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« Autonomous machinery & robotics
« Machine connectivity & lloT solution

* Fuel efficiency & low-or zero-emissions

« Improved ergonomics & operator comfort

—d Connectivity Tech.

The Future of Onsite Safety: Introducing
Samsung C&T's SEMSS

2
Sandvik DD422iS
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Fully Autonomous Construction

Innovation
Progress

Y g

- g Smart Construction

=
%ﬁ intelligent Machine Control
%

|
Telematics Service Rutdnoious h{aniage

3

ﬁ Hybrid & Electric Excavator

ﬁ Hydraulic Excavator
» <
ﬂ Wire Excavator
— '

Tech

_ Fleet Management
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» MEP: Mechanical, electrical and Plumbing
» CM: Construction manager
» GC: General contractor
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1 Total 1 HSE Check for Employee
ost/stolen |9 I
© :
. coences |
Structural .
Location Name Asset Group Nam# 4 Scan Code Manufacturer Description State Responsible Employee
& Tekla 1
LostStolen 172° orills | 10043578 Mitwaukee Sawzall in Warehouse Frank Baver
Office Bullding 1/2° Dl : 10043371 onsite John Hooper
Office Bullding 142" Orills : 10043576 Mitwaukee 1/2"5.5 Amp Mag... | On site John Hooper
Office Building 172" Drills : 10043605 Mitwaukee 1/2"8 Amp Magn. | on site John Hooper
172" Drilis : 10043298 DEWALT DRILLS 172" | In Warehouse john Inman
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Work smarter, faster and more profitably with highly productive,
integrated and innovative solutions for the complete job site to
keep you on track throughout the project lifecycle.

PLAN

50%

FASTER

MODEL

25% |

SAVINGS

EXCAVATE

30%

- SAVINGS o
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= Communication—
‘ Receiving antenna antenna
GPS satelte '-’:’g :
The satsllite sends ;
ok o ' KOMTRAX terminal
venicles ]

The “daily” vehicles A
Vehicle sensor

Data from vehidles is accumuiated and
mmgad in the database and provided o
Report  Communicatir Transmission

internet Sales representatives
of Komatsu
2

Komatsu network

Customers

Customers can check the posiSion and
operations of vehicies a5 well as other smilar . ) Accurate Sales representatives watch customers’ vehicies
m:‘ﬂmmmmmds- "_‘ £\ _service and make efforts 1o improve vehicle maintenance

KOMTRAX is a monitoring system for the use of vehicles that are
always in the best possible condition
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0|2 Al J|=: Smart Construction

Smart
Construction

Rolling Compaction
Frequency Information

Position
Information

3D Data 3D Data 3D Data 3D Data

Drones

Measurement
Equipment

30 Design Data

ICT Construction
Equipment

Implementation History Data

Everyday Drone Survey

Drone Shooting Data

Trackin%
Management System

Vehicles,
Dump Trucks, etc.

o‘fl:' s

Dump Truck Operation Data
(Japan Market)

Rolling Compaction
Management System
(Japan Market)
Rolling Compactors

(Rolling Compaction
Management Software)

Rolling Compaction Frequency Data
(Japan Marke)
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: ; Machine/Human " i
Laser Guide Module Telematics Connected System Tracking WAN System V2V(Vehicle to Vehicle) H2i(Human to Infra)  V2l(Vehicle to Infra)

Work - Site Analysis Work - Site
Drone/Scanner System  Mapping System

Work & Driving GNSS Antenna & Controller
Path Generation System

> > i ‘ Electronicall
Smart Attachment / '\ Controlled Mcyv (Electro HydraulicActuator) EPPR Valve
(ICT, Auto Control, Terrain Estimation) X
v . —m
"Nh'o'mm
4 '’ ~ -
Position Sensing IMU (Inertial Brushless motor Electronic Motor Inverter ) e it B b
Stroke Sensing Cylinder Rotate Device Measurement Unit) generator unit Active Safety System Maintenance prior estimation System

2018 A0E 7148 858 £ F 77| 7I'4+5 MY
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* Multi rig control (max. 3 machines)
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Depth
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GNSS sensor
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Functional Block Diagram

Al S0rs Automated Driving Algorithms
Vehicle Dynamics Sensors

Action
Dynamics
Model

Planning

Path Planning
(Logical Layer)

Decision

Behavioral Function
(Behavioral Layer)

Perception

Environmental Model & Ego
Localization

Data Fusion &
Filtering

Sensing

Environmental &
Ego Motion

Object
Detection

Actuator
Control

Situation
Analysis &
Interpretation

Dynamic
Path
Control

Scene
Description

Working

Vehicle Model
Strategy

& Arbitration

Actuator
Control

Detection
+ Barrier Detection
» Etc.

Free Space
Detection

Ego Motion
Detection

* IMU
« Angle Sensor
* Hyd. Sensor

» Object Description
& Prediction{e.g.
Human, Truck)
Material
Description&
Prediction(e.g.
Pipe).

Free Space
Description &
Prediction(e.g.
Filling, Cutting,
Trench, Pit, )

Ego Vehicle
Description &
Prediction(e.g.
Driving,
Excavating,
Stop)

« Situation Analysis/TreatmentAccess

« Situation Interpretation/Decision Making/Function

Selection

« Emergen
cy Brake
Function

« Emergen
cy Swing
Function

« Emergen
cy Dig.
Function

* Normal
Driving
Function

* Normal

Digging
Function

« Dynamic Trajectory Decision

Path Planning

' Kinematic Path Vector

« Dynamic Swing

« Dynamic Trajectory Planning/Logical Arbitration
Planning

« Dynamic Travelling Path

Human Machine Interface

HMI Preparation

HMI Control

+ VYehicle Modeling

c
o
=
o
=
=
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Block schema of complete system

Vehicle with sensors / actors

. 5 X ADAS sensors
Functional Block Diagram for Automated Driving [ Vehicie dynamics sensors |
Sensing Perception Decision Planning 5 Action
Ervronmental Model Behavioral Functicn | | Path Panning £ Dynamics Actuator
& Ego Localzation (Bahavioral Layer) ‘ (Logical Layer) g Mode! Control
£ (Phyysical Layer)
Dotn Fusion Scone SEaton Driving Oynamic &
& Fitering Descnption Analysis & Srmagyy l‘_”\.L.Mmo § ;;:v"l r-' Mode!
== | [ nterpeion = e
L — e E B
rn ||| peckion = Hincion 3|l :
Morkings | ILocakzanon) i x
= —(lll §
Baundares g Siearng 3= C>
; = :
Fio9 50303 o ¥ E [ 31
Fusion Free Syace || © ! = | [Nommal z 2
in = Dxiving
Ovcupancy 5 b 13 E Function ! g
G| Practon || 8 } !
. . &
Driver e il 118
- Dagross
3 I £go Vehica ! | T
O —
B & PR == =y
(Lecatzasen) | | M Preparaton HM Conrol

Repositories
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V-cycle JI &

MILS, SILS, PILS, SPILS, HILSS| B &

Metaverse ™ Digital TwinS

2r2 510 714 Proto type9_| Concept Machine® Soff ZH| M5 1 M
EE{ HILS ProcessO| A] 2t& Simulator Software S

MEE HASt D HO A2 S HESH= MiLs
LS E£3H0|B MI|E MAS] U IUD S SOf|A %* o= % g
SDR" gate PDR*® gate DDR7 gate CDR®gate
L  / ‘ \  / SOP
HE7I1= /' MiLs™ > SILS2) ) HILS' ) AKX Proto A| AR 75%> Pilot & A|/2FAHEH| >
) . « Simulator for Marketing and Sales
l Validation > AXp AIE (Gubimeta | %} OEM 3 &)
MILS' PG’
I - B am G
N Verification - (Device) (Equipment)
SILS*2 s/w 7| 524 o s/wIISAE
HILS™
HO{7] (Processor, S Algo]M
29) (Model) Verification A 0171
(Device)
s/w 2EEAA ::> S/WEEAH PILs*"

Hot7| (Mcu)
H/wW A /M=

NESR J
] (Model)

[

|
r—

Human(Zii X}, Client) in the Loop |

2023. 11. 15.

MILS"": Modeling In the Loop Simulation ,SILS™: Software In the Loop Simulation, PILS™: Processor In the Loop Simulation, HILS™: Hardware In the Loop Simulation, PG™: Proving Ground, SWM'®: Server with Metaverse, SWT*7: Server with Digital Twin
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V-cycle JIZ ZE= M2

AR 7|2k Driving Simulator + RT MIL/SIL/PIL/HIL Simulator

o HM5HZE 71484 Proving Ground 7H'E
= Driving Simulator 7H'&: M5 7| 22 (3CH)+ =¥ -E 4+ Joystick

Server for AV

ooooo

IA‘ V\Avvava v

[y
\
k-vma».--..—l - 000

78
Time (sec)

Motion of
Boom, Arm &

Bucket Input Te

o — T

ooooooo

FFI AT — T T T

yinatP

Path Design ]_> Server for RT. Driving HIL bench
Table Algorithm Analyzer(NI Pxi) Simulator
< 7{_(1‘!_%}_%:]‘ "'/_\Irll\{*l;rél)
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Oj2j8iAlJ|= MILS @ KITECH & SKKU

www.BANDICAM:com

Olux| 28 AL 2

OlZ] 15% Bz #4718 HILS 7|8 FXLFLt Hoj7|& A%
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Target

Ly per = {Xpt Yor» Zoe }@b

Aper = {Opt, Y} @D

ToBe

Cia = {cs,cp,cchcp,cg,cg)

Cit = {cs,cp,ccrcp,CE C6)

9i,A = {95,,4' BB,A; eD,A; 6E,A}

|| 7 El A
o @ SO =214

9i,T = {HS,T» BB,T' 9D,T' eE,T}

17




371 71=ME

EI:!

MOl Jl=

AOi=tE(n,), HS7| |™-ZIEA @@, oA =2
Guide shell unit2| XA, &n}-Zo| ¢|X]|

Hydoylc, ) HZ7| gnals
37| eeAl2in 774 (Directional cosine matrixS
He o| 2%t ZtEHS

Mathematica

(+ & 2IE HRAZLS BOLA A AH0] O] RO X| = Xx)
(*dwspacementhematchyHydCyl A AElE 2, 07| M SE| A Al H\ OlH =8 Jt5w)

it 1atcicoord, 1atnicoord,
posioforilisi sageatad posioforills

{posiofprillsi , posioforillei itAtCiCoord)

1nit)) =

68,00,6€) : 8 JlzeE mauwe xqEE.

ideshellunitel X4l HE +)

72|&

M

cHt HiAlO 2 H{&} XI9
e i ks 5

Mathematica =& of

{xct, yct, zct} = posi0fbrillBitFronFrame0fBoonUnitAtCiCoord;

posiOfDrillBitAtACoord{5517.56, 1965.53, 3777.17}

Al ZEA {21,3,,335}8 7IES2 GuideShellUnite| XM {hy,h,,hs} XIMFEE £ (intrinsic): {yah,6ah,¢ah}=
{31.1032, 30.9201, 38.2336}
50 5| HHEA| &A|ZE
29 A= 7.0088 CH= TEA| A LA|ZE CHEEH

‘theta_d

main() {
GUBI_drillingmachine(C_U, C_S, C_B, C_C, C_D, C_E, C_G);|

return 0;

Microsoft Visual Studio Debug Console

theta_u = 0.0001 [degree]

theta_s = —24.1950 [degree]

theta_b 8 8590 [degree]
1409 [degree]

/O .0010 [degree]

5.323254219 [degree]

theta_e
theta_g

2H) M =

[

1965.531

deroarr|age

( 5517.558 [mm], [mm], 8777.165 [mm] )

236seconds
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ALHO] Point Cloud &

num=50000;
R=ConvexHullMesh[{{0,0,0},{1,0,0},{1,1,0},{0,1,0},{2,2,2},{3,2,2},{3.3,3,5},{2,3,2}}];
bounds=RegionBounds[R];
pts=RandomVariate[UniformDistribution[tolerance*bounds],num];

truePoints=Select[pts,RegionMember[R]]; Analysis time = 0.047

posiOfPts=Flatten@Position[RegionMember[R,pts], True]; Analysis time = 0.032
truePoints=pts[[#]]&/@posiOfPts;

truePoints=Pick[pts,RegionMember[R,pts], True]; Analysis time = 0.015

Usual digging control Undercarriage

19
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Inverse Kinematics GAl

o Design Variable: {{p,0¢¢}
o Cost fn.: dcmNtoX-dcmNtoD.dcmDtoE.dcmEtoF.dcmFtoG.dcmGtoH.dcmHtol.dcmltoX
o Constrain eq.: Ypi1< tmpPp<Ppy, 0L tMpO L0, -M<tMpp<n
o Eq. based on Constants: dcmNtoX, dcmNtoD, dcmEtoF, dcmHtol,dcmlitoX
o Eq. based on Design variables: dcmDtoE, dcmFtoG, dcmGtoH
* tmpdcmDtoE=EulerMatrix[{tmpyp, thetaD, phiD},dirIMU];
* tmpdcmFtoG=EulerMatrix[{psiF, tmpB , phiF},dirIMU];
* tmpdcmGtoH=EulerMatrix[{psiG, thetaG, tmpyg},dirlMU];

o tmpSol=NMinimize[{#.#&[Flatten[dcmNtoX-
dcmNtoD.tmpdcmDtoE.dcmEtoF.tmpdcmFtoG.tmpdcmGtoH.dcmHtol.decmltoX]], Ypi<

tmpWp<Ppy, BF1< tMpB <6, -<stmp@s<mt},{tmpyp,tmpOLtmp@s};

o {Up,0r@ps}=Values@tmpSol[[2]];

20
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® OEM Zf CABIN
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@ Simulator S/W

23 W& 2 (In down town)

OEM H=&H(FH| LA 712 3 O1AHIT)
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£ 8 SIMULATOR Architecture

SRESRERR Virtual Reality Training Simulator R

Monitor

Training Scenario
(Grading, Trenching etc.

Veristand
on NI PXI Host PC

or chgﬁ
-

Real Time Model based on
dynamic/hydraulic/Soil .
Mechanics analysis or AMESIim
Experimental data

Excavalon Machinery

|
Pt

Controller ||
I I
|
Virtual Reality Dat% .
(Position, Posture, |
Driving Actuator Steering Accel/Brake eat
Lever Joystick Handle Pedal - "
|
ek ,
Mobile type Dest top |
T 1y e tx 1y 1o Simulator Simulator .
|

- ROM : Reduced Order Model
«  FMU: Functional Mockup Unit

2023. 11. 15. -23-
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