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Abstract  Effective construction safety management systems are desperately required for reducing
damage caused by increasing safety accidents in construction sites. Safety accidents in construction
sites can effectively protect if proactive measures are taken to prevent unauthorized worker access the
expected hazardous area. In this study, we have developed a IoT(Internet of Things)—based dangerous
zone alarming system for safety management in construction sites, which can be operated at low cost
in large—scale sites as well as small and medium—sized construction sites. The development system
utilizes a Zigbee—based beacon technology and cellular mobile communication technology to detect
when authorized workers, unauthorized field workers or outsiders approaches hazardous zones. If
somebody approaches the dangerous zones the system notifies immediately to the safety manager with
a danger warning signal. It is expected that this system can effectively prevent safety accidents when

applied to construction sites.
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Fig. 1. Configuration of dangerous zone alarming system
based on IoT
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Table 1. System requirements

Requirements Contents

oIoT Cone can operate mode(on, standby, and
off command) in a danger zone for each floor.
eWhen IoT Cone is off, it can send the
off—command via the safety manager
application.

Means of safety
management of
danger zones

eSafety manager can designate the danger zone
(IoT Cone installation position) on the drawing
image of each floor through the application and
Real—time store the coordinate value on the designated

information of image.

danger zone on / | eloT Cone mode is changed by relaying to the
off / release mobile gateway after receiving from the safety
management server.

®The application displays the floor plan image
and the location of the danger zone.

oZigbee attached to IoT Cone measures the
RSSI of the beacon transmitter attached to the
worker and scales the distance between the
approaching worker and the danger zone.

eAn alarm is generated when the scaled
distance reaches the critical threshold distance.

Alarming when
workers or
outsiders access
the danger zones

oThe worker safety device attached to the
worker and IoT Cone send the danger zone
accessing worker ID and danger zone (IoT
Cone ID to the Cone ID) to the mobile gateway.

safety manager eNotification of danger zone access is sent to
when the worker the safety management server via LTE

Provision the
worker and IoT

approaches the modem.
danger zone *The server saves the data reports to the safety
manager.




A @ AT E AT oT 71We] 939 AR Al~" 109

IoT-cone working
(on, pause, off)

__@Pds.kel Uransmission @Packer ransmission @P;lrlrx*t transnissinn
[}

IoT-cone mode {on, pause, off} poder
e
1

Worker Mabile Safety Safety
safety IoT-mome MNetwork managament manager
device gateway server application
@
Order result transmission Crder result transmission Order result transmission IoT cone
information
M5G Type 1oT-cone ID # mode [on,
pause, off)

inpul

(3) IeT cone mede order

Fig. 2. ToT Cone mode operating process

IoT Coned] Z2HAA, t)7], 3|41} zHeizl 2 ¢k
Qo] i3t JdTd AR TRAAE TSy g

1) IoT Cone®] F2Z} ZZAX
QHlke) A= FEIAHE ol Z Aol S o] 8-te] A
ol 9 10T Cone?] IDE A¥sle] R=Z WAE

o\i I
ATk AUTL 2] Uhek A L2A2E Fig 2
pay

it

o -

@ ¢ AL HxE ARATHES A Ve
71101’L91 7} S =H o|n)A] Ao A 9]
FaL, 7] e 3ﬂxﬂ Alell &= ToT Coned] ¢
At 379 A d71E A8 W
o A4 T YrHeR Hfﬂ?‘ﬂ A& d7lsks 7S

ot} 31 IoT Cone®] AHGA} & 25919 919
Ao] At AX|e} A& V)52 AP o m FrEA| T
710l A4 % 10T Coned] HXARE AL FA €t
AATS A= AFol sAEAY thE HFTHe] A

2 Ho
@l ot
o

0

T

ol 2
ol

N
)

i FlO_l

2
3

™ [oT Cone?] AYo] 2pt=]ar DA $1x] AH 7} 2+
A,

@ IoT Coned] Z=Z WAsH 2= WA Py
AR H AP HRE E3s TCP/IP 7S A
/d3to] LTE of's A IEUds: S8 A= dE

A,

@, ® vd%bﬂ A9
TCP/IP S & 215k} $=418k g7 A
A

(checksum test)Z

o [ _weone v o]
€0001 e pausefoll IF (125483

Packel analysis & save

© LTE /1415 chitste) Amz el 508 42
wulel Aol Edo] A%,

@ Tuld AlolEge])e] LTE RelL o] ggAlgo R
T8 2= WA 9518 AP 7]5S 53] [oT Conel
2 A 7IsE —’Fggiﬂ"jr

© IoT Cone »:=
Zlgq =AM 74/\} S xé)\L

o= [oT Coned RE

=}

2) AP AL At A
s} grelel AWT 4
ol Hom 5L, A AT Sl Y
G Bal 4943 DE Aaste] A8

H

olj;(]_ /\hﬂ:lzsh;]_ 941:'0]_9_ /ﬁjtﬂfﬂ—_/,:ﬁ_o‘lj_
[e=]
&)

}“N' O{N r-\—'
o r2 rzi

N

W ghct. wa}@r 9]‘:‘ 2l 1,164:}01 s

H
T AT A e A
7

Ao}t Q)-010] 9T AR ZE A~ Fig 33 2



110 3=gaes=2x 108 4105

N -
pinaly o3l |

Fig. 3. Worker and outsider access detection and
alarming process
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Fig. 4. The system structure
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Fig. 7. Worker’s safety device
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Fig. 9. Safety manager application initial screen
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Table 2. Results of RSSI measurements

(m)

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
No.
1 | —36|—-45|—-49|—-59|—65|—=71|—76|—-78 | —78| —82
2 | —34|—-45|—-49 | =58 | =68 | =72 | =75 | =79 | =80 | =79
3 | =34 |—-44| =50 |—58 | —65|—-72|—=75| =79 | =79 | —80
4 | —34|-45| 50| =59 | =67 | =72 | =75 | =79 | =80 | —81
5 | =35|—45|—49 | =59 | =67 | =74 | =76 | =79 | =80 | —82
6 | —35|—45|—-49 | =57 | =66 | =72 | =76 | =79 | =80 | —80
7 | —35|—-46 | =50 | =57 | =64 | =72 | =74 | =79 | =79 | =82
8 | —34|—44| =50 | =58 | =65 | =73 | =74 | =77 | =78 | =81
9 | =34 | —46 | =52 | =58 | =64 | =72 | =75 | =77 | =79 | —80
10 | —34 | —44| -51 | — —65| —73 | =74 | =80 | —80 | —81

11 | —35| 46| —-49 | =58 | =64 | =73 | =76 | =78 | =79 | =80
12 | =35 | —47 | =52 | =59 | =68 | =72 | =77 | =78 | =79 | =79
13 | =35 | —47| =51 | =59 | =65 | =73 | =76 | =79 | =80 | =79
14 | —36 | —44| -49 | -58 | =65 | =72 | =76 | =80 | =79 | =79

—
glalala|lala|lalalalalala|la|lalalalaloa|o|a
©

15 | =36 | =47 | =51 | =58 | =64 | =72 | =74 | =77 | =79 | =82
16 | =35 | —44| —=51 | =59 | =64 | =74 | =73 | =79 | =79 | =80
17 | =34 | —45| =50 | =58 | =67 | =72 | =75 | =78 | =79 | =80
18 | =34 | —45| =50 | =58 | =65 | =74 | =75 | =77 | =80 | =81
19 | 34| —46 | =50 | =59 | =65 | =72 | =76 | =77 | =80 | =80
20 | —36 | —44 | =51 | =58 | 65| =72 | =76 | =79 | =78 | =80
RSSI
Avera| =35 | =45 | =50 | =58 | =65 | =72 | =75 | =78 | =79 | =80
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