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Kelvin-Voigt mode Maxwell model
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<< >>
#
Bll <- setrefClass(Class=“Bulldozer”,
#
fields=list(

, maker name
, model number

, Operating Weight [kg]
,Engine Power [rpm

, speed [km/hr]
, overall length [mm]
, overall width [mm]
, overall height [mm]

_ , Shoe Width [mm]
, Track on Ground [mm]

, Ground Contact Area [m2]
, Ground Pressure [kPa]

, GROUND CLEARANCE [mm)
#
method=list(
Initialize=function() #

,

,
,

,
,
_ _ ,

,
,

<<
>>

,
,

,
,

,
,
_ _

,
,

,

<< >>

<< >>

GPS

<< >>

<<instance>>
Bll=Bulldozer(“CAT”,”D6N”, …)

Bll$ ()

<<instance>>

<< >>
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1 (1 )
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LS
P16
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( )

ProScan Ver1.02
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2019 ver3.00.00
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001

1)

NEXCO
ver1.0.0

ProVAL ver3.61.24 IRI

- 1 MRP( ) Leica ProScan( )

360

IMU



 

 

 
LS

- 2 TS
GPS

IMU

3
TLS

- 1
TS 300m

600m
TLS

 
Leica ProScan - 3 TS

 

25 2
( )

IRI(International Roughness Index) 3
2) NEXCO

IRI
3)  

IRI
2 4

1
(QC) QC

(mm/km
mm/m)

4)

IRI QC
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ProScan 

 

Leica 
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(m) 

(m) 
[ 4mm

] 

(n/ ) 
[n=100 ]  

As 150m 779.7385 
 779.7360 +0.0025 2794  
 779.7381 +0.0004 5439  
 779.7373 +0.0012 8233  

Co 300m 775.7140 
 775.7107 +0.0033 6233  
 775.7141 - 0.0001 12938  
 775.7130 +0.0010 19171  

  

 
- 9  

  
- 5  

 (mm)   /0.01m    

A 5.5  14290 0.60 753 0.27 
B 5.5  14290 0.60 753 0.27 
C 20  51534 2.15 0 0.02 
D 20  51534 2.15 0 0.02 
E 50  128365 5.35 0 0.02 
F 50  128365 5.35 0 0.02 
G 100  256596 10.69 0 0.02 
H 100  256596 10.69 0 0.02 

MRP - - 24000 1.00 - - 
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1.000
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10m IRI( - 15)

Leica ProScan

- 6   
 (mm)   

 
IRI 

(mm/m) IRI  

A 5.5  0.9461 1.307 0.975 

B 5.5  0.9460 1.334 0.954 

C 20  0.9462 1.269 0.996 

D 20  0.9461 1.275 0.999 

E 50  0.9462 1.246 0.978 

F 50  0.9461 1.271 0.997 

G 100  0.9462 1.298 0.981 

H 100  0.9461 1.264 0.992 

MRP - - - 1.274 - 
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(m)
IRI(mm/m) IRI  

C D E F G H MRP C D E F G H C D E F G H 

0 200 0.952 0.952 0.952 0.952 0.952 0.952 1.484 1.411 1.418 1.397 1.413 1.458 1.417 0.956 0.952 0.934 0.947 0.987 0.951 

200-400 0.969 0.969 0.969 0.969 0.969 0.969 1.403 1.317 1.321 1.303 1.312 1.317 1.291 0.992 0.993 0.955 0.986 0.966 0.967 

400 600 0.952 0.952 0.951 0.952 0.951 0.952 1.45 1.395 1.391 1.376 1.368 1.441 1.374 0.962 0.959 0.949 0.944 0.994 0.948 
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0 200 1.000 1.000 1.000 1.000 1.000 1.000 1.676 1.643 1.678 1.637 1.629 1.645 1.687 0.966 0.999 0.961 0.953 0.969 0.989 

200-400 0.946 0.946 0.946 0.946 0.946 0.946 1.399 1.362 1.364 1.443 1.353 1.405 1.333 0.963 0.965 0.956 0.954 0.994 0.934 
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- 0.961 0.961 0.961 0.961 0.961 0.961 1.559 1.554 1.557 1.574 1.55 1.577 1.549 0.927 0.931 0.915 0.921 0.935 0.926 



 

 

IRI MRP

 
4.4.2  

- 8
C D

 
 

LS IRI
 

1) MRP
IRI

9  
2) 20mm

 

LS IRI
 

 

ProScan
 

ICT

 
ICT

 
 

1) . . :NEXCO  
pp.54-58 29 7  
2) : ( ) pp.2.  

25 2  
3) . . : pp.29 35  

29 7  
4) ( ) : . 
pp.180-185 19 6  
5) :

( )( ) pp.56 30 3
 

 

 
- 13  

 

 
- 14 MRP-ProScan(D)  

 

 
- 15 10mIRI 

 
- 8  

 
( ) 

 
MRP C D E F G H 

 1.299 
1.285 1.278 1.284 1.272 1.296 1.288 
0.989 0.984 0.988 0.979 0.998 0.991 

1.287 
1.341 1.349 1.360 1.363 1.383 1.385 
0.958 0.951 0.943 0.941 0.925 0.924 

 

y = 1.044 x - 26.688 
R² = 1.000 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

0

50
0

10
00

15
00

20
00

25
00

30
00

35
00

40
00

45
00

50
00

El
ev

at
io

n[
 P

ro
Sc

an
(D

) ]
  (

m
m

)

Elevation[MRP]  (mm)



i-Construction
15

TS GNSS
i-Construction

TS
GNSS

ICT
29

30

ISO15143
30 3

ISO15143 TS GNSS

ICT
ICT

ICT

i-Construction

ISO15143

ISO15143

ISO15143
ISO15143 ISO
TC 127

ISO/TC127/ SC3/WG5

ISO/TS15143 Technical Specification
Part1 System Architecture

Part2 Data Dictionary
Part3 Telematics data

28

Part4 Worksite Topographical Data

ISO15143

UML



ISO

ISO
Data element Value 

domain

ISO

XML Extensible Markup Language
JSON JavaScript Object Notation

ISO15143

ISO15143
ISO15143

ISO15143

XML
XML 

Schema

Z
XY

Z
Z Z



 
 

 

1 1 1

JPEG

ISO15143

ISO15143

JPEG

LandXML1.2
XML

 



 

 
 

XY

TS

XML
ISO15143 Part3

JSON XML
JPEG

i-Construction
ICT

ISO15143

1) TS GNSS
4372 , 2018

2) TS
Vol.36

pp.17 20, 2011
3) LandXML 3

F3
Vol70 No.2 pp.I_133 I_143, 2014



28 i-Construction

TS

TS

29

TS

TS

TS

TS

  TS
JSIMA

TS

3 TS 3 TS
5

100m 3 TS
150m 2 TS

100m

TS  

   

TS

TS

3 TS 3 TS 1 TS

100m

    



TS

TS

TS

TS

TS 3 2 1

TS 3 2 1

TS
TS

TS

TS 1 2 2 3 3

1 10 10 20 20

1 5 10 5

20 30 30 40 40

7mm

9mm

25mm

40mm

50mm

TS

mm
25mm

TS

TS 
5

5 1 TS

100m

5 TS

5 TS
TS

i-Construction

4
1km 20mm

100m 0 mm
JIS

TS

TS L



H

5 3 TS 2
TS L 100m 5

H 2.5mm

1/10

1 1 TS
L 100m 1

H 0.5mm

1 TS
100m

1/10

TS

20 40

TS

7mm

 

TS

2
1 TS

TS

100m

 

 

 

 

 

H 

L 100m 

 

 

 

 



TS

TS
TS

TS

TS

1 TS 2 TS

TS

5
2 TS

2
2 TS

TS

1 TS 2 TS

 

  

 

5mm
TS

100m
15mm 1 TS 2

TS

3 TS
3 TS

1 TS

TS

2 1 TS

1) TS , 2017
2) TS ,

2017
3) TS , 2011
4) TS , 2011
5) TS 24

, 2011

B6 
B5 
B4 

B3 
B2 

B1 

 10 

10 

10 10 

Y (mm) 

X (mm) 
0 5 5 

5 

5 

15mm 

L7 99.5m 

L6 80m 

5mm 

L5 60m 
L4 50m 
L3 40m 
L2 20m 
L1 10m 

B7 99.5m 

  50m 

15 

10 
5 
0 

5
10 

Z (mm) 
15 

99.5m 





 





 

 







 



1)
30 3

2)
30 3

3)
30 3

4) )
30 3

5)
30 3

6)
30 3

7)
30 3

8) TS
25

3



211km 80%
5km

4
4 -1
1 2

-2

1.5m

2 2 4 1

-3

-4,5



 

 

 

 

 

 

 

 
 
 

-6

-7  
 

 

 

25m3/h
1 2

-8  

 
 

 

(1)  

,
 

3



100m

-9,10  
2

1

-11
,
 

 

 

 

 

 

 

(2)  

 
 

FILM 1:3

 
 

 

 

 

GL +2m

,

-14



GL+5,100mm
FILM

 
 

 

 

70 80m

 

200m 25t

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

25t 2
1

-15  
 

150m

2,400m3/min 75kW 2

 
 

 

 

 







 







 







3  



 

100mm Model: DT 500 - A 511 
Measurement range: 0.2 to 70 m 
Output: 4 to 20 mA 
Measurement accuracy: ± 3 mm 
Spot diameter (70 �) 100 mm  

6  

 

7  
 



 
10  

11  

 

 



 

 







10 11

 

12 13

14

15

4

6

 
7  

 
8

9

 
16  



 
17  



i-Construction

GNSS (Global Navigation Satellite System)
SLAM (Simulation Localization And Mapping) TS
(Total Station)

GNSS GNSS/IMU
GNSS/IMU Mobile 

Mapping System1)

GNSS GNSS

SLAM

2)

SLAM
SLAM

SLAM

SLAM

3)

4) LED

27.7mm

4)

TS AR
ID

AR ID

AR

Web 6

UVC(USB Video Class)
Logicool C615 USB
PC PC CPU Core-i7 3.6GHz

16GB GPU GeForce GTX1060 OS Ubuntu 
16.04 ROS(Robot Operating System) 
kinetic



 

3
ROS usb_cam

ROS
camera_calibration

 

AR
Localization node

 

 
 

AR

AR
ROS ar_track_alvar

ar_track_alvar ID

3

3
200mm

14m
 21×21pixel

 

 
AR  

 

AR
4 ar_track_alvar

TS

 

 
 

 
(x,y)

(xi,yi) i=1,2,3 i

 

 

 

 

 
i j i,j  

  

 
(5)  

   

 
 

(4) 

(1) 

(2) 

(3) 

(5) 



 

 

 

 
(x,y) (9) (10)

 

 

 

 

 
(1)  

 

AR

 
 

Mitutoyo SD-100E
1m

0.1m 0~0.5m

5 SD-100E 0.07mm 
0.01mm

6
7 7

 
6 7

8

500mm 30mm
 

 

 
 

 

 
 

 

TS TS
Topcon GT 2+2ppm*D mm  

10m

(9) 

(10) 

(11) 

(8) 

(7) 

(6) 



TS  
10 3

0.06m

1.05m  

3

A

 
 

 

 

 

AR

11 1

0.3m

 

 

 

Web

3
TS 0.06m

 
 

1)  

 Vol.8, No.17, 
pp.132 139 2009. 

2) 

176 19 pp.1 8 2011 
3)      

 

22 3 pp.343-352
2004 

4) ,  ,  ,  , 
,  

  C 68  673 pp. 
2722-2729 2002 











-1

1)

-2

3
Distinct Element Method DEM

Computer Aided Engineering CAE

-3
-3

2

 



2),3),11),12)  

3
2),3)

-4

3),4),11)

-5  
 

DEM 5)

2 3

2

DEM

6),7)  
DEM

8),9)

 

DEM

-6

5)  

DEM

ball wall
DEM

 

 

 

 

 
DEM  



10)  

M
P C

(1)  
M = fM {P; C}                     (1) 

P
C

K S
(2) (3)  

P = { } = fp { , , , , 
,  }      (2) 

C = { } = fC {K; S} (3) 
K 

S (4) (5)  
K = { } = fx { ( ), 

, } (4) 
S = { } = fS { } = fS {P; K} (5) 

M P
K 2

(6)  
M = fM {P;C} = S = fM {P; fC (K; S)}= fM {P; fC 

(K; fS (P;K))}= fM1 {P; K} (6) 

Pm
Km 2

(7) (8)  
 (7) 

Km = { }  (8) 
Dmax Dmin

kn
ks h

 
 

Pm
DEM

DEM
Pm  

JHSA313-1992 80mm h80mm 
45 65%

-1

  
(%) 45% 50% 55  60  65% 

( ) 
 100 218 400 450 540 
 102 222 401 448 538 
 101 220 400 449 539 

 

 

 
55% DEM

 
55%  Pm 

 density 
(kg/m3) 

kn 
(N/m) 

ks 
(N/m) hn hs rr_fric fric 

 1270 2.0e8 5.0e7 2.0e-3 2.0e-3 0.1 0.175 

 

 
Zspin 

(Inner blade) 
(rad/s) 

Zspin 
(Outer blade) 

(rad/s) 

Zvel 
(m/min) 

 -2.1 0.7 -2.5 

 



DEM

-7
 

DEM

-8 55%
400mm DEM 

-2 55%
400mm

DEM
Pm -2

density kn ks
hn hs

rr_fric
fric

3mm -9
3000mm

3300mm 3mm
135084

porosity 0.36
-9

X 100mm 3
 

3 CAD Computer Aided Design

-3

-3 Zspin Z
Zvel Z

 
-10 3 CAD

-11

 
 

-12

15 30

45
60

75 90

3
 

-13  

Computer Aided Engineering CAE

CAE

 



    
DEM

 
 

 



CAE
3

 DEM

 
 

(1) 

 
(2) DEM

 
(3) 

 

 

1) ICT 

66(1) pp.24~25 2018 
2) DCS 

DCS 51(1) pp.43~47
2015 

3) DCS
31(12) pp.46~49 2003 

4) 

67(1) pp.93~98
2018 

5) ITASCA Consulting Group, Inc.: Distinct Element Method, 
https://www.itascacg.com/software/pfc/distinct-element-met
hod, 2018.08.22 

6)  -
- 1997 

7) 2013 
8) 

48
pp.49~54 1994 

9) 
52

pp.73~80 1998 
10) 

63(8) pp.71~78 2015 
11) 

KS-S MIX 71
pp.1329~1330 2016 

12) 
pp.41~43 Vol.45 No.6 2017 

 



2016 i-Construction ICT
UAV ICT

ICT
 

CIM Construction 
Information Modeling/Management

3

3

CIM

N-P 
Manager

2

N-P 
Manager-Co  



 

 

 

 

N-P 
Manager-Co  
 

 

 

 

 

 
(1) 

 
(2) 

 
(3) 

 
(4) 

 
(5) 

 
 
(6) 

 
(7) 

 
(8) 

 
 
 
 



 

 

 
 

3km

Wi-Fi Wi-Fi

 
 

 

 
 

1

 

 

 

 
 

WEB

LED
 

 

 
 

GPS

GPS
GPS

 
 

 



 

 

2

 

 
 
 

 
 

 
 

 
 

 
 

 

 

N-P 
Manager-As

 
 

 

 
 

Wi-Fi
 

 
 

(1) 

Wi-Fi
 



 

 

 
(2) Wi-Fi

 
(3) Wi-Fi

Wi-Fi
 

(4) 
 

 

Wi-Fi
Wi-Fi

Wi-Fi

100m Wi-Fi

 
 
 

 

 

 

GPS

 

 
 

 
 



 
 

 

 

 
Smart Roller

 

 

 

 

 
 

 
 

ICT
IoT

ICT IoT

 

N-P 
Manager-As

 
 









29 10 19 13:00 15:00 

 

 

 

 

  

 

 



29  

H29.10.13 37  

(H29.12.22,H30.1.5)           185  

H30.2.13         199  

H29.9.28  93  

H30.1.30                    70  

H29.8.22  34  

H29.11.13 41   

30  

H29.6.26  44  

           H30.6.21   44  

 

 

UAV  





ICT

29 10 -2

ICT
ICT

ICT
ICT

ICT
ICT

3

ICT ICT ICT
ICT

3
ICT 3

3
ICT

3

 ( -2 ) 

10 ICT

1

1









1)

k=10-5cm/s
5m

2),3) 

 

 
 150mm  340mm

 

s(g/cm3) 2.744
wL(%) 80.5
wP(%) 31.8

Ip 48.7

340mm

150mm

P

                                                 



2
(w=160%)

1 24
0 10 20 50kPa

50kPa
3t

100
t

90
90% 80 70

2 3 1

90 80 70
94 88 81 77 69 54

 

2 3
90mm

( 10mm 30mm/min 

 

9

Br
5,000mg/l

Cl SO4
2 Na+ K+ Ca2+

4)  

10mm 

30mm 
10mm

 No.1 No.2 No.3 

1 
 

U=100  
 

U=100  
 

U=100  

2 
 

U=94% 
 

U=81% 
 

U=77% 

3 
U=88% 

 
U=69% U=54% 

(min) (%) 
19,780 100 
2,520 94 
2,030 88 
1,320 81 
1,080 77 
880 69 
590 54 

 

 

10mm



 

h=1,680mm
9 1,000ml

1  
 

61mg/l
(1)

 
 

 ······················ (1) 

 

 

(mg/l) 
(61mg/l) 

(mg/l) 
 

(2) (3)

 
 

 
 

 

 ·················· (2) 

 ················· (3) 
 

  

 

        

 

 

 

 

 

 
100

No.1
100

60 65

100

 

 

( 10mm)

30mm

150mm

0

2

4

6

8

10

12

40 50 60 70 80

(c
m

)

U=100% U=100% U=100% 



 

 

 

 

 

 

 

 

 
2 3

0.10 5)

94 88 81%
0.10

0

2

4

6

8

10

12

40 50 60 70 80

cm
%

U=94% U=94% U=94% 

0

2

4

6

8

10

12

40 50 60 70 80

cm

%

U=88% U=88% U=88% 

0

2

4

6

8

10

12

40 50 60 70 80

cm

%

U=81% U=81% U=81% 

0

2

4

6

8

10

12

40 50 60 70 80

(c
m

)

(%)

U=77% U=77% U=77% 

0

2

4

6

8

10

12

40 50 60 70 80

(c
m

)

(%)

U=69% U=69% U=69% 

0

2

4

6

8

10

12

40 50 60 70 80

(c
m

)

(%)

U=54% U=54% U=54% 



 

 

 

 77 69 54
0.10

77
0.20 69

54  

 

 

 

8cm
0

0

2

4

6

8

10

12

(c
m

)
(C/C )

U=94% -

U=94% -

0

2

4

6

8

10

12

(c
m

)

(C/C )

U=88% -

U=88%

0

2

4

6

8

10

12

(c
m

)

(C/C )

U=81% -

U=81% -

0

2

4

6

8

10

12

(c
m

)

(C/C )

U=77% -

U=77% -

0

2

4

6

8

10

12

(c
m

)

(C/C )

U=69% -

U=69% -

0

2

4

6

8

10

12

(c
m

)

(C/C )

U=54% -

U=54% -



 
0.10

80 0 77
5cm

54 69 1.8cm

77

80

70

0

 
 

(1) 94 3t
100

1/10
94

 
(2) 

 
(3) 

 
(4) 80

0.10

(5) 80

0.10

0

 

1) 
pp.28-29

2008. 
2) 

17 pp.916-918
2006. 

3) 

No.1252 2012. 
4) 

B3 ) Vol.73
No.1 67-82 2017. 

5) 

38
pp.1212-1214 2003. 

 
 

0

2

4

6

8

10

12

40 50 60 70 80 90 100

(c
m

)
(%)





 
 

 
SMW

 







 

  
  

 
 

 



4)
Vol.45 No.8 pp.2-7 2017  

 
 

 



1m
200mm

2012

2450mm 12.5



100 200mm
2000mm 4 10m/min

1000 2000

131kW

10 /

 
 
 
 
 
 
 
 
 
 
 

5000
150mm

5m

5m/min
1000

6300mm
2450mm
2555mm
12500kg
131kW
105kW

200mm
2000mm



150mm

1000 1500
77kW

150mm
4400

100mm 2800



2D 3D-MC



ICT
2

-1

3D-MC

TS

TS

TS

MC

TS 3D-MC

3

ICT

3D-MC TS

3D-MC

2
GNSS

ICT -2

MC



MC
MC

 

30 2 15 2 20  
-3  

 

 

MC
-4  

 

 
 

-1 RTK-GNSS

-5  
 

 

 

 

 
 
 
 
 
 
 
 
 
 



MC C L1 R1
1m

-6 ±3mm
1.2mm

1.5mm

±1mm
-7  

 

 

-8

100m 6m 2m 3
300m 600  

1 5 100m 15m/
7 =12  3 36  

-8  

 
 

 
 

 2 20  
2 3

 
TS  
TS 1 2 TS

1 3  
TS 3 3 6 2

+ 1 3 TS
18 6 ×3  

1 TS  TS
 36  

1  
*TS

 
MC  

1 36  
 

 
2 56 TS 48 MC

VRS 36 MC
TS TS
25%

36% -9  

 
 

2
148 TS

2 2
1

90  
MC

1 36 MC
76% TS 60%

-10  



TS  

TS
 

 
TS TS

 
TS

 
TS

TS
 

 
 

MC

 
1m TS X,Y H

 

RD-M1
-11 -2  

 

 

 

 

 
 

 

 
 

 

 
 

 

3
4 1m 

 TS X,Y H



-1

TS+
 

400
TS

 
TS

-12  

64%

 

TS

TS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

MC “RD-MC”

1.2mm

TS 3D-MC
60%  

TS

 

TS TS

 

 

 



TS

TS
 

ICT
MC

 

 
 

1) 1
ICT 29 3 7
ICT P1 2017 

 





 

 

 

 

1200rpm (3)
65.1Hz

63Hz 2

200rpm
 

 



AE



 

 
 

 

 

 

SPM

AE



KOWA; Komatsu Oil and 
Wear Analysis 

KOMTRAX

1)

KOMTRAX

( )

(
)

(
(

)

1)

(
500 )

 



 

 

5 10cm 1)  
 

 
 

( )

1977

1)  
 

 

 

(ICP)

 

 

(Pb)
(Cu)

( 2 )
 

Fe( ) (Cr)

 

( ) (Si) (Al)

( )  

( )



 

 

( )
1)  

2

(Na) (Cu) 5,500h
 

 

 
-2 Na Cu  

 

 
 

2,300
 

 

 

 

 
KOMTRAX  

 

KOMTRAX
 

 

 
- KOMTRAX HP  



 

 

KOMTRAX (
ON/OFF)

KOMTRAX Plus

KOMTRAX KOMTRAX Plus
( , )  

- KOMTRAX  

 
KOMTRAX Plus  

 

KOMTRAX
6 KOMTRAX

 

 
- KOMTRAX  

 

KOMTRAX

 

 

 
-  

 

KOMTRAX
 

 
 

KOMTRAX

 
 

)  : KOMTRAX

, ,7 ,p10 13,2018  



 

 



 
 

 
 

 

JIS B 8301  2000 8302 2002

 

 
 

 

 

 

 
 

 

 

 

 

 



 

 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
 

 

A B C D

(%) (m3/h) (m3/h) (MPa) (m) (m) (m3/min) (m) (m3/min) (m) (m) (%)

100%



ICT

22

( )
(

)
( )

-2  



 

-1  
 

 
 

 
 

-2  
 

  
 

 
 

-3  

  
 

 

-3  

 
 

 
 

(

)

 

 
 

 
 



 

( )

-4  
 

 
 

 

-4

( )

-5  
 

   

 

 

 
(

)

-8  

 
(

)
(VRS)

-2

-9  





 

 

 



 

 

 
 
 
 

 

 

 

 

 



29 8 29 9 1

29
28

430 398 H28
32

430

6,800
19,000km

-1



 
 

40
31 50 60
20 6% 50

45 50

-2  
20

40

-3 2) 

65

 
 

 
 

 
 

10
55

-4
30 24
10 45

1

 
5 10

50 3 -5

-6
 

 
 
 
 
 
 
 

 
 

 
 

-7  



5
5

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

-8 9  

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 

 
-10

 



 
 
 
 
 
 
 
 
 
 
 

 
 

 

-11

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

5

 
7

 
  

5

 
  

 
  

4

 
a

 
-  
-  

-  
-  

-  
-  

-  
-  

b
 

-  
-  

-  
-  

c
 

-  
-  

-  
-  

d
 

-  
-  



-  
-  

  

 
  
6.1

 
  
6.2

 
 

1

7

-12
-13  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

 
ITS

2018 3)

 
 1  

 
 2  

 
 3  

 
 4  

 
 5  

 
7.2  

-14

 
 



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

4

 
7.3  

-14
2

 
IT

3

 

-14

 
 

 

 
 

 
 

2017  
ITS 2018

 



(76GHz)

(30GHz 300GHz)

LiDAR

24GHz 76GHz 24GHz
76GHz

70m
76GHz  

100m

< 1m

> 175m (> 10dB target)

> 100m (> 0dB target)

< +/- 0.5m

2
< 2.5 m

> 20 deg

2
< 3.5 deg

4.2 – 4.75 deg



 

 
 
 
 
 
 
 
 
 
 
 
 

2m 3
30m 20

 

-10dBsm
20.4dBsm -0.4

0.6dBsm  

29.9m ±0m
 

3m 4
10m 1

 

2m 3  

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Z[m] [deg] 10 20 30 40 50 60 70
1.0 0
1.0 1
1.5 2
1.5 3
2.0 2
2.0 3
2.5 3
2.5 4
3.0 4

[m]

 
 

 
 

 
(33 ) 

 

2.0m 

3  

30m 

20.4dBsm 
447 

29.9m 
447 

 
(40 ) 

 

2.0m 

3  

20m 

 



 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
2m 3

20m
20

 
-9.5dBsm -0.5

8.5dBsm  
20.1m -0.5

2.1m  
10m

70m

 

 

 

45

 
30m

70m  
50m

10m
 

2m 3
 

9:30 11:00 13:30 14:30
15:30 16:30 1 1  

 

50 70

1.0 0

2.0 3

[m]

Z[m] [deg]

10 20 30

 
 

 
 

-9.5dBsm 
420 

20.1m 
420 

 



 

 
6.1dBsm

-2.6 +2.9dBsm
16.3dBsm -0.3 +1.7dBsm  

29.5m
±0.1m 69.5m
±0.4m  

0

0.3 -0.9 +1.4
1.7 -0.4

+0.8  

100%  

 
 

-20

-10

0

10

20

30

9:00 12:00 15:00 18:00

[d
B

sm
]

20

25

30

35

40

9:00 12:00 15:00 18:00

[m
]

-10

-5

0

5

10

9:00 12:00 15:00 18:00

[d
eg

.]

0

0.2

0.4

0.6

0.8

1

9:00 12:00 15:00 18:00

0

200

400

600

800

1,000

-20

-10

0

10

20

30

14:00 14:45 15:30 16:15 17:00

[m
][d
Bs

m
]

(1sec)

0

200

400

600

800

1,000

20

25

30

35

40

14:00 14:45 15:30 16:15 17:00

[m
][m

] (1sec)

0

200

400

600

800

1,000

-10

-5

0

5

10

14:00 14:45 15:30 16:15 17:00

[m
][

] (1sec)

0

200

400

600

800

1,000

0

0.2

0.4

0.6

0.8

1

14:00 14:45 15:30 16:15 17:00

[m
]

(15min)
(1sec)



 

173m 15 36
123m

50m
 

 

-10dBsm
100%  

76GHz
50m 70m

 

 
 
 
 
 
 

 

1 6 9:30 11:00 13:30 14:30 15:30
16:30 1 1  

 

 
15cm

20cm 40cm

 
 

 
 
 
 
 
 
 

0

200

400

600

800

1,000

-20

-10

0

10

20

30

14:00 14:45 15:30 16:15 17:00

[m
][d
B

sm
] (1sec)

0

200

400

600

800

1,000

60

65

70

75

80

14:00 14:45 15:30 16:15 17:00

[m
][m

] (1sec)

0

200

400

600

800

1,000

-10

-5

0

5

10

14:00 14:45 15:30 16:15 17:00

[m
][

] (1sec)

0

200

400

600

800

1,000

0

0.2

0.4

0.6

0.8

1

14:00 14:45 15:30 16:15 17:00

[m
]

(15min)
(1sec)

3.5 9 -10 9
-2.6 2.9 -12.7 6.3
29.4 29.6 29.2 30.3
-0.1 0.1 -0.4 0.5
-0.6 1.7 -5.6 3.2
-0.9 1.4 -4.1 4.7
100 100 100 100

16 18 -5 21
-0.3 1.7 -23.1 2.9
69.1 69.9 68.3 72.6
-0.4 0.4 -3.3 1
1.3 2.5 -2.8 4.6
-0.4 0.8 -3.7 3.7
100 100 100 100

30m

dBsm 6.1 2.7

m 29.5 29.6

0.3 -1.5

% 100

70m

dBsm 16.3 18.1

m 69.5 71.6

% 100 100

0

0 0

1.7 0.9

100
0



 

-10dBsm

100%  
 
 

 
(76GHz )

50m 70m
 

 
79GHz

76GHz

 

 

 
 

 
 

3.5 9 -6 8.5
-2.6 2.9 -8.2 6.4
29.4 29.6 29.3 30.1
-0.1 0.1 -0.4 0.4
-0.6 1.7 -2.5 1.8
-0.9 1.4 -2 2.3
100 100 100 100

16 18 8.5 21
-0.3 1.7 -7.4 5.1
69.1 69.9 70 72.3
-0.4 0.4 -1.3 1
1.3 2.5 0.2 2
-0.4 0.8 -0.7 1
100 100 100 100

m 29.5 29.7

0.3 -0.5

% 100 1000 0

70m

dBsm 16.3 15.9

m 69.5 71.3

30m

dBsm 6.1 2.2

0

1.7 0.9

% 100 100
0



 

1)



 



 



 

,
,

,
 

 

1) , , , , , ,
, (Supportive 

Protective System,SPS) (IMS)
SPS , 2018 84
860 p17-00425 















- 183 -





- 185 -



- 186 -



- 187 -





- 189 -



- 190 -



- 191 -





- 193 -





- 195 -





- 197 -



- 198 -



- 199 -



 

 

 

 

 

 
 

 

- 200 -






	1
	2
	3
	4

