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Mostafa Zeidabadinejad

Email: zeidabadi m@nicico.com

zeidabadi.mostafa@ut.ac.ir
Mobile: +98913-346094
Tel: +9834-34302701
Fax: +9834-34302702
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Hierarchy of Hazard control

More Elimination
effective Physically remove the hazard

Substitution
Replace the hazard

Engineering Controls
Isolate workers from the hazard

Administrative
Controls

Change the way work is performed

PPE

Protect the worker
with personal
protective
equipment

Less
effective




Industrial revolutions and future view

Mechanization, Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems

Industrial revolutions and future view =
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Modern technologies, including the digital revolution
and the communication revolution, with emphasis on
their effects on cultures worldwide.



Some types Of Safety Technologies
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Internet of Things (loT)-based technologies,
such as wearables and sensors

Smart _Ei”g Smart Glasses
‘@) N
Smart Finger . J \'ﬁl‘i‘ /
N P ~——" Smart Shirt
‘, 1Y I ‘With f"f.'-a-‘tl& .'-:sgiu ation
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Smart u il ' :. " .|
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N\ [ ! ' [ |
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Baby Control . T
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S Key Tracker
Smart Belt / é\
. DI—— | \&/
-‘\\.______.f/:
Smart Pants
PSR Smart Shoes
( n | Smart / N
'-.\ /  Socks "._‘ A
S I;f.—-" _ ‘\\ ] “, - ,.-",r
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Wearable Device Technology and Its
Applications to the Mining Industry

a) sensor-equipped mine safety vest; (b) miner wearing Recon Jet Smart Eyewear;
(c) miner using Epson Moverio BT-2200; (d) sensor-equipped safety helmet;
(e) smartwatch.
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Autonomous Haulage System

e [ISO 17757:2017(Earth- moving machinery and mining- Autonomous
and semi- autonomous machine system safety)

KOMATSU

Autonomous Haulage
System (AHS)

Your success, powered by our expertise,
solutions and support

(q0)
AHS ‘ Autoramous Hissdage Systes Wﬁtunne'{o?




Why Use Autonomous Truck?

Benefits of using autonomous truck:

e Reduction in number of incidents and
collisions

* 15% productivity increase

* 13% reduction in overall maintenance

* 40% improvement on tire life

 Up to 12% reduction in movement
time

* Up to 20% reduction in fuel usage
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Year Company Mine Location Trucks
Gabnela Mistral Chule, Komatsu 930E (290 t)
.
2007 Codeleo (copper ore) Antofagasta — 18 umits
2008 Rio Tinto West Angelas Australia, Komatsu 930E (290 t)
(rom ore) Pilbara — 15 umits
Navajo Mine USA Caterpillar 793F (227 t)
.
20111  BHP Billiton (coal) New Mexico — 3 units (trial)
Yandicoogina Anstralia, Komatsn 930E (290 1)
012
2012 Fuo Tanto (1ron ore) Pilbara — 22 umts
- Hope Downs 4 Australia, Komatsu 930E (290 1)
20121 Ruo Tinto (iron ore) Pilbara — 19 units
2012 Fortescue Solomon Hub Australia, Caterpallar 793F (227 1)
~ 7| Metals Group (iron ore) Pilbara — 64 umits
R NWamumuldn Australia, Komatsu 930E (290 t)
¥
-0 Fuo Tuto (1ron ore) Pulbara = 30 wmis
o Jimblebar Australia, Caterpillar T93F (227 t)
2014 EHP Dillion (iron ore) Pilbara — 50 unuts
Silvergrass Aunstralia, Komatsn @30E (290 t)
.
2017 Fuo Tanto (ron ora) Pilbara — 10 umts
Meandun Anstralia, Hitacha EHS000 (296 t)
¥ ,
20171 Stanwell (coal) Queensiand _ 3 units (trial)
2018 Fortescue Christmas Creek Australia, Caterpallar 789D (181 t)
- Metals Group (iron ore) Pilbara — 35 units
Morth Steepbank Canada, Komatsu 930E, 980E
N
2018 | Suncor Energy {oil sands) Alberia — 20 units
. South Arturo USA, Komatsu 930E (290 1)
2018 Bamck Gold (gold) Nevada _ 5 units
2019 Fortescue Cloudbreak Australia, Caterpillar 789D (181 t)
B Metals Group (iron ore) Pilbara — 38 umts
Brucutn Brazl, Caterpillar 793F (227 t)
5
2019 Vale S.A. (ron ora) Minas Germs — 13 umts
Brenney Kalk Norway, Volvo FHI16 (75 1)
2 r - -
2019 | Breunay Kalk AS (timestone) Velfjord — 6 units (trial)
2019 SUEK-Khakassia | Chemogorsky Cut Russia, BelAZ 7513R (130 1)
- LLC (coal) Khakassia — 2 units (trial)
2020 State Power South Coal Mine China, XEMC SF31904 (108 1)
=7 | Investment Corp. {coal) Inner Mongolia — 2 umits (trial)
. _ Maules Creek Austraha, Hitachu EH5000 (296 t)
2020 | Whitehaven Coal {coal) New South Wales — 6 umits
Yeristovo Mine Ukraine, Caterpillar 789C, 793D
TN eﬂe‘xp
2020 F ° {iron ore) Poltava Region = 15 umts
N Koodaden Anstralia, Caterpillar 793F (227 t)
TP
2020 Fao Tinto {1ron ore) Palbara = 20 umits
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Autonomous Truck Belaz-7513R

BELAZ-7513R features:

* Payload capacity: 130-160 ton
* Engine model: CUMMINS KTA 50-C
* Ergonomic cabin




Remote and Autonomous Control features

Collision avoidance system:

* Detection range: up to 60m

* Viewing angle: 120

High-precision satellite navigation system:

* Receiver type :tow channel GPS/GLONASS

 Number of antennas: 2pcs

* Positioning accuracy: 10 cmz=

Wireless data transmission equipment:

* Radio frequency ranges :2400-2480 MHz,
916.5-924.5 MHz

 Communication: scalable for operating
conditions (other radio frequency ranges are
possible)

Camera:

* Number of active pixels: 720x480

* Light sensitivity: less than 0.25 lux ( equal to
full moon on a clear night)

e Protection class: IP69k




Autonomous Haulage System

Experience matters

11

Dy kel
YEARS

Since our first commercial AHS deployment
in 2008, we've been building a steady
track record of success

In that time, there have been

(£
%@#

injuries involving Komatsu's AHS

2 billion+ tons of material hauled

1
%) ot o5l

Around-the-clock Muitiple applications: copper, 130 + trucks
efficiency iron ore & oil sands in operation

S~ PO

-

Reducing costs

Load and haul unit cost
reduced by up to

15%

Minimizing your footprint

CO,

With AHS, your operations
will consume less fuel
and emit less C02

Extending tire life

Optimized automatic controls reduce
sudden acceleration and abrupt steering

resulting in a 40 A) improvement

in tire life compared to manned operations

000 . 00000
000 ° 00000

Removing workers
from harm's way

The latest technology helps you
improve safety and efficiency

=i
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In- pit Crushing and Conveying
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ISO/TC 127/SC 2 - ISO/TC 82/SC 8 - ISO/TC
195 WG: Collision awareness and avoidance

Antennas

Vehicle Display Unit
(with audible & visual
FID Personal Tag proximity alerts)

’ / x‘
- 7 2 .
N ' .
i Display Scre !
Optional RF proximity sensors

Optional Cameras(x4)&
[ | JUPSRSSONE FESS T Spppea———— 1)
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May 2021 AN (Y8 W hsb gSlQM 6)&&)'}5’ '
* *0
Sun Mon Tue Wed Thu \\
o \
23 N\
\
A
"'\.
\
]
/s
23 24 25 26 27 28 29 //

30 31 1 2 3 4 2360

Time:2021-05-22 05:18:34
Today Speed:0 km/h A\
Position:55.8645861,29.953705 \\

Start Time

5/22/2021 [El~ |12:00:00 AM z

End Time )
=7 -
-
T
Search Export Excel f,’; ;f
o .' =
%I Leaflet | Map data @ OpenStreetMap
pee ate No Time peed ongi L=}
Play Speed Plate N s km/h Longitud
1 2360 2021-05-22 0 D 55.865643 9.955315 MNormal
2 2360 2021-05-22 05:... O 55.865017 29.953966 MNormal
3 2360 2021-05-22 05:... 0 55.864944 29.953823 MNormal
4 2360 2021-05-22 05:... O 55.864910 29.953770 MNormal
5 2360 2021-05-22 05:... 0 55.864891 29.953747 MNormal
6 2360 2021-05-22 05:... O 55.864880 29.953733 MNormal
7 2360 2021-05-22 05:... 0 55.864868 29.953718 MNormal
8 2360 2021-05-22 05:... O 55.864861 29.953705 MNormal
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GPS Tracking

Managed by cellphone APP Wi-Fi
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I P1.Person (drect) L4-Dovetailing C1-Curving Head-on 2-Cros

A\

C2-Curving Dovetail
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\%

C3-Curving Reverse-on
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Table 7: Scenario Reqguirements — ADT

Speed R kmih
Levels of Control By Technology R
Scanario PUE % = ol o2 2 é MNodes
aglela|e(®leola|2]a
LEVEL7 |Operator Awareness Alerts the operator o ”
: . L1-Head-on PUEZ| 7 | 7 8 | slow down only =10 km'h
LEVEL8 | Advisory Controls Advises the operator L 2-Reverse-on puEz| 7 [ 7 -
L4-Dowvatailing PUEZ| ¥ | T T 7 B |slow down only =10 km/'h
L5-Passing Head-on PUE2| 7 | 7 | 7| T 8 | 8B (8 | B [minimisa false positives
L&-Passing Reverse-on |PUEZ| 8 | & B (& T| T T | T |minimisa false positives
L7-Overtaking puez| 7| 7|7 |7 @ [ 8| &8 | B |minimise false positives
L&-Blind Approach PUEZ| 7 | T T 7 B |slow down only =10 km'h
T1-Merge PUE2| 7 | 7 | 7T | T 8 | slow down only =10 km/h
TZ2-Crossowver PUEZ| 7 | T T 7 B |slow down only =10 km'h
A‘“ ,u & AJ . ‘ T3-Junction puez| 7|7 |7 |7 B |slow down enly =10 kmi/h
HP AU Ad (d 4‘91 T4-Intersaction puez| 7| 7|7 |7 B |slow down only =10 km/h
Prlorlty Unwanted Event 3 &" Jg v ‘9 O1- Obstacke PUE3| 7 | 7 7 |e.g. geofence or radar
P1-Person (direct) PUET| 7 | 7 T |e.g. radar
' ' HE IR ! P3-Person (indirect) PUE1 . -
PUEL  |VP |Equipment to Person Interaction Abosbpdyl s TEIEAE; e g
Véd-Loss of Control® PUE4 | - - B |speed control anly, slow down =10 kmih
PUE2 |V |Equipment to Equipment Interaction Ve L NERVIEY: gy (e N Y] R 8 e geofence & racer
L N . N N C2-Curving Head-on PUEZ2| 7 | 7 B
PUES  |VE  |Equipment to Infrastructure Collision Bl R e 1gd g [cCuning Roverseon [Puez[ 7 |7 7 [ sow down oy 10 i
R1-Swing PUEZ ) - - - -
. n RN v R2-Drap PUE1 - - - - | -
PUE4  |LoC |Uncontrolled Equipment / Attachment oddly JAS ) QAp M| o T I R S S S R S
P4-Access & Egress PUE1| - - - - - - - - -
Key o Tabla:

a) PUE1 = Equipment o Person Interaction;

b} PUEZ = Equipment o Equipmeant Interaction;

c) PUE3 = Equipment o Environmeant Interaction (spacifically obstaclas and no-go areas);
d} PUE4 = Uncontrolled Equipmeant [ Attachment

a) Rafer to Figure 2 for definitions of confral leveals 1-9
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Table 9: Scenario Reguiremeants - LDW

Speead Rangea (kmih)
Levels of Control By Technology fovarse  [WI|  Formwasd
Scanaroa PUE £ - = = = & Motes
Z2le|a|=||=s|a|2|&
LEVEL7 [Operator Awareness Alerts the operator L1-Headon PuEZ | 7 |7 |7 |7 |7 |7 |7 |7 |7
LZ2-Revaerss-on PUEZ | T T T T T 7 T T T
LEVEL8 [ Advisory Controls Advises the operator L3-Backup poez |7 [7 |7z |7 7|77+
La-Dovetailing PUEZ | T o T T T T r Li T
LE-Passing Revarsa-on PUEZ2 - - - -
L7-Overtaking PUEZ - - - -
LB8-Blind Approach PUEZ | T T T T T T r Li T
T1-Marge PUEZ2 - - N = -
N m T2-Crossaver PUEZ2 - - - - =
Priority Unwanted Event A gali gy s AdCgglyl)  [Bmcen IEARAEEEAEEEEEEE
0 1- Obstacla PUE3 - - - - -
. . ..u..‘m . P1-Parson (diract) PLUE" - - =
PUE1 V-P  |Equipment to Person Interaction AUl 92y [Pa-Person Gnairecty | PUET |- -
W -AVaid PUE3 | - - - - -
. . . v . o ' Wd-Loss of Comtrol® PUE4 | - - - - -
PUE2 V-V |Equipment to Equipment Interaction L R Y e e T A E A E A R A E A E A EA A
7 : : C1-Curving Davetail PUEZ2 - - - = -
PUE3  |V-E |Equipment to Infrastructure Collision hpatilpnhada gdy  [CzCumimotieadon JPuezl |- |- Sk
] - e o b X R 1-Swing PUEZ - - - | -
PUE4 LoC |Uncontrolled Equipment / Attachment 0l JAS ) gadg pa 52 Drop et - -
-Dhrop - = - =
Pa-Accass & Egrass PUE1 - - - =
ey o Tabla:

a) PUE1 = Eguipmeant to Person Inferaction;

by PUEZ = Equipmeant io Equipment Interaction;

c) PUE3 = Equipmeant io Environmeant Interaction (specifically obstacles amd no-go areas);
d} PUE4 = Uncontrallad Eguipmant [ Aftachimeani

a) Reafer to Figura 2 for definitions of conirol levals 1-9
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EGO PRO 5 b Sy polal uo a3 4igod

*  WVizual & sound alarm
detection range
tem Diagnos
* Records log - NearMizz Analyzis
* Records driver ID

* Alarm configurability with touch screen

.

EGOPro Safe MOVE decreases the likeliho-
od of accidents between forklifts and pe-
destrians sharing the same working envi-
ronment

The system brings added value in terms
of safety, enhancing the forklift technical
performances.

It alerts the driver in real time, with sound
and visual alams, about the presence and
position of workers, which are equipped
with an active PPE, when entering the ha-
zardous area around the vehicle.

The driver is then able to promptly take
the most proper decision in order to avoid
hits with workers or with other vehicles.

The system can:

Indoor zpeed

Decrease the risk of accidents

Make safer working places

Help the driver in poor visibility conditions
Maximize logistics efficiency

Increase safety procedures

e

Narrow lane

senzor senzor

Pre-operation
Check lizt

WiFi data tranzfer

Driver login with pazzword or badge

Detection at great
regulated distances, up to

40 meters

Adaptable to any
kind of vehicle and
industrial applications.

The alarm s active only in
the presence of relevant

ar

obstacle’s TAG

The display
all the self-diagnostic
posts of the devices

shows Adaplivity of the
detection range
compared to speed

360° detection tone
ble detection range up to 40 meters

Self diagnostic

Long operation e ( 3-5 yearz)
Perzonal TAG Integrated with PPE

Dizabling TAG Driver

EGOpro MANAGER
NEAR MISS ANALYSIS




EGO PRO & ob 51 gad polal wo i b1 30
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QM? 4.»..3) }"’JB,' ) Records driver ID
oy & olais! id o> ° Alarm configurability with touch screen
axio by ﬁ)YT Ay bl e P
o) o lod

Visual & sound alarm

Adaptiv detection range
System Diagnostic

Records log - NearMiss Analysis

360° detection zone
Adaptable detection range up to 40 meters
Self diagnostic

Long operation life ( 3-5 years)
Personal TAG integrated with PPE
Disabling TAG Driver
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FIGURE 1.—Schematic of rear-end collision.
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Central
0 lube unit
d100 00
Whee!
Fire extinguisher chocks

Fire suppression switch
Emergency engine kill switch
FIGURE 6.—Extended bumper with improved ladder system.
 Sh |

Wheel~ Emergency engine’
chocks kill switch

Fire suppression
switch

FIGURE 5.—Extended bumper design concept.

Fire extinguisher
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LONGITUDINAL 1 2
LOAD AT W/2 . ) =3
“. . g
- 1 -
]
"~ LOAD ZONE
| LATERAL LOAD AND VERTICAL
1 - LOAD WITHIN THIS LEMGTH
BOUMDARY PLANES ’__,.-ID MM (TYP)
OF THE DLY -
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ICMM nine level model

Control Categories

Improve the design of mines
and mining equipment.

Increase operational discipline.
This can include technology
supports for existing controls
e.g. cameras in cabins

Introduce new technology to:
*Alert (Level 7)

*Alert & advise (Level 8)

* Intervene (Level 9)
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r
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\

Control Levels
1. Site Requirements
2. Segregation Controls
3. Operating Procedures
4. Authority to Operate

5. Fitness to Operate

6. Operating Compliance

7. Operator Awareness

8. Advisory Controls

9. Intervention Controls

Control Examples

Equipment specifications, standards, mine
design/plans

Berms, access control, traffic segregation, work
planning separating mining activities

Formal operating and maintenance practices:
e.qg. road rules,communication protocols, work
instructions, isolations etc.

Training, licences, induction, site access
control etc.

Fatigue and stress state, alcohol and other drugs
management, medicals to confirm capability etc.

Equipment pre-start check, equipment health
monitoring, operator performance monitoring etc.

Cameras, live maps, mirrors, lights, visible
delineators, simple proximity alerts

Alerts with advice: e.g. directional proximity
alerts, fatigue monitoring systems, over-speed,
vehicle stability

Non-operator intervention: equipment slow-stop,
interlock for start or rollback, retarder etc.




Hierarchy of control

More Elimination

effective Physically remove the hazard

Substitution
Replace the hazard

Engineering Controls
Isolate workers from the hazard

Administrative
Controls

Change the way work is performed

PPE

Protect the worker
with personal
protective
equipment

Less
effective



Managing Risks For Success

*Safety is a value, not a
priority

THANK YOU




