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Abstract This paper propose the remote monitoring system using LoRa networks about storm overflow chamber,
which is a device designed to discharge rainwater directly to a sewage treatment plant when it reaches a certain
amount of rainfall during precipitation. In this system, when the information produced by the sensor is transmitted
to the LoRa network server and updated, the application server can automatically receive data through the
implemented communication interface. The application server carries out management functions of storm overflow
chamber devices and subscription information, collects measured flow rate and opening-closing information, and
provides statistical information using the collected data. The android app performs a firebase-based notification
function to prompt the user of malfunctioning of the storm overflow chamber device.
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Fig. 1. Purpose of using the storm overflow chamber
device[5]
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Fig. 2. Mechanical structure of the storm overflow
chamber device
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Table 1. LPWA technology comparison[9]

LTE-M NB-loT SIGFOX | LoRaWAN
Coverage ~11Km ~15Km ~30Km ~15Km
BaLt;(tzry ~10year ~10year ~10year ~10year
Price ~$20 ~$10 ~$5 ~$5
standards | 3500 3GPP ETSI Lora
Institute Alliance
Frequency Licensed Licensed | Unlicensed | Unlicensed
Band (LTE) (LTE) (900Mh2) (900Mh2)
Bandwidth 20Mhz 200Khz 200Khz ~500KHz
Speed <10Mbps ~100Kbps <1Kbps <5Kbps
Main
, KT LG U+ SIGFOX SKT
Firm
Commer—cial 2016 2017 _ 2016
ization 1Q 2Q 2Q

LoRaWAN(Long Range Wide Area Network) 7]<-&
LoRa Allianceol d 5 A1 ak9) 1, gho]dlxrt ele
FAEA 999l 900Mhz ISM S-S ALg-8lo] SA15H
t}. Chirp Spread Spectrum(10] ¥ W] 2 Adaptive
Data Rate[11,12] ¢38]5S &3 95 23 1Hdel A
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Table 2. Data format of the storm overflow chamber

device

Mode

Data

Msg

Meaning

00

0

test

Device is operating normally

1

msg

Contents of the message sent

01

0

0

Opening/closing plate is open

0

Opening/closing plate is closed

01

Opening/closing plate was
changed from closed- state and
opened

Opening/closing plate was
changed from open-state to
closed

02

02

87

87 seconds consumed for flow
measurement

90

ok

Error test is normal

99

91

err

Cannot read the opening/ closing
information

91

err

Cannot read the flow information

R

err

Attempted to measure the flow
rate, but the measurement was
terminated because there was no
response to the flow rate sensor
of bottom for 120 seconds

R

err

Attempted to measure the flow
rate, but the measurement was
terminated because there was no
response to the flow rate sensor
of top for 300 seconds

R

err

Unable to measure because the
flow rate sensor of top already
responds

R

err

Unable to measure because the
flow rate sensor of bottom
already responds

R

err

Opening/closing plate is closed
during flow measurement

9

9

none

System default settings
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Table 3. Settings for subscription creation[13, 14]

T &= E=kskre
Method POST
htto://onem2m.sktiot.com:9000/starterkittest/v1_0
URL fremoteCSE-IOT_SCM_123_HTTP/container-L
oRa
Accept application/xml
X-M2M-RI NDO00000000000001234_IOT_SCM_123 HTTP
X-M2M-Origin ND00000000000000 1234
X-M2M-NM Sub1
RMdxcTJ7UEGKOGZicVVEMEJ34Fh1UmRYUTI
uKey xQW1laKtL21V5NOCoV1BLejnOT2NBCTIoMOJy

TG1tckJVM75aE9=

Content-Type

application/vnd.onem2m-res+xml;ty=23

Body

<?xml version="1.0" encoding="UTF-8"?>
<m2m:sub
xmins:m2m="http://www.onem2m.org/xml/protoc
ols”
xmins:xsi="http:/www.w3.0rg/2001/XMLSchema
—instance”>

<enc>

<rss>1<frss>

</enc>

<nu>HTTPIhttp:/127.0.0.1:8888</nu>
<nct>2</nct>

</m2misub>

3.3 FrEA ofZTleld AW Ve
$5EA B A AulolAE et 2
& TR AHEA 2719, 9 e, SR 2
A%, S g A AR, SFED G 5557
A, SRR R R 5 B, A FY AR S,
A WY, JuRo|E Joi 4

$FEY 97 BUEY Aul2

> rlo

il
i
o2,
A’l
S
=
o
e
&
e
&
re
U

da
re
romet
Iy
o
S
-
gl
o
R
o
2
.
)
o o

S
b

r

ol

2

&

o

B

i3

o

5
of

)

[

N

i

i)

i,

ful

EL
£
;‘::1 [z
It
M
o
)
o -

rO
(11
>,
s
(11
e o2

o
o

offt o il
E
i

ro rlo
uj

fr

e o
o o
o

=y op
s
i
Ju
4
By
g‘L
%

ft

A 3%
12:015]% o] 83
VG AesH Hn, AR o]

=
=
o WA APIS FA BT 5 ek

o
R
2 1o
to
»
offl
o
o ot

oft
%
N
offt i
o
oz

Moo

MM Qe
r\rﬂj
oﬁﬁ
Ry
Horx
5 X
=
ES
= 2

O PHEM 2N

Ll 207 == 20 e 20n <ss 207
s K | CE2D

we 9 s om ) R

SIS LI 2 0

Fig. 7. Main page of web application

4. 42
Aol A md AAEHE skt Aol s A H
T RS & sl Qo) A9Al ol
QA =2 B 1 oo ¢4 kg Age
2 FFAEHA g A WReIEE ghv AR FA| 7t
Foshd, FAueel £ SAR A9 WA A



DAY st d g dAu =g AL 67

diel FoE
R L
How pelsta F48 vy

s
) 98, SrEA AAY H

37 AuE

AR e 9Ad A28 S TEE1 e, LoRa
Vles &8st AdY- A FAoE $4EL O
o[} FAlste] AH B £ RS AISHAL T
l ¥elE FHY ¢ RS it R weAt
A4S A3 ek &, sk wElE s 5 e
w AEERE ol obA) TR A o Vel W
S frA wel okl Arsiel 7jojd Aow dd

t}

B AZES UG AR SAstel, £ BALIA

4 mUeY sl vt A S5 JUE JH A

sh AFolole A5 Poke B9, olwAe A
v

]—zﬂ 7(474 = /\ﬁgo]—{; = E];}_ R
49l <

REFERENCES

[1]1 B. S. Lim, Y. H. Park & T. E. Kim. (2015). Improvements
of Inflow Controller Installed in Storm Overflow
Diverging Tank for CSOs Control. Journal of Korean
Society on Water Environment, 31(4), 428-435.

DOI : 10.15681/KSWE.2015.31.4.428

[2] Ministry of Environment, Korea. (2011). PRISM,
http://www.prism.go.kr/homepage/entire/retrieveEntireD
etail.do;jsessionid=9A97EFSECD7CBESFFB7ES11E4E934
4F9.node02?cond_research_name=&cond_research_start_
date=&cond_research_end_date=&research_id=1480000-2
01100275&pagelndex=1167&leftMenulevel=160

[3] J. Gubbi, R. Buyya, S. Marusic & M. Palaniswami. (2013).
Internet of Things (IoT):
elements, and future directions. Future Generation
Computer Systems, 29(7), 1645-1660.

DOI : 10.1016/j.future.2013.01.010

[4] Y. J. Nam, J. W. So, M. S. Na & C. S. Choi. (2016).
Coverage Class Adaptation Schemes Considering Device
Characteristics in a 3GPP Narrowband IoT System. The
Journal of Korean Institute of Communications and
Information Sciences, 41(9), 1026-1037.

DOI : 10.7840/kics.2016.41.9.1026

[6] HyeSung New Technology.

A vision, architectural

(2017).  YouTube,

https://www.youtube.com/watch?v=mhVaF3rPkDE

[6] R. S. Sinha, Y. Wei & S. H. Hwang. (2017). A survey on
LPWA technology: LoRa and NB-IoT. ICT Express,
3(1), 14-21.
DOI @ 10.1016/.icte.2017.03.004

[7] N. Ducrot, D. Ray, A. Saadani, O. Hersent, G. Pop & G.
Remond. (2016). LoRa Device Developer Guide. Orange,

Connected  Objects and  Partnership.  Technical
Document.
[8] L. Vangelista, A. Zanella, & M. Zorz. (2015).

Long-Range IoT Technologies: The Dawn of LoRa.
Future Access Enablers for Ubiquitous and Intelligent
Infrastructures, Fabulous 2015, 159, 51-58.
DOI @ 10.1007/978-3-319-27072-2_7

[9] S. K Park. (2017). A Design and Implementation of an
Integrated Gateway for Stand-alone LoRa Wide Area
Network. Master’s thesis. Incheon National University,
Incheon.

[10] X. Wang, M. Fei & X. Li. (2008). Performance of chirp
spread spectrum in wireless communication systems.
11th IEEE Singapore International Conference on.
DOI @ 10.1109/ICCS.20084737227

[11] J. M. Jacobsmeyer. (1992). Adaptive data rate modem.
US Grant, US5564195A.

[12] W. Giezeman. (2017). The Things Network, https://www.
thethingsnetwork.org/docs/lorawan/adr.html

[13] SK telecom. (2015). ThingPlug Platform,
https://sandbox.sktiot.com/

[14] SK telecom. (2015). ThingPlug API Document For
LoRa-Based & IoT Application Development,
https://lora.sktiot.com/api/common/file/download?fileld=
O0OEWDENXQNNCASCC28BB

[15] Google. (2011). Firebase Platform,
https://firebase.google.comy/?hl=ko



68 F=gdetsl=iA A9 A6

A 21 A(In—Jae Jeon) [43]9]
= 1998 2¢  diAYiE EE
ot}

= 20154 19 @ FAAAIZIE dIE
» Ba ok ¢ Ay

my
~N
oft
?.
oo
]

oQ

=
E)
ol
>
toby
r_.\(g

= 1993 29 =goisku ek
ARk (A sAAY)

= 19984 8¢ : =duigtul gy
PR RIE EEEE 0

+19%d 99 ~ 1997 24 & H

: okl A A

1997 39 ~ AR WARANS T AFE AR 0

PR oM o), WA, YR A

* E-Mail : kbkim@hit.ac kr




