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The Solution for Manhole Surveillance Based on 3GPP NB-IoT
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ABSTRACT

‘NB-IoT Manhole Surveillance Solution’ has been developed to safely manage manholes and facilities that are
applied with 3GPP NB-IoT. It can remotely monitor the opening of the manhole cover and the air quality inside
the manhole, thereby preventing accidents that may be caused by the manhole. Conventionally, there were
methods to remotely manage manholes, but they were not widely used because of propagation attenuation caused
by manhole cover made of cast iron, cast steel. It compensates for propagation attenuation by manhole covers
through the coverage enhancement characteristics of NB-IoT, is designed to operate as battery because there is
no power supply facilities inside a manhole, and 3GPP’s PSM is applied to minimize power consumption. In
addition, ‘Adjustable Length Mounting Frame’ was invented for use in manholes of various sizes so that it is
possible to save time and cost due to no construction. It was verified by applying to the telecom manhole as a
preliminary step for commercialization. In the future, when planning to design a smart city is required the
development and adaptation of solutions that can remotely monitor various underground facilities as well as

manhole, and these will protect the life and property of the people from accidents.
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Table 1. Manhole Issues and Resolutions Table 2. Requirements of Manhole Surveillance Solution
Manhole Issues Resolutions Required Function Implementation

Worker Suffocati Detection for Communication Available | Up to -130dBm

orker Suffocation Hazardous Gas in Manhole for N-RSRP
Vehicle and Pedestrian Accidents Battery Life Cycle At least 2 Years
Behavior that Destroys Facilities Monitoring for Water and Dust Proof IP67 (KSC IEC 60529)
Theft of Manhole Cover Status of Manhole Air Quality

Cover Sensors Manhole Cover Detector

Noise due to Misalignment of
Manhole Cover and Frame Easy Installation

Adjustable Length

Applicable to Various Mounting Frame

= HAE AR HEA sl s FAlelck Sizes

e8] A9 FENERAM AAT =2} 2k User Apps Android, i0S

T 42 2 A A 2016 7Y AEA

w24 EAn] U el AL sl WE T 3] $isted Mg F Abddel] S48 VS viE

o iR EgAela AAel Bl lEe st o AR ol R S AT el ol

MR Fe]A o] we) AR oR Bk Wi 7 Aokl s 3l9] & 5 ol Wk, WE

ulE ol BER A A4S Aol ofel A ey 8] 7R Rase] Algh A el

00 w5 XAl o5k =8 Ala 2 FAAS upx|s) 45 AR B 5 glen), Al A= e Wl

Loupe ¥ o) RS 3ol o]algk A o] R 57—343]' 4, Mg 7 2 S WA glo]

o gAs S 9= ‘NB-IoT & 7Hi] &4l o A48 ¢ ol E7Ade] Zasie) wEA Sy Sl

el AbAE] Ameles gk £ g BF ES WSS, 5 4 B2 oA

7FE8 gl Aol 24 717 ZAgP & AlRe] i

. NB-loT ME 2| &M slodl B4 wE WE 4 A A7), w1 A

3.1 iz A £ 27 JIs

¥ 740 ke S8 B 2 i AdEe
FARE ks =l 3 Sl Ak A
HRES B T A]l 20~30% 3R] EHERE W
Ao of 257 87 ARk ARSI el ©
Aol sl ort, 7 e WE vlelx = FAle]
Flofof sk AR} ool WE 57 A - w2}
A= F13E HE - A1 A kel «lﬁ& AL

HAE 13 371 A A, el A 50 o
Al Az W 7)ol Aashd, A A
Ao fAIRg SHlelld wiEe= 2d ol AR

FARTRE A A=) e] A A

Alell Zbhzfof she, AAEl Aol oja HE -
A Al e Zstels e oF Hoke 87 ARk

ik olelel de] o AkekS nkedste] %2
Aol WE A EFAe A 7lee AL
Ae e 7R ke BEsksit
w3 78] AAENR EFAE] A
Aste] matslol & ARk whdslole) V1S WE

1
adjustable width !
(left/righty

deslgned to be moumed
on a manhole frame, no
additional facility
construction is required

ol |

AR AR WE o] o3t Au) Fa) 248 39 a8 2. o] 2A AA zelgle] T
Fig. 2. Structure of Adjustable Length Mounting Frame

1941

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences *19-10 Vol.44 No.10

AA A7 A e A FApt B gk Al
#ratodom, W 218 A AdAE o] 24 A3 =
S e A & S gle] WE Ak Al AR
<= ZfekA] om, 24l skm F AEAE SlEiA
e - Bl w4 et sk At ¢hs
gk w3l vlefrt A7]e] W] x| & 5 =S
Z

A WA AAE AR SRS E A
23], NB-IoT VIES =, ToT S, HAAE 2 A}
2t sjom Ak ¥ 32 WE A 749

Aol
g l§_

Manhole Surveillance
Device

é B-B-i

NB-lIoT  NB-IoT IeT Control
eNB CN Platform  Center

J2l 3. NB-IoT W& 7M1 £74 4%
Fig. 3. Diagram of NB-IoT Manhole Surveillance
Solution

3.3 = ZHA| EFM HAMAtE

fru
3
i)
2
%0,
ae
4
o
N
fr
=
)
<)
rd
il
N
ﬂg
oi
o

A ARl 74 4ol

WE A A= L] AN oA e 1A
AE]E NB-IoT $41 RES 53 371402 AAAl
B2 Bught) s 7hA] #Fx]9] AbA] E2b A= 4
oA et gk o] 24 7x| Zedel &
E 7E] AR RS Atsle] BE F7L dn

Bl 2k | s sl A7) 7}
S8k, W 2ls flsl A1) Alells A" 24
AN g Axker A Fa 2]l ghw F oA Eel
efpon Hok Ay FAlNEe] clelt =73
766, 918mm)ell'? A& & 5 gIwE 500 ~

1942

32| 4. NB-IoT 9& 7H4 32 74%
Fig. 4. Components of NB-IoT Manhole Surveillance
Device

1,000mm7}#]9] Ao] Z4le] 7Fsslek. wlElelt= g
A A 470 3 & 5 oles o)
ek 7 9ol Wk APk 33} el

F 3. WE A A AAARE

Table 3. Specifications of Manhole Surveillance Device
Compositions Specification
Size 100(Width) x 30(Height) cm
Weight 5 kg
MDM9206
NB-IoT Module (Qualcomm Inc.)
Battery AA Type 8 EAs
Detector of Manhole HY-909 Limited Switch
Cover (HYnux Inc.)

MiCS-5524

Air Quality Sensor (SGX Sensortech Inc.)

Range for Adjustable

Length Mounting Frame 500 ~ 1,000 mm
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Table 6. Experiment Environment of Propagation
Attenuation by Manhole Cover

Test Location Around KT R&D Center
Manhole Type Communication Manhole

Manhole Depth 2 m

Diameter:766mm
Thickness: 50mm

NB-IoT (Category NBI1)

Manhole Cover

Communication

Frequency Band B3 (1.8GHz)

Deployment Mode Guard Band
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Table 7. Environmental Conditions to Ensure Battery Life

Parameters Values
-130 dBm

200 Byte

1 Time per 1 Day

N-RSRP
Size of Packet

Transmission Period, Count

Average of Counts

for Event Report 1 Time per 1 Month

B8 4w AR 54 43
Tab

le 8 Results for Current Consumption Measurement

Occupancy Time Connected : 2 min

per 1 Day PSM : 1,438 min
Avg. of Current Consumption | Connected : 60 mA
for 1 min PSM : 0.1 mA

Avg. of Current Consumption 0185967593 mA

for 1 Day
Total Capacity of Battery 4,300 mAh

. 23,122.308247(Hour)
Battery Life Cycle = 26 (Years)
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Fig. 9. Temperature and Humidity Environmental Test
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[Temperature(Cold) Resul]
Teperature: 20°25°C
Totl Tie: 6hous 26min

Device01_Bettery(%) —DeviceD1_RSRP(¢Bm) —DeviceD2 Battery(5) —Device02_RSRP(dEm)

“Temperature[C]

AR A A o
. Temperature(Cold) Test Result Graph
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Fig. 13. N-RSRP Measurement Value Graph
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