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Abstract : In this paper, smartphone based measuring device was developed by integration of several sonsors such as moving, temperature, pulsation,
respiration and hearing and sever/client programs was developed for the data acquisition and communication between smartphone and server
computer. Then, the concept of CSI(combined safety index) was proposed for the comprehensive diagnositcs of workers status. For the validation of
the proposed concept, the real data was acquired by boarding at training ship of korea maritime and ocean university. The acquired data was
analyzed with the stochastical method of regressionn, then the meaningful result was driven that could explain the relation between the risky situation

and the measured chronical data.
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Fig. 1. Increasing user of smart device.
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Fig. 4. Architecture of the safety system for blasting workers.

** This system is composed by three element. To upper right is server,
left side is painting Dept.’s control room, To right bottom is blasting

workplace.

W7HAA FEE A% 2ekErvte] 2 Uk HSE

EUEE AlzEle] dgk AT

22 AOIERT 7|48 =ML FHE AR
Park et al.(2013)> ZvPlEUH}o]~E &-8-3lo Z/AA4E
wAdY % FAwY AdALEE e dTE 7
=] =) I~ =] 2~ =
Sk AFATIINE N1 57 % PR o8] 53
H FQ 0 BB RS 2vpEdulel A8 B85
APAYA L A DA R Aol BAY AT
91 0 4, $4L F 5 QRS sto] AT Fa A
2~ 2~ E =] & 2~
ofF glo] #AgAAE HE o i, R 2AdE =3 + 3
%% s A7E S ACkF. 5). o @ AT 24 A
Yol AvpErntol o] &87be S BolF2lal, drkAl
el M PGS AAZT ZUE Y gk Aol gig 5
A HoF Atdeltt
AVWUDUAN ST = s1705
Comment X 35| APER Opeees 2 mmaUFenoe “"[I]
EFU/2ER Ex|Sete HIT /L
OcCR ZEX|NM My B624/634 not accordind DRWs
2OES0-34 SISIX} Aen We noticed that on approved DRWSs we use
one piece of plate ending to slopping long.
OCR ZEX|NA] A0y Deck ramp
20N -O =3 ™ We found deck ramp interfered with revised
bunker lines.
OCR ZEXIRA Ay Doubler plate touching seam o -
2013-04-23
< - = ________ _..ii35%:]
aumumAE Sue 2. 51705
Comment X 35| APEH Openea - Smaulonosie |2 =u
EpU/AER EXEHSEM M= /S
2013-04-23 SrErx) ey Doubler plate, for penetration pipes on 1st
Deck outside No1 Cyl. Oil Stor. Tk, touching
with fillet welding of Long BHD of same Tank.
ccr ERISA Ay Hose rest for F.O Davit.
IR0 SHEX} Ay We noticed that sounding pipe for NoS D.B.
Tk stbd is bended.
CCRrR ERINLA] Ay Lifebuoys e
20120816 SISy MEy Light missing Seen o

Fig. 5. Ul of quality management system.

** This is screen of HSE application. There are situation combo box and
Calendar, Query button. Clicking on the button, present the corresponding

info. to each column(Type, Dept., Content).
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Fig. 6. Function of HSE management system application.
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Table 1. Shipbuilding accident of types(www.safetia.com)

Operation Risk Factor
Process Form of Work Equipment (MSD is common)
Steel Cargo, Crane, Forklift, Narrowness, Falling
Steel Cargo Transportation Truck Objects
Steel Painting
Pre-treatment Equipment, Dust, Noise, Fire
Pre-treatment
Conveyor
. . Crane, Cutting Dust, Fire,
Cutting Steel Cutting (Gas, Plasma) Narrowness
. . P Heati
Forming Steel Forming ressure, Heating Narrowness, Burns

Torch(Gas)

Major Assembly Crane, Welding Shock, Dust,

Asl\;[elrrl:l:l & Block Minor  Machine(Gas),  Conduction, Electric
¥ Assembly  Automatic Welding Shock
Maior Shell Cutting & Crane, Welding Shock, Dust,
Ass:rjr(x) bl Block Major Machine, Conduction, Electric
¥ Assembly  Automatic Welding Shock

Outfitting  Hull & Outfitting Transporter, Crane,  Fire, Explosion,
Painting Painting Painting Equipment Fall, Crash

Block Erection & Crane, Gondola, Fall, Conduction,

f;::;gi‘ Outfitting Lift, Welding Electric Shock, Crash,
Y Installation Machine Falling Object
_ Hull & Finish Painting, M/C, Fire, Explosion,
Painting

Painting Hold Stage Fall, Gas Poisoning
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Table 2. Selection of sensor by sense type

Sense Sensor Type
Auditory Noise Sensor
Gas Sensor(CO, CO,, O»),
Olfactory Humidity Sensor
Tactile Pulse Sensor, Temperature Sensor
Motion Gyroscope Sensor
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Table 3. Specifications of sensor module

Type Model Spec.
CO Sensor MQ-7 0~100%, measure unit: 1%
CO2 Sensor MG811 20~2000ppm,

measure unit: 1ppm
02 Sensor SS1118 350~1000ppm,

measure unit: lppm

Pulse Sensor

Pulse Sensor Fixed by clip, Light source

Amped
Humidity Sensor ~ HIH-4030  0~100%, measure unit: 0.01%
Temperature -40~125°C,
Sensor TMP36FS measure unit: 0.01°C
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Fig. 9. Sensor module and ‘BlueTerm’ application.
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Table 4. Schema of HSE database

Field Feature
SNAME Name of worker
Heading Indicates the direction of worker
Rollin Indicates the status of worker
e (right and left inclination)
Pitchin Indicates the status of worker
& (the front and the back inclination)
Decibel Indicates the surrounding noise of worker
OutTemp Indicates the outside temperature of worker
BodyTemp Indicates the body temperature of worker
Pulse Indicates the pulse of worker
co Indicates the surrounding carbon monoxide
concentration of worker
Indicates the surrounding carbon dioxide
COo2 .
concentration of worker
02 Indicates the surrounding oxygen
concentration of worker
Humidity Indicates the surrounding humidity of worker
Times Indicates the database acquire time
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CSI=f(a*M,b+T,c+G,d*P,e+D,f *H) (1)

M: Motion(Heading, Rolling, Pitching)

T: Temperature(Outside Temperature, Body Temperature)
G: Gas(CO, COs, O»)

P: Pulse

D: Decibel

H: Humidity
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dvble AFAR BaF A AADF L AQWE) 1 9 22FF BAS 2T 5 AvhFig 14)
g 24 FoEn o & é%, ZA 87 AA Y Aol B
o] WAIStE 2] 9 Decibel(dS)oll et 7FsAE
ol Fol Agiate] kgl FF2 vAA B, ob2
T 8 A Agol of2E Fho] FEI} wobH
S ol A8 [ael o FolEo] AAe Ak ¥ .
HetA B 5= Q1Y) Wil Gasel 7HEAE =4 Ert Score

6.2 240 0| H: & 4~ (Safety Score)

FAAFH Y B e W Qele] NENE F
ZahA 2GS A5 100804 @Ak o 457t
ARG A e oA AFAH ol B Y ALS
she] ol ghol 7|FA T Holw AL Axtele] 7
Aaher ol 5RE BB WAL 1022 2439
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Fig. 14. Relationship between time and score graph by logarithmic
function.
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g Folal AAl delele A8 AT S8l AAs  HAFE AET AFsAA sk 7IRbE AA AL of
Atk H=ES Fgs7]) A ARt ojEgdelds A VI gk AT EE FHs Fd s AddT
Aol #-25}7] 918l oF MEs HARE Fig 159 2 de) & HHOR SFEOlEE XA fle BE AR Aol
2 AZSih smtETutel s dAr Sjo] FY geizk o sl s Ak, Aze] AdAvi 24 shast
HEs Sea AMRES o W ctom Wy off diy] = AsiA dlelH S WAE F SPSs S &= AHEE)
d A& 5 AES For 55 ARG of A B FAEAE S Ak & Aol 289

Asdst dolde das &8st dojm 4R Ao,

dlolg ok Aef 2} dHole o] FaaA =Es A% W

2 Pearson ‘37|, Spearman A& ‘@
Al, Phi-coefficient 5 ©12] 7}A|7} J=d|, ¥ AFo = 7}
ZF HAH A0 2 ALEE = Pearson WA S -85} TH(Lee
and Im, 2015). 24 #E2- SPSS9| o] AAAFE o] &3}
W He=d E4 43+ Table 59 2

HAE 3 A foleEe 48 433 =u(Fig.  Table 5. Correlation analysis between lung disease and sensor

16), 4 AR Fe M) v AYW F& FEE data
Q18| Rolling?} Pitchingzk©] =2 38FAl Walsl= Ao Bk . .
= B 5 S Pearson  Significance Probability N
a2k B Vel S A destal el A= ensor Coefficient (Both Sides)
F48 Wzl Age BT oo 2o AA@GA —
Agsel A%s: BAUIHE Fa Aguegt gg Pl 009 05 12
2ol AElE Thetd 4 s Bolth Rolling 0.057 0.572 102
Noise -0.215* 0.030 102
Rolling Pitching -~ Time Outside -0.241* 0.015 102
Temperature ’ ’
-4 2 - 15:44:39 Body -0.329%* 0.001 102
Temperature
-1 19 - 15:44:40 Oxygen -0.113 0.258 102
0 21 - 15:44:41 Carbon 0.337%+ 0.001 102
Monoxide
1 21 o 15:44:42 Carbon -0.309%* 0.002 102
Dioxide
2 7 154443 Pulse -0.376%* 0.000 102
Fig. 16. Test scene and data sample related to motion Humidity -0.104 0.300 102
7. SPSSE &% SAEH SPsse] kAl g

F3ll “d¥AG(Pearson Coefficient) S
= HFE Abole] #AE YE= AF
7.1 Mol Az—gt4O oy ZF 422N 2 101] 7}77} 2 Auld BA AT -19] T E bk

AgEigel ] A = e A oAy A4 Qs vE #AE RIYE AS & 5 Ak flol YEEAA
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Pitching(& & &), Rolling(¥-& 2.), Oxygen(*+4>), Humidity(5 =
o] A9 A57F Z47F 0.054, 0.057, -0.113, -0.104%= Y ERSL
A qk, 2] 8F-E (Significance Probability)©] p-value<0.052] %7
= WSekA| Zetnw wlfeolAolgt & 4 Qlrh whdo
Noise(4>)3} Outside Temperature(tl 7]
(A=), Carbon Monoxide(¥€ 43} gt2r), Carbon Dioxide(©]2t3}

11

0 [¢]

%), Body Temperature

B4, Pulse(WBhe] 49 o2l wknld] #A, & obdH
F7F EE4E 5V AS Y FEo] wolxits Ay
2 B YIEE B3 & ¢ dut
7.2 Al 0| &8 9T OE5 A EN

oA Fafet FEEA S B Als| Aot FAd oy AL
olo] WAE EXMGozHN Adet HHd dHeAES &
= AFE ST AR A9 3 weE S5 W
TR a8 UE B E SYHESRE HAse oE 7HY
A BA A = =dl(Lee and Im, 2015), A H 0B S =
HAHFE A2 olEHE FHASER T o5 B
E dutglst 4= glopd deje] A dlolefdl g Ajs A
& AS5st=d AR E AT 4 A

sh
3412 SPSse] A E A A Apgato] -3
= 21t} Pitching(F5-2), Rolling(¥ & 2), Noise(4), Outside
Temperature(t}] 7] ), Body Temperature(#]<-), Oxygen(2F4 )
Carbon Monoxide(d 48} €4r), Carbon Dioxide(©] 2F8}gHA
Pulse(™™H), Humidity(s3 £)E= SHHSRE 557 d3o %

G2 agstel 37%A s,

N5g

|

Table 7. Coefficient report of regression

279

ok

&

I~

WA Table 63} 2ol &R AWE F HAHEA
H7140] FHNFE AWY & A=AE
o

d], §28E0] p-value<0.05°l

]
®)°] 0olehs AL Z1280 Hms 87140 5
Mg Agsted §4% & Jow Bad & ok
Table 6. Variance analysis report of regression
Sum of Mean Significance

Model Squares df Square F Level
Regression 514 10 054 | 3.014 .000

Residual 1.363 91 .015

Total 1.904 101

o

hek g A o] Frgatrts ddol WA W Table 79
ATs &8st Ao 22 vs A8 IANE e F
Aok 1 T AgFo = o] o] A2 Pitching(F 5 L2),
Rolling(¥ 5 2), Noise(A2 &) 55 ﬂj‘%‘ 2@l A AAF F

i #o] v b g A4S d= 3

H 2 (3)9} K

rot ojf :[0

=

Y=0.9736X; +0.590X, —0.717.X; —1.825.X, —1.812.X;

@

+1.191X; — 1.508X; — 0.971 X — 2.261 X, +0.468 X,

Y=—1.825X, —1.812X, — 1.508X, — 2.261 X, ?3)

Model Unstandardized Coefficients Standardized t Significance Collinearity Statistics
B Standard Error Beta Level Tolerance VIF

Constant 748 126 5.938 .000
Pitching .000 .000 .090 973 333 .926 1.080
Rolling .000 .001 .055 .590 557 .898 1.113
Noise -.001 .001 -.068 =717 475 .874 1.144
Outside Temp. -.002 .001 -.174 -1.825 .071 .869 1.151
Boby Temp. -.002 .001 -.178 -1.812 .073 814 1.228
Oxygen .001 .001 120 1.191 237 .780 1.281
Carbon Monoxide -.002 .001 -.161 -1.508 135 .686 1.458
Carbon Dioxide -.001 .001 -.104 -971 334 .688 1.454
Pulse -.003 .001 -.248 -2.261 .026 .656 1.525
Humidity .001 .001 .047 468 .641 758 1.302
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