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ABSTRACT

Introduction: The goal of this study is to investigate how the development of technology has affected the
industry (especially the mining industry). For this purpose, this paper examines the impact of intelligent
mining machinery systems, including tire pressure monitoring systems (TPMS), dispatching systems,
and vehicle health monitoring systems (VHMS), on health, safety, and environmental parameters and
preventative maintenance.

Material and Methods: This study is descriptive-analytical research that was conducted between time
intervals before and after employing the intelligent mining machinery systems. Initially, parameters were
identified using the Delphi method. These parameters include human accidents, equipment accidents,
environmental incidents, warnings and fines in the domains of health, safety, and the environment, tire
usage parameters, the shelf life of the tire, oil overfill, fuel consumption, failure rate, mean time between
failures, and preventive maintenance compliance schedules in the domain of preventative maintenance.
The effectiveness of using these systems was then assessed by comparing the state of the specified
parameters before and after the introduction of the intelligent mining machinery systems.

Results: The findings of this research indicate that using intelligent mining machinery systems will
decrease equipment accidents by 33.3%, extend the useful life of tires by 7.1%, reduce fuel consumption
by 14.6%, cut the mean time required to repair by 25.5%, and enhance preventive maintenance
compliance schedules by 5.7%.

The findings showed the effectiveness of the use of intelligent systems of mining machines was obtained
as follows: reduction of equipment accidents by 33.3%, increasing the useful life of tires by 7.1%,
reducing fuel consumption by 14.6%, reducing the average downtime of the car for repair by 25.5% and
increasing compliance with the maintenance program by 5.7%.

Conclusion: Utilizing intelligent mining machinery systems might have a positive impact on the safety of
machines, reduce negative environmental effects like fuel consumption, and improve the maintenance
of heavy machinery, which would lead to better mining conditions and lower costs.
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1. INTRODUCTION

To guarantee the efficient and well-coordinated
development of intelligent transport systems, it is
essential to comprehend individual performance
and how it affects traffic safety. On the other hand,
cutting down on the mean repair time of a car and
miscellaneous costs is a crucial goal for effective
technology use. Additionally, intelligent transport
systems could be implemented to decrease fuel
usage and pollutant emissions. Komatsu has
designed machinery to monitor and diagnose the
condition of heavy equipment. The equipment
includes a vehicle health monitoring system
(VHMS). In actuality, VHMS is a controller that
continuously gathers data about performance status
and makes early diagnoses of problematic system
symptoms. A dispatching system is a management
system that controls mining operations in a mine
in an intelligent manner. This system consists of
two components: hardware and software. Several

sensors are put on tracks, shovels, drills, etc. as
part of the hardware component. The dispatching
unit receives all the information online. The
software then processes the information. In
addition to defining safety parameters, the impact
of using these technologies on safety could also be
examined. Moreover, a tire pressure monitoring
system (TPMS) is a system that notifies the driver
when the tire pressure exceeds a predetermined
level.

The key performance indicators (KPIs) are the
essential elements in measuring and monitoring
the health, safety, and environment (HSE) systems.
In this study, parameters of human accidents,
equipment accidents, warnings and fines have been
investigated. The studies that have been carried
out in this field so far have measured the role of
different equipment and technologies in various
issues.

This study is the first to evaluate the effectiveness
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Fig. 1: The twelve steps of the research in three phases (the preliminary examination and identification of parameters,
collecting data, and data analysis)
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of utilizing three intelligent systems, including
TPMSs, VHMSs, and dispatching systems, on
parameters like human accidents, equipment
accidents and warnings and fines. As a result,
this research is essential for boosting awareness,
gathering data for management, and making
decisions to modernize and improve the current
mining industry.

2. MATERIAL AND METHODS

The data regarding the HSE parameters
and preventive maintenance (PM) was identified.
The parameters included human accidents,
equipment accidents, environmental incidents,
warnings and fines, oil overfill, fuel consumption,
tire usage parameters, the shelf life of the tire,
failure rate, mean time between failures, and
preventive maintenance compliance. The data was
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divided into two categories before and after the
establishment of the mentioned intelligent system.
To gather the data, checklists, paper documents,
online documents, and other registered data were
used. The process consists of three major phases,
including the preliminary examination and
identification of parameters, collecting data, and
data analysis. These twelve steps shown in Fig. 1.

3. RESULTS AND DISCUSSION

There are four and seven parameters linked to
HSE and PM, respectively. A total of 24 instances for
each parameter are taken into account. There are 12
parameters before and 12 after using the intelligent
systems. The collected data is described in Tables
1 and 2. Results from the Mann-Whitney U test
showed that after the implementation of intelligent
mining machinery systems, various parameters
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Fig. 2: The effectiveness of using intelligent mining machinery systems on determined parameters

Table 1: Frequency distribution of studies based on place of research and type of environment

Parameter Type Parameter Frequency
HSE human accidents (Frequency) 8 6
HSE equipment accidents (Frequency) 75 50
HSE environmental incidents (Frequency) 2 1
HSE warnings and fines (Frequency) 154 173
PM tire usage (number of used tires) 44111 53524
PM shelf life of the tire (Hour) 57332 61372
PM oil overfill (Liter) 38122 35987
PM fuel consumption (Liter) 671930 573984
PM failure rate (%) 321 314
PM mean time between failures for machine repair (Hour) 19817 14755
PM preventive maintenance compliance (%) 882 932
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Table 2: The data analysis results for the chosen parameters at the mining site

parameter Mann- Wilcoxo Asymp. Sig. Exact Sig. [2* p-
Parameter . ” . .

Type Whitney U nW (2-tailed) (1-tailed Sig.)]

HSE human accidents 62/0 140/0 -0/653 0/514 .590b 0.514
HSE equipment accidents) 34/0 112/0 -2/223 0/046 .028b 0.046
HSE environmental incidents 66/0 144/0 -0/604 0/546 .755b 0.546
HSE warnings and fines 58/5 136/5 -0/782 0/434 443b 0.434
PM tire usage 56/5 134/5 -0/904 0/366 .378b 0.366
PM shelf life of the tire 35/0 113/0 -2/136 0/033 .033b 0.033
PM oil overfill 57/0 135/0 -0/866 0/386 .410b 0.386
PM fuel consumption 32/0 110/0 -2/309 0/021 .020b 0.021
PM failure rate 61/5 139/5 -0/611 0/541 .551b 0.541
PM mean time between 37/0 115/0  -2/021 0/043 045b 0.043

failures for machine repair

ti int
PM preventive maintenance 37/5 115/5  -1/997 0/046 045b 0.046

compliance
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such as equipment accidents, shelf life of the tire,
fuel consumption, mean time between failures
for machine repair, and preventive maintenance
compliance in the period after the use of intelligent
mining machinery systems significantly improved
(p < 0.05) compared to the period before the use of
these systems.

4. CONCLUSIONS

The results of the analysis indicated that using
intelligent mining machinery systems could lead
to favorable effects in the domain of machinery
safety, reducing the environmental effects such as
fuel consumption, and preventative maintenance
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conditions of heavy machines. Some of the
parameters in this study did not lead to a noticeable
change. These parameters include equipment
accidents, warnings and fines, tire usage, oil
overfill, and failure rate. This can be because of
how they were recorded or because of the study
period. Therefore, it is recommended to increase
the instance size and maintain consistent recording
mechanisms for warnings and fines to obtain more
accurate results in future works.

5. ACKNOWLEDGMENT
The study was founded by Shahid Beheshti
University of Medical Sciences (SBMU).



https://jhsw.tums.ac.ir/article-1-6941-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

101€-9P Oiladio 1€ jlgy /) o)ladd /1IE sla )5 ol § Cudlagy asliling

3 oo OIT uilo diou g gAY 31 08l (idhy 31 o o (v 9 99
W ) S IR g S ) Tueo 9 (il dsuiling) S ol 5
IS oME Loy o iy 930 Sz Nyl jlxa oo (6 8L (ol T Guuraw Loy 10,5 g5 doguare

Ol e (s S Sy pale olBiils ( cieul g Cudlagy 0aSiily s Jasre 5 (cesl Cllilagy o e 09,5
L)‘J"‘ ‘Q‘)‘Q" ¢ ;a.m.e W 2 S W L.;i‘“)" ‘0915 oKl s)lS Ja.»?r.a Ceodws :LS.T)| s_:ng P }S).ar
Olpl el bl pl igls L:lal_;'l S s 855 g Sy daasro ¢ cionl cililoge oles,Lo"

R AR7AR YR} 28 /28 vl £ BCU R

s =
alllas ool 53 (ane Curio pga 4 g Saio )3 §)gld b SISl gy n g lelid jolaie 4 dnadio
VHMS: Vehicle health) 5,555 o 53 s s ol o2V pile siaiign slaailoles ) ooliceal 136
Sy ol Jlad ol jeacw g (Dispatching) (6 ,Gane Sldas dioiige [ 5iuS piuww (monitoring system
5 il canlagSS g oy jlarsrs o ciesl ciilags sl sl )by (TPMS: Tire pressure monitoring system)

L85 158 oy 2550 (e Lasio

S5 sl an 5 S Slej ok g0 0 a5 Cel (Lo - oyt aalllae o Sl fagh I 09
S jlarore ¢ sl cziblags sl el )b lail jo el ool ploxil o YT eile aradign St
byl o B oy, 5l esliiul 5 Cumdy Jlod g anlio b s 0l (olulid al;oSiny llagSS
onl 5l eslatul isu 3l e g Gome YT ile diedgn slaailele (s3Il ol 5l e gt Stie
0,8 o laaslelu

Lyl o ol (2,8 b dare YT (piile diedign (slapiams (5,u5,5 & aS ol olis laasdly iy a8l
OB yarn il o 1o V1) St joe yiolislids S YYIY e 4 Sligos Gole> ralS 4 oxie daize
Aol b cidllas ol g 0o )0 YOO jeesd gz pudle sdigels o) uKilee [2alS o 0 VFIF Cogus
ol 00l o0 BIY iy

N il sl Ao o S SISl Wlgs o Joss ST paisle dioign slaaslols 5l ooliiul 1 g yuS Azt
Al S ST pile g Lyl S5ty uimen § S gus B pan dlax | aielan ; &l I tals
23,5 oo ey s (hals g il Lyl 09 41 i el ol oS i,

WKty Gl ey jlarmo g Cuiligs  siogls it Y [ pdilo cdiaiign clodilol 3535 OLalS =

gholamnia@sbmur.ac.ir 4515 gt oo g5 Suig xSl o 3


https://jhsw.tums.ac.ir/article-1-6941-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

e 3328 O paibls siaibge slawilols il asaiml ¢iani) oliss cuyp

Dispatching giw (V) ail so olKiws 3o JSis
Sl siedon SRS Cqz pde plees S
s Sl o0 6,158 05 g 6,18 S i g0
Ot (poed D95 o0 (o 9 Jelod I8l 5 )0 5 00
bs,sld (pl oolainl 00 g oo sl o azls
TPMS: tire) TPMS ) Gt .\)5..0..; ey s..o.:‘ > ‘)
@59 aS ol (s 5 (pressure monitoring system
oA.;.S‘) 4 ol oad CS 9> )‘ C)B Sy ol )LM.B
OA) aos ool

KPI: key performance) s,Sloc Lol slo sl
Oyl g g Seslail Wiy, o gwll polie (indicator
oy oo 5 (ol cillogs Co pae glapis
.(V9) oxus (HSE: health. safety and environment)
Solg>  gludl @olg> sla b ol uegh o
loads gy (508 glodoy 2z g ol o Sl

diey 50 Sheg VoV Jlo po oSen 5 (9w )Y
e Nog aiae 1y wisls Wl ey adss hleg
(e Saao 3 (093 sleg 093 oaulS (Byme o8
)deﬂiﬁwb |)Yb(_g)9o).g‘;9§(bw| w‘u.ia.n
0 e 5obaiBl i 1 ol L atron b bk
S a8l b jgo ol 51 J S Lo plgre & caitins 4850
ol pBasly (ol g gl g Sl Sla S
oy 5 i alewg 5,515 (5 lgbs ilawlio Lol aas oo
alllas guls 09l o0 (59000 SR 4 i el 590
local autonomy) Joee JMaiwl o ,Slas a5 a2 oo ol
Q4 e Wl oo (Sore adss les yo (functionality
end soan i fals 5 690 50 (2 S S
(o (e D gole S L anglie ) (65l
alis hlog slo)gilnl (ol B ojlu oo ;0B 1, oles
Gloause o Vb 1) (g0 5 wiidy dsup | (Gose
AT 0 )l ol ol 1) clagSS

qv

doddo =

a g YT ale 3559 5 5ysld cd iy L
slio 0 Gl Ol (Coio @l sloojs>
Sl gulio alax 3l 50 Hose Cao .l ool sl
1A O pe0 O O UYT u.o...uLa 9 Lbd)jLﬁ )‘ as
5Ly oogs baylyd ol 5l s 50 e s
Sl ools &5 0l 3 Ol s Sl ol 55, 4 5 b
azgi b cenl a3 5 O a0 o glacled oYL jlas
P YN BV Gl a8 T bl asllas
A e Cadeo Wolgx 45 wes oo lis il Lol
b e g Cole Cans Sl | (6 Kt ol
69,8 0, 8lee Ll (ialign J& g Jo (slopiinn
S8y el oyl ),...L ¢ (individual performance)
9 9,095 A8g5 sloy Lals (Bl 51 (T) cunl ()90
S sk} Am ol 3o 5l B ne laaze
ﬁ_é-‘ LSL‘%S)BTBJ‘ )’| 6°li} Slass 9 () el P RV
Ell g (V7 AV Ve A AN D) was slag,b g
593 ol 5L NS g asis b s e o5 Bl
sl mals sln plgiee 1) wiedige Ji5 5 Jo
O 0,5 Gilwooly Cd g B pas rals g laoanV]
Slapirs @l (g BB oo Sl p3¥ 0l plo
ITS: intelligent transport systems) Jioisgn J&5 g o
Iy ooV uimmen g Cdgw Bpas b 00,5 pleel (
GialeS Bl 6Sslr 4 e b ams tals
OF A0 ANYF) og SIS ksl.:::)’lf 9 ‘S»Le‘_s

ot g O)lla Sz Sl gl S50
el el 00 5 sloul u.._i.,..; QY]&.&LA &lp cwd
VHMS:) §,0¢5> Coodls &)l i Jolds Sl jpaes
&3ly ;0 VHMS .ceul (vehicle health monitoring system
Oy90 4O aosls ras‘d.a 6)5—|é‘°"> 6‘;) 6‘0&....5JJ.»..5
pj){_c ‘ali».ib bj)' ua..’;u.....' 9 olKiwss Q)S.Lo.c u...maj

1o jlgy /) oylaids /1IE sla 1S iy § Cublagy aslilos


https://jhsw.tums.ac.ir/article-1-6941-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

ohBas g )35 (Hoh asqpacs

H AN
i .
/ .,
{ .
/
Base /
V GPRS / €
Module / *
] d

I Module
Electric [ —_—
Wheel Truck l
o
Electric pC
Wheel Truck
i

o

-

905 Cd 5 Ol e o Skee (W) il ol 0 cwyp Oyge (e Cato 0 OVl siedse slaabls ) S

(TPMS: tire pressure monitoring system) ,,b ob ,Laé 1 ) gt Olgu 51 oles (o) (VHMS: vehicle health monitoring system)

O s g (655,158 Sslos (9) w0l (olS o (TPMS: tire pressure monitoring system) G ol jLad 5 & )lss g Siules ()
JysS &1 s (Dispatching) (55b <oy piwaw Kioles (o) (TPMS: tire pressure monitoring system) G ob ,Lid

Obey et o 50 Sl sla S slasd sl |
e b Ol i s ST Cesdee (e x50k
obessly bawgie 5 ST Ze s 9, 50 00l bxl> (5
PSR NE

Sl Sl YoV Jlo o oSe 5 pzlon 2la
Gl gy Hame S sl wiedgr HISGL Cu ke s
Oype & 1) Gine 4l blug JyuS Bl a5 oS
LmQT Golpiiin s S oo 02,8 (real-time) S5 )0 o
o e o 4 (ole iz s Gl oolial
(YY) dise dgupn |y 095 Sl b aws o o5l 56l

e )lgy /) oyladds /1€ sl IS (ien) § Caublag) asliling

b 4 (M) adlas o o Kan 5 (5 3> (5,51

ToT: internet) sLdl & 2] pimmms 31 Slaiged a0l 4
Slp bwge sbgy Hase S0 43S (of things
gl Glade s Soo sl o Sles (g lwainge
3O olgen |y dupes sLil copnl aisle e
6)5T¢A.? [ 5)5 L;)'L»ool.:.g: J"““’?’““’ ‘_,uL».M Lgl.mbLg.Lo.c
Sygo a4 pol> by a4 wnld 2o pae Sledlbl
3 et les S0g5 1) 0gd s (g pSojlal guws
68 OB 5l o o Glapinn awgi oals &Sl s

a5 ,Le (FMS: commercial fleet management systems)

9qA


https://jhsw.tums.ac.ir/article-1-6941-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

e 3328 O paibls siaibge slawilols il asaiml ¢iani) oliss cuyp

9y SeS 4 PM gl el il olulil g s F
N
5 ol cual Wiedigr sladilele glgl Hlolis 0

Qm

loools s 5/zax ¥

oy sl el 4 by sloosls (g pslaez )
5 HSE oyl 4 bgw sloosls :HSE ool
@3l Gyb 5l gileaedsn lan g B3 slao o
5 sk 9 Wk gl Se Dlls annss
3,5 S Sl plo g b )l5S

oy sl el 4 by slrosls (g pslaez Y
50 YT pwile cuilogSs g yuons Sledbl PM oo
S e By Gkl ilesiedion Sl 09
g Seloo S Lo 815 g (o)l 9 w3k lacendd
0,99 ;0 YT piile CuilogSs g ywons b Lo yo Sl
sloosls 5 ayguin bang 5 ilusiadsas 5l
Sload Sz 5 siabsn sloalils J sad a5
olige Coss 4 o555 5 (o3l 5 203k

a3l am g J8 0 HSE slayially daloee Y
ol el b o e sl el )y raetign slaasloles
Lo o Dledlol y0 )5 ol diiwd 90 4y S Jauzo g
5 a3l 0599 0 Sy larzme 5 (Sl el b
O3l e 090 9 (Giae diadign slaailele (g5lasl ol

s jham g S0 PM sl il )y acule F
5 e b Ly sl aiaies slaalils
Ngd oo s alwd g0 a4 Y pile clagSs
CHS 5 st b by Sl I sl o
sloasboles s5lasl ol 5 coas 5l 090y YT wile

O3l o 093 9 (Sane dielige

L’bod/d‘;w))gjué@'.r/
oads iy, sl el )l 4y bgs e slaosly Joloe )
HSE

PM oulls iy yo5 sl ol )y a bogs o (slosls o ¥

99

a3l ool pisu sl Gl ol egh o
5 VHMS yiucsns TPMS incpos Ao 3 doigh niamen

Solg o Sl wolg> (sla el )by 1y Dispatching g
OFSE &S wBlos de sz g sl el 5 (Sl
O,lge dy azgi il 0ais ploeil aiey ol jo (slaxdlas
ol 4 e g Sl (y900 gl ol el 390
Al dalg ae Cado ad byl S 0gps o W] ais;

Qe oo i He8 3 glapiuw (V) IS0

Mooey =

SV o Gl aog el oyl
S0 plsged (Frd Jlad o @ly ool S une
ol s s bgs e sloools dul o sl 0y plovi
3,5 slulis (PM: preventive maintenance) 5 HSE
S @by oSl (Sl ol ol bl L
e ol jolo gbades > g sl Gl (oo
Sebe yos (SEY Bras (g Bpan (o89) 1
5 oedle (SBsels Gley (Sl 2l g S
5 8 09,5 90,0 Lools g ceilangSS ael p b csllae
G dwd (55 de diadigr sladilels (g3lasl ol 51 o
oidh e 5 (G Elaite dacn) Sz 5l a,S
0318 (5y5laez (gl oo cod Sledbl ple g aill, 4o
oy ol Lol Al o ¥ 5115 il o eolicl
5 Jelo 5 Losls (s slmer oyl (plolis 5 o]
o o a8 conloads LSas p8 VY (o ool ow)
Al e ala>de BB (Y)

lojiolb (plolid 5 4yl (o) 0 )

adllas 5,50 anslr Sl Gloasd3l g adgl ooy )
e olw )3 j5a> Gl jemme oS

diadgn slaailelu o)l adsl Sldllas 5 (pwyy ¥
RV

P9y S5 4 HSE slayal )l plolid 5 fuad ¥

IR

1o jlgy /) oylaids /1IE sla 1S iy § Cublagy aslilos


https://jhsw.tums.ac.ir/article-1-6941-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

ohSes §)l3)S o aspues

|.|‘|‘|‘|‘|‘|.|‘|‘|‘|‘|

(ool Judxi o LS)ST fcd RESCH N @L..;L..fa 5 adgl ) OB dw j0 Gl wlEos3lg0 Lgl.mrsb’ YU

0ads (55l aex slrosls oled sl 3 a4 o3 g0 F
AilacaS Jlo s 5JUT 5lel 5l e

st =
o ol )ly plolid (Jol al>po jo Gubo sloaidly
(Sl @olg> sl 31w )le a5 Cuwl HSE 059> 0
9 a3l Gl g (Jame Cuns s @By Sliupas Solg>
@boled oyl izren 5 0ol olo slaasy >
o (S Bpae ol i le a5 PM ojg> ,0 ol
J9p TP g Bpas (g Sras (S S
pomsi solite 4 o8 Bpal ey (Silon oo
oy 4 (V) Jgoz bl asbpy b cdsllhe

1€ gy /1 a)ladd /1IE ala 1S (iay) § Cublagy aolilvs

Slo iy diatgn slaailela i 3l (s ¥
PM 5 HSE
Lgye jel)b ¥ g HSE & bgsye yiol )l F oolass
YE ggamme ;o el o 6l 0,8 Sl PM o
Lo o] 0,90 VY 4 Conl ooy a8 )5 a5 )0 diges
Ol 0,50 VY g iaiige slaailolu jl soliiul jl i 4
b oo diadigr sadilols l oslatul 5l o 4 bgs e
b wlale Oigo @ ool a5 cwl S 4 ey
o) oo VY Sl wiges VY 00 Oyle a4 cailons
bl os wiadgn slaalels jlyaiul jlan o L3 (JLo
5 3 il sm sanlie 5 (1) Jpaz 3 ol s
oolatul losls Ll 5 &b (51, SPSS 4 Excell (sla 5l


https://jhsw.tums.ac.ir/article-1-6941-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

e 3z OUT paiile siakge Saailsly j) astaiw) iaandl olas )

ore ST pile diedign gloailoles (g3lail ol 51 ey g Gl 4 by pe (sloosls Caogi ) Jso

(Slaxs) Sludl eolg> HSE

I Yo ©laxy) Slimpes Solg> HSE

\ Y (lawy) dass cos; 13y HSE

VWY VOf (3145) Aoy > 5 a3 HSE

AYHYE FF11 (ail>) Sl by PM

FATYY INARRS (cel) Sy de yae PM

FOIAY FAVYY () 59y Oy PM

OYYAAY FYVAY. () @ Bme PM

F Y (20y3) > £ PM

VEVOD VALY e e s PM
(Cele) prons

ary AAY (0 y3) CeilogSs asli s b cllas PM

S Sabe 5o (s gy bl ot gla el @ by e slaosls Julo 5 a3 5l Jolo gl Y Jgue

- IOVF 84.0 - I0VF —[5OY
.| ¥ YAP .| ¥ —Y/¥YY
NN YoaP BN —/ge¥
Niasi Ferd Nians —+IYAY
Nired YYAP Niied —-/a-¥f
<oy ~yrb SfeYY “YNYF
“IYAS .0 IYAS —[AS
/oYY .y.b /oYY RARES
- 16F) B0YP -16F) —+ /81
BB as ~fab BB as -Y/ Y
o[ ¥ ~¥ab .| ¥ -\/aay

J.wla‘_s.«o oo lie JJB (Y) ch..\? L
905! g2l Mann-Whitney (5l ;3031 b Gollao
Slre job 4y a5 3ls LIS () 3590 09,5 93 50
dde o (Slipms Soly> gla sl (p<0.05)
o shgels loy 5 Siles (i gus B pan (S
0,9 O W‘J.QSJ Mlﬁﬁ L\ ga.o.»Ua.«o 9 S )}.’a.é.c L
e YT ile araign slaailels (g5lal ol 5l e
Sguper 555 de (glaailelus 3l oolazwl 5l s 0,90 4y s

aslaisls

1ol

RN YVio

VEe/e Y/ sl @olg> HSE
WY/ ¥/ Sits Sole> HSE
VES/. e b Cany wlEy HSE
\YEIO OAIO Aoy, gl HSE
YYED Nl Sz B pas PM
VY Yol St dde yoe PM
\Yo/- ov/- Oy Spas PM
AR Yyl CS g B pae PM
1Y/ /0 <> PM

Bl ooy (Sl

ARIVES v/ PM

ot yelate a4y olKiws
CilagSs aalip b cdllas PM

Sl B  0als (5 55]aex slaools
Loy gol)b ¥ g HSE 4 bgiye ycolyly ¥ oolass
VY ggomme jo bl 5o sl o5 olulis PM 4,
Loye o] 0,00 VY a5 Conl ooy a5 a5 )0 diges
Ol 0,50 VY g aiaiige sladilolu I soliiwl i i &
bl diadign sladilols 3l solitusl §I yus 4 bogs o
ot st ailiale g s Lmoals 4 el (53 4y p3Y
5 5 (U ) ol VY LS aigai VY %5 S ks o
el ol bl o ataign (glatilelis |l 5l

1o jlgy /) oylaids /1IE sla 1S iy § Cublagy aslilos


https://jhsw.tums.ac.ir/article-1-6941-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

Gilw ool 51 (U Ol s o yo
oxo Y pdilo wabiga srailolu
N
o
G!.
d

-30

1n
T
o

-35 @

ohSes §)l3)S o aspues

-

N ™~

I ‘
3 o Anlo oL L cdslheo
. S Y aoliyp

S | 0, K5

-14.6

o iy ya5 sl il )l Some ST il sision gbaailols 1 eolaswl (sisu il ol ¥ IS

o> 5l s e g g 50 Wad sbdiolal s
e sld 5 Jelse a5 wd)S Az 5 Wo S )
Ol d 4 ailes o 00)lA5 o 5U Sally @olg> as
ol (Sasly Gl 1y bcaolaw g OMSlan b assS SS
Jlog ey )3 banze 5 oLl uils, Bl 4y
ollae .0sis Sgapn 9 9isd drwgs (HGV') S alis
3e,d, Jelge (V) ), o alﬂ axllas glaasl b
4 i ol a9 i alwg oSl £93 oo Jui
Al (Sausly wols> £98g 50 (ol

5 s (Y0) anlllas 10 )50t g oo,V
(E-VMS) Ll 26 ol o (sie (Sidg yiSUl addis oLy »
S g $ileSh 5 Bolas pllmsg; panis lp )
9 S oo a5l 5 Sl eslaiul b apme (35
() IS8 0 a5 pphailen wis)s Jol> oslhae s
sleaibeles hoolaiwl oosw il i el sonlise LB
sl 5l el 5o (shy (Gane ST rile wiaiign
OlSes 5 i aslllae (slaasily ol o 0351 35 ke
JE 5 Jom bt 5l oslial Jlacs; 10 55 (V1)
Gloaidl b cdllas 5 S Bran a8 aielse
ool 295

1. Heavy Good Vehicles

1€ jlgy /) ayladd /1€ ala (5 (ias) g Cublagy asliling

3 ’ ) =

51 oolaiwl sl ssnel (F) JSK& 50 a5 asSilen
syl Some OV ile aieign slaaslele
sl « Sy sbe jee ylil o Sliees Sols>
illae g (etle (D9el5 o) (e les (S g B pae
(p-value<0.05) cowl

(Slies oy slayall (V) Jgor Gllas
Sgo 4 Al alin b cdillae 5 edle SBgals
Sobe 4wl sgue (p-value<0.05) Slo sse
5 SEgw Spas (Sl Dol slayall sl
5 shalS Dl gy (ndle (phgals oloj (eSile
aolip b cisllas g S die e slo iyl (6l
el 009y ol 3l Ol s Wiy Cudlag S

slawly ;o (7)) (Lo 5 e (c8le axlllas o
S ily wolg> ralS’ g0 45 (supervisory coaching)
Oyl 30 g5 dslllae 4o e oo (uSw adis Jilug

g ol slage s olaad jielly aw ly (Sl »


https://jhsw.tums.ac.ir/article-1-6941-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

e 3328 O paibls siaibge slawilols il asaiml ¢iani) oliss cuyp

Cod prle als ol ey 5 Lialesl aiges x>
GBS @l 50,5 JpuS 1) Jelse oy > g 5l

.0)9] Cawd

10598 9 5L
e ailoe p3Y 095 Alie ol ey
sle s e el 1, 05 S5 5 o8
S OLilal gl Lol T e85 5 g dgeds (S
plel caio ysl ool b 1) Bl plowl (gl o3Y Ll

é)lél o bsMe
oegi S sol I 59
pole olSiils B apaS 3l anlllas ol B oS

IRSBMU. colas! awlis 4 g dugd Sop
3,5 2l o PHNS.REC.1400.108

‘;Lo ‘5.0[.‘> =
aj el 2> ye g aie g 3l ol anlllas yo

] 0092

&lo ol =
il 5 S iy Sl sy
20,55 oalice

REFERENCES
1. Loow J, Abrahamsson L, Johansson J. Mining 4.0—

The impact of new technology from a work place
perspective. Min Metall Explor. 2019;36:701-7.

2. TFelipe-Blanch JJ, Frejjo-Alvarez M, Alfonso B,
Sanmiquel-Pera L, Vintr6-Sanchez C. Occupational
injuries in the mining sector (2000-2010). Comparison
with the construction sector. Dyna. 2014;81(186):153-8.

3. Vaitkus A, Strumskys M, Jasitiniené V, Jateikiené L,

oSBT o Sen g 6 oS Taslllas 4y ax 5 L,
S cod gl (23l S ST S s dunlie
Slo s )3 Ze s slome d> (i b Bl o0 45 S
31 39b) Slalss 5l ()15 o (slo poase 9 (g
oSy alllae gl 4 azgi b.0,S 28l 0 (Glre Sy
8 g Jo ps Slaladl ol lis a5 (V) )], Se 4
wsls (Sl el g ke b Wi e diedse
Wb e @l 4 olsws e (Jlb ol b bl il
(individual performances) (0,8 o,Slec oS5 il
Cewd 4y spolin gl oo adlae ol o 005 L)
2l 358 00 drogi sl Slo APl Sgngn (el 4S Al
50 5 Ll 38 5 sl ol

G el =
loalels I oslitul 45 ol s b, gl
5 e Sl Wl o Some YT yile diadign
heoteny Sl Gmals VT (pile eyl i
Lilyd S Grimes 9 CEsw Srae dle |
ol el )b asl atsls K a1 pile cnlags
9 ] (e Sy 28y (Sludl Bolg> alex
(P 390 TR s D) Sran (S B pae e >
Dolas aslllae b 0 (o) (b 45 Wog ol el
@ Sl Son pol cpl el Cws @ gyl 51 (6 lobine
ooy aslllas 0,50 b g 3,190 (nl oo slap sl Jds
Ol L oanT Slalllas 13 595 oo dpogi (lply caly

Andriejauskas T, Skrodenis D. Effect of intelligent
transport systems on traffic safety. BJRBE. 2016;1
1(2):136-43.

4. You S, Krage M, Jalics L. Overview of remote diagnosis
and maintenance for automotive systems. SAE
Technical Paper; 2005. Report No.: 0148-7191.

5. Allen R, Norwood W. Vehicle service and maintenance
tracking systems. Google Patents; 2002.

6.  Campos FT, Mills WN, Graves ML, editors. A reference

1o jlgy /) oylaids /1IE sla 1S iy § Cublagy aslilos


https://jhsw.tums.ac.ir/article-1-6941-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-12-22 ]

10.

11.

12.

13.

14.

15.

16.

architecture for remote diagnostics and prognostics
applications. Proceedings, IEEE Autotestcon; 2002:
IEEE.

Deb S, Domagala C, Ghoshal S, Patterson-Hine A,
Alena R, editors. Remote diagnosis of the International
Space Station utilizing telemetry data. Component
and Systems Diagnostics, Prognosis, and Health
Management; 2001: SPIE.

Dix PJ. Remote vehicle diagnostic system. Google
Patents; 2004.

Heil ], Freed C, Trella M. Remote diagnostic system to
increase productivity. Iron Steel Eng. 1998;75(2):60-2.
Klausner M, Dietrich A. Autonomous in-vehicle
navigation system and diagnostic system. Google
Patents; 2008.

Qiu C-d, Ren G. A real-time remote fault diagnosis
system from marine vessels with simulation studies. J
Syst Simul. 2002;14(10):1376-9.

Suman M]J, Welling TL, Zeinstra ML, Lhamon RT,
Nichelson MT. Vehicle communication and remote
control system. Google Patents; 2000.

Nasir MK, Md Noor R, Kalam M, Masum B. Reduction
of fuel consumption and exhaust pollutant using
intelligent transport systems. Sci World J. 2014;2014.
Ahmed M, Sattari MR]J, Nasir MK, Ghahremani S,
Khorsandroo S, Ali SAS, et al. Vehicle adhoc sensor
network framework to provide green communication
for urban operation rescue. Lect Notes Inf Theory.
2013;1(2).

Hartenstein H, Laberteaux L. A tutorial survey on
vehicular ad hoc networks. IEEE Commun Mag.
2008;46(6):164-71.

Karagiannis G, Altintas O, Ekici E, Hejjenk G, Jarupan
B, Lin K, et al. Vehicular networking: A survey and

tutorial on requirements, architectures, challenges,

e )lgy /) oyladds /1€ sl IS (ien) § Caublag) asliling

17.

18.

19.

20.

21.

22.

23.

24.

25.

ohSes §)l3)S o aspues

standards and solutions. IEEE Commun Surv Tutor.
2011;13(4):584-616.

Murakami T, Saigo T, Ohkura Y, Okawa Y, Taninaga
T. Development of vehicle health monitoring system
(VHMS/WebCARE) for large-sized construction
machine. KSCE ] Civ Eng. 2002;48(150):15-21.
Velupillai S, Guvenc LJ. Tire pressure monitoring
[applications of control]. IEEE Control Syst Mag.
2007;27(6):22-5.

Haas EJ, Yorio PJ. Exploring the state of health and
safety management system performance measurement
in mining organizations. Saf Sci. 2016;83:48-58.
Larsson J, Broxvall M, Saffiotti A, editors. An evaluation
of local autonomy applied to teleoperated vehicles
in underground mines. 2010 IEEE International
Conference on Robotics and Automation; 2010: IEEE.
Aguirre-Jofré H, Eyre M, Valerio S, Vogt D. Low-cost
internet of things (IoT) for monitoring and optimising
mining small-scale trucks and surface mining shovels.
Autom Constr. 2021;131:103918.

Bnouachir H, Semmar A, Medromi H. Intelligent Fleet
Management System for Open Pit Mine.

Mase JM, Majid S, Mesgarpour M, Torres MT, Figueredo
GP, Chapman P. Evaluating the impact of heavy goods
vehicle driver monitoring and coaching to reduce risky
behaviour. Accid Anal Prev. 2020;146:105754.

Azad P, Halvani GH, Najimi MR, Kouhnavard B.
Investigating the role of behavioral factors in non-
fatal accidents of urban and suburban driver. JHSW.
2015;5(3):13-20.

Alagarsamy M, Kasinathan P, Manickam G,
Duruvarajan PR, Sakkarai J, Suriyan K. IoT based
E-vehicle monitoring system using sensors and imaging
processing algorithm. Int ] Reconfigurable Embed Syst.
2022;2089(4864):4864.


https://jhsw.tums.ac.ir/article-1-6941-en.html
http://www.tcpdf.org

