14)

Similarly, by applying Eq. (14) into Eq. (11), we obtain
Pi=E [[(I-KH)(z;—&p—1) — Kivy]
(I — K H) (@ — &4¢-1) — Ktvt]T]

5)

Since x4 — &y;—y is the error of the prior estimate, we can
express Eq. (15) as

Py
= (-KH)E [(If — By (2 — it\t—l)T}
(I - K¢H) + KE [vpv] | K (16)
By applying Egs. (10) and (11) into Eq. (15), we obtain the
following:
P, = (I-KH) P (I-KH"+KRKI, (17

where P/ is the prior estimate of P;.
In summary, we have the following update about Kalman
filter

K, = P/H"(HP/H" +R)"'  (Kalman Gain)
By = Byp—1 + Ki(ze — Hiy—1) (Post. State Update)
P, = (I-KH)P, (Cov.Update)
Tyy1e = P2y (Pri. State Update)
P = ¢P¢T +Q (Cov. Update)

(18)

If the state transit relations ® and H in Egs. (7) and (8)
do not follow linear mapping relations, we have to consider
extended KF. For nonlinear mapping relations, EKF can be
formulated as

fae, ug) + wy,

where f( ) is a nonlinear function for the previous state and
control variable u(t). The observation dynamics of KF can be
formulated as

T4l = (19)

h(.’l?t) + V¢, (20)

zZt =

where h( ) is a nonlinear function for the observation. To deal
with EKF, we can perform the following linearization to get
parameters ® and H in Egs. (7) and (8) as:

of
P, ~ P2 B , [@2))
and
oh
H; ~ p B . (22)

C. The proposed model and the flow chart of the method

We will use LSTM to model f, by considering input 2z;_1,
which is the network status vector obtained by variational
autoencoder from the network status. After LSTM trains
required parameters for EKF, it will be used to generate the



output Z¢;. At each time step ¢, the LSTM takes the previous
prediction Z;_1);—; as input and generates the intermediate
state f (#y_1)¢—1). Note that the term is independent of the
current measurement. The estimate of the process covariance,
@ is also updated based on the intermediate state update.as
the output.Similarly, based on the observations from the net-
work z; 1 an estimate of the measurement covariance Rt is
generated as an output. Finally, the f(Z;_q);—1) and z;_1,
along with our covariance estimates (J; and R; are fed to the
extended Kalman filter for updating ¢ is discussed in Section
II-B. The LSTM-EKF expands time, which can be trained end-
to-end by backpropagation through time as shown in Fig. 3.
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Fig. 3. LSTM-EKF MODLE

III. NUMERICAL RESULTS

This section will apply the proposed LSTM-EKF model to
predict SIoT related datasets. we will apply LSTM-EKF to
predict Wikipedia webpages traffic based on the web traffic
time series dataset provided by [11]. Following metrics are
adopted in our prediction performance evaluation: the root
means square error (RMSE) and the coefficient of determi-
nation (R?). These metrics can be defined as

RMSE = /E((Y —Y)2);
s, (vi-¥)
Y, (Vi = B(Y)?

where )A’,Yi are pedicted values and Y,Y; are true (actual)
values.

R = 1- (23)

A. Dataset

The real dataset under investigation in this work is the
Wikipedia traffic [11]. The training dataset consists of approx-
imately 145k time series. Each of these time series represents a
number of daily views of a different Wikipedia article, starting
from July, 1st, 2015 up until December 31st, 2016. For each
time series, you are provided the name of the article as well as
the type of traffic that this time series represents (all, mobile,
desktop, spider). We compare the proposed LSTM-EKF with

other three prediction methods: EKF and LSTM used in
Section Numerical Results by metrics RMSE and R? defined
by Eq. (23). In table I, we show the prediction performance
based on the traffic visiting the AND wikipedia webpage
[12].Thet ables show that the proposed novel LSTM-EKF
method has better performance than the other two existing
deep-learning prediction approaches in terms of RMSE and
R%.

For the given dataset, 70% of the data is randomly sampled
as sequences for training and the other 30% is sampled for
testing. The training dataset is then divided into into X_train
and Y_train, where X_train contains all the feature values
except the target ones to be predicted and Y_train contains
the features that must be predicted. For the proposed LSTM-
EKF model using either univariate or multivariate dataset, we
use the mean square error (MSE) loss function and an efficient
Adam version of stochastic gradient descent. The model will
fit 30 training epochs with a batch size of 32. Once the model
is fitted, we can predict for the entire test dataset.

B. Numerical Results

. We have used EKF, LSTM,LSTM-EKF models to predict
the Wikipedia data respectively. The prediction results are
shown in Fig. 4 and Table. Specifically Figure 4 shows the
comparison of our our prediction results with the true values.
Both prediction plots show that the predicted results of the
proposed LSTM-EKF model are more stable than those of
the LSTM and EKF models, indicating the superiority of
the proposed LSTM-EKF model. The table compares the
prediction accuracy of the three models in terms of MSE and
R2. It can be seen that the LSTM-EKF is more accurate

Wikipedia data predict

300
— true value
— EF

— 1sTM
— LSTMEKF
250
200

b
© 150
°

100 i

501

Fig. 4. Prediction comparison of EKF, LSTM and LSTM-EKF schemes on
Wikipedia data

TABLE I
THE ALL EXPERIMENTAL RESULTS OF R2 AND RMSE INDICATORS
Performance 9
Model R RMSE
EKF 0.86 4.3
LSTM 0.87 3.5
LSTM-EKF 0.88 1.38




As can be seen in Table 1, the Kalman filter can help
improve the prediction accuracy when using the same data
set type. For example, the value of R? increases from 0.88 to
0.89, and the RMSE decreases when only the LSTM is used.
From the observed results, the combination of LSTM and EKF
can improve the prediction accuracy for the dataset we used

Obviously, the proposed LSTM-EKF model shows a sig-
nificant improvement in prediction accuracy compared to the
LSTM, EKF model. We can conclude that Training the re-
quired parameters for EKF coupled with the noise reduction of
the data by the EKF, greatly improves the prediction effect.our
proposed new LSTM-EKF method obviously outperforms the
two existing deep-learning prediction methods

IV. CONCLUSION

To predict the traffic of SIoT, we propose a new predic-
tion method called LSTM-EKF. The proposed CARU-EKF
can help to determine the EKF parametersto perform traffic
prediction in noisy environments. We validate the LSTM-EKF
by applyingWe validate the proposed prediction method by
applying the LSTM-EKEF to a real dataset on SIoT.We validate
the proposed prediction method by applying the CARU-EKF
to two real datasets on SIoT: The dataset is the dataset of
visiting traffic.is the dataset of traffic visiting Wikipedia pages.
We use four performance metrics: mean absolute error (MAE),
mean absolute error (MAE)
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