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1. DIVP overview
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Building a virtual space simulation platform having highly consistent sensor models with
real-world phenomena to contribute to the safety assessment of automated driving.

DIVP motivation

B Sensor modeling that is highly consistent with physical phenomena.

B Platform that enables AD-evaluations throughout “scenario creation” , “verification of
recognition” , “validation of vehicle control”.

B Enhanced connectivity with existing simulation software.

Neighboring Structures | Space

Rain, Fog, Snow etc.

i Target = -
\;:;l::ael = = B SR et N Camera  Radar LiDAR
===t = E 000V
> ? B 0 creee TUoAL
model Ll e ¥ T S
having [ L -=’-— ____________________________
reflection i %‘ 25 = o
properties /-

Road surface |

Virtualize image sensor for precise Perception

ssssssss

Model i &
(Camera) 7 =4
!
Real world Virtual space and Sensor model

*’ DIvP
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DIVP Simulation results
Virtual sensor views on Cl expressway & Odaiba AD-FOT area produced by DIVP simulator

- —

Camera LiDAR
’ KV mop RV map.
| : r
2 )
Radar . . . . & | a0 O
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Comply with OpenSCENARIO® , OpenDRIVE® and other standards of ASAM. Ensure the
connectivity with existing simulation software to provide tool chain.

Enhanced connectivity with existing simulation software Legend
s ')Connect by standard IF

Scenario Environment Space rendering - — - - -
Fusion/Control_| Vehicle motion

SNl

Map, Material | JOpenPRIVE .
B1| Traffic scenario data Sensor model (True value model) Us?]:(():ggltrol > US?:K\,ISZ:Cle
Existing = besignerearnaker etch RoadRugnereic— | <Point> Difficult to simulate sensing weak point MATLAB/Simulink CarMaker/Carsim
Simulator % . I OpenSCENARIO E etc. /ASM etc.
a .I_I;_! ____________ l_.._._._..' =
@ enDRIVE® OSle:
OpenSCENARIO®; + EMI/EMU =
SDMG® ® - : T
4 DIVP® [Environment - Space rendering Reference ) Reference
DIVP ® ] DIVP® -Format Sensor| model control model vehicle model
Simulator %
=
=

DIVP
material

WEEVGIERS
scenario

Contribute to international standardization activities, for example, proposing standard format to ASAM
utilizing Japan=German cooperation flamework.

ASAM2) : Association for Standardization of Automation and Measuring Systems / OSI3) : Open Simulation Interface
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For safety assessment, it is essential to materialize scenarios, tools and indicators that
enable validation of the two indicators

Validation system required for AD safety assessment

Assessment Scenario Validation Tool (Verification) Metrics (Metrics)
B Geometric traffic flow scenarios based Consistent Aut fi B Accurate prediction of vehicle position
on analysis of accident data, etc. sensor models utomatic allows margin for accident and

driving control determination

Camera model Won't you bump
into me?
00U
'*
s P 2 ¥

B Virtual Validation of Recognition

Won't you
bump into
me?
Evaluating

v

B Sensing weakness scenarios
based on expert knowledge

Performance Based on a Consistency
Model of Measurable Perceptual Output
P

—

Can you
see it?
validation
of. Simulation
HILS / VILS

PG / Public road

B Tool chain according to
validation purpose and target
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2. Radar modeling and validation
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DIVP models physical phenomena based on the sensor principle and achieves high
consistency by verifying each modules I/F.

Sensor Model (Radar)
A~

3D Asset Propagation

(7]
@
]
7]
o
=
(2]
Q
S
)
il
o
=

Reflection Ray-Tracing
Characteristics

TX Antenna

-
————————————

4/1 indinQ

Range [m]

Rx Antenna

Amplifier

0
Velocity [m/s]

10

[dBm]

Oscillator

Peak
Detection

Tracking
—— Classificatio 9

e

———————————

A i

A

A

A e,

‘i
°
.

A, I
Static CBHI
object o ard
-20 -10 0 10 20

X [m]

Source : SOKEN, INC
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DIVP models 3D maps and assets based on precise measurements.

3D modeling based on measurement results

B MMS(Mobile Mapping System) measurement results
L. E umn

B Laser 3D measurement with an accuracy of 1 mm or less

B High-precision polygons
Modeling the underbody for millimeter-wave multipath reflection

Source : Mitsubishi Precision Co. Ltd.
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Detail characteristics Measurement based on Environmental & Space designed modeling

Reflection characteristics modeling based on measurement results

B Measurement characteristics

Source 0°

4 Specular
Reflection

Retro

input reflection

Diffuse
Reflection

B Measurement example

asphalt road surfaces with different surface roughness

 60°

Source : SOKEN, INC
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Three reflection models are defined and used according to the behavior of radio waves at
reflective targets

Features of the radar reflection model

Scattered model Reflector model RCS model

For small target (vehicle. person etc.) For large target (Building, road surface etc.) For analysis duration reduction

Radar equation _(distance {1th power) Friis equat_ion (dis'Fance squgred _rule) Radar equation (distance 4th power)
Physical Optics approximation Geometrical Optics approximation
1st layer €r1, Hr1 ty
2nd layer €rz, Hr2 ty
3rd layer €r3, Hr3 t3
Nth layer €mn Hpn th

Multi-layer model
(Transfer Matrix Method)

Input parameters

Dielectric constant, isti
Magnetic permeability, Thickness Angle_ characterlstlg:s ,Of Bi-static RCS
(from reflection characteristics) reflection characteristics
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Format of ray trace output to radar model.

]

QURTE O7&E
GNSS ADC
. . C’;‘
Simulink model ’ —
My car o i ————————
Alphard i
Pis b ]
Ray tracing Radar Hardware 3D FFT
Padesirian (params_NXP_Eris) Select_method: [+ -
= 1. Peak Search
2: CFAR
Scenario ADG aain LL\neaandEr:\\‘quuu * Graph
* 3D Peak serach / CFAR 'DUE@# PointCloud
Name Content ’ Data type
n_recvray | Number of output ray Uint16
rray Propagation distance of ray [m] Double, 1D-array
vray Relative radial velocity of the reflected points [m/s] Double, 1D-array
Format of attray_th | Loss factor (Complex, Propagation and reflection) [linear] (Horizontal polarization) Double, 1D-array
ray trace output attray_ph | Loss factor (Complex, Propagation and reflection) [linear] (Vertical polarization) Double, 1D-array
phitx_az Angle of radiation from TX antenna [rad] (Horizontal) Double, 1D-array
phitx_el Angle of radiation from TX antenna [rad] (Vertical) Double, 1D-array
phirx_az | Angle of receiving to RX antenna [rad] (Horizontal) Double, 1D-array
phirx_el Angle of receiving to RX antenna [rad] (Vertical) Double, 1D-array
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Algorithm to compute radarcube

end

Clock loop

Stepl
Reset radarcube to zero.

Step2
Ray trace computation once.

fori=1:n_recvray % Ray loop

Step3

Compute received voltage Vrecv.

Stepd
Copy Vrecv into 3D-array,
with phase rotation type 1,2,3.

end

Accumulate
3D-array data

with radarcube.

13
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Three types of phase delay

rray

vray

attray_th

attray_ph

phitx_az

Compute

phitx_el antenna gain

phirx_az in that direction.
phirx_el J

AL

4
*<
%

Frequency . 4 P
256 wd
Compute H
~ received IZ m
voltage 1 -
Vrecy. 1D-array
B 21 - f,
Phase delay Vase = Vieey - €/ PaseRass g, = Y 20 Rys6 = 1ray + vray - (254 - ATypc)
) 21 - f;
(type 1) Vi = Vg - eI PR B = . L Ry =rray
| l A1 |
1 1 —_ — 1
! R [ 2 sin(®d) i
1 ,’ 1 i
1 7 | 1
Time difference AT pirp
Distance difference |AR = vray - ATepirp
Phase delay (type | e JFAR Phase delay (type | e J'BAR
2) 3) -
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Radar module, and experiment scenario.

TX antenna 3

RX antenna 4

Virtual array 3x4=12

Racarcrp | V<7 TEFBI0X
MCU chip NXP S32R274

in DC 12v

out Ethernet (100Mbps)

Radar setting

fc 76.5 GHz
Max range About 50m
Number of .
ADC sampling 256 (%)
Number of multi-chirp | 64 (3%)

(%) Parameters are reduced
in order to suppress the data size
to capture all the radarcude
in real time.

The antenna board was designed
by U-Shin and S-Takaya in Japan.

Creep
velocity

Very simple experiment
to estimate
angular separation distance
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Complex behavior, predicted from theory.

R1\ =/ R2 =1mm

R1\=/ R2
[Radar|

Beam L
width
Virtual 12 9.5 26.4
antennas deg m

The reflection coefficients

observed from the radar
N

N\

Always|null

> Angle

@ @ The same reflection
coefficients

16
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The complex phenomena correctly computed in simulation.

Measuremant

Time=12635[sec]

Simulation

Time=10.175[sec]

-50 -50
-60 -60
— = — =
£ -70 E £ -70 E
2 L 3
-80 -80
. L | L L . L . -90 . L . L L . L . -90
40 30 20 10 0 -10 -20 -30 -40 40 30 20 10 0 -10 -20 -30 -40
Y [m] Y [m]
Red=Approaching, Blue=Leaving Red=Approaching, Blue=Leaving
50 T T — T = T T 50 T T o T T T T
40 40
—30F 3ot
£ £
> >
20 20
10F 10 i
i =
0 i o R
40 30 20 10 0 -10 -20 -30 -40 40 30 20 10 0 10 -20 30 -40
Y [m] Y [m]
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3. Radar model applications
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The Co-Simulation environment of DIVP and MATLAB/Simulink is very effective for studying sensor

model applications.

Co-simulation between DIVP and MATLAB/Simulink

—— | Sensor model 1

—— | Sensor model 2

A4

_| Advanced

—— | Sensor model 3

" integrated
_| signal

—— | Sensor model 4

"| processing

Sensor models can be connected in parallel.

A4

+

MATLAB
Toolboxes

Full access to MATLAB Toolboxes.

—| Camera model (Left) ——|User
custom —

—»| Camera model (Right) |—»| code

T

“Computer Vision Toolbox”

Example of stereo camera
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A radar model application
on “Vehicle-to-infrastructure cooperative driving system”

Two sensors share L
the same clock and scenario. i
(-
Clock
Sg:sd:irde I | - : w_‘" I — Roadside Sensor
I - -
= Ray tracin Radar Hardware 3D FFT Tt - . .
v (params, NXP. Exs) Seloc methot: 15| _ 4 V2X communication
S am : may be simulated
ADC_gain Heatmap2Poinicloud RadarGraph R
* Linear to dBmV * Gray
* 3D Peak serach / CFAR * g’f&hﬁ PointCloud through data ||nes
with time delay.
Alphard I p— - [ - N
(My Car) L1 = - P . -t Car Sensor
NecapDoll e } - - - ::_j - — B I e o

= Ray tracing Radar Hardware 3D FFT e —,7“'
Scenario (params_NXP_Eris) .

Select_method: [ |

-+ 1. Peak Search
2: CFAR _
ADC_gain Heatmap2Pointcloud RadarGraph
- * Linear to dBmV * Gray
* 3D Peak serach / CFAR *OYRIF PointCloud

20 230918_EUMW2023 workshop v D I v F




A radar model application

on “Vehicle-to-infrastructure cooperative driving system”

RoadsideSensors

CarSensors

X [m]

X [m]

LiDAR

(height: =10 to -3m, -3 to —1m, -1 to 1m, )
Time=0[sec]
100
80
60
40
20 = s —
Vs —AEE #7
0 i =1 =
,/
-20 !
-40
-60
-80
-100
100 50 [} -50 -100
Y [m]
LiDAR
(height: =10 to -3m, -3 to —1m, =1 to 1m, )
Time=0[sec]
100
80
60
40 I -
2 l» i' 1
0 I P .—‘\ l
\,/',
-20
-80
-100
100 50 [} 50 -100
Y [m]

Radar X-Y map
(Red=Approaching, Blue=Leaving)
Time=0.000[sec]

Radar X=Y map
(Red=Approaching, Blue=Leaving)
Time=0.000[sec]
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A radar model application on early fusion with camera image

X [m]

Radars
t=0.000 [sec]
T

30

20

-20 |

=30 i

30

I
20

] 1
-10 -20 -30
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A radar model application on “Free space mapping”

Extracting static objects

1055 |
1050 |
=
£y
— a2
£ L
> 1045 i TS
1040 | *
K 1038 ? X [m]
1035 |
2 4 & 8 10

*’ DIvP
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4. Summary
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Summary on Radar modelling

1. DIVP's Radar model can efficiently calculate the radarcube from a single
ray tracing result using three different phase differences

2. With 77-GHz millimeter-wave radar, which has a wavelength of only 4 mm,
complex phenomena often occur in even the simplest experiments. Using
azimuth separation performance experiments as an example, we show that
the Radar model can reproduce such complex phenomena.

3. The DIVP simulator enables the study of advanced complex sensor
systems while making maximum use of the MATLAB/Simulink Toolbox
group. Examples of potential applications are shown in the study of road-
vehicle cooperative driving systems, sensor fusion, and free space
generation.
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Through VIVID collaboration, DIVP® accelerates its original contributions to global
standardization of simulation-based AD safety assurance methodology

Summary; DIVP® contributions

Interface standardization

AD Safety assurance

O ASAM

Jama

e

Sensing Environmental
WWEEUGQERSES models with
Scenario Package physical properties

Raytracing for
each sensors

Y' + %®oive

VIVALDI
= VIVID_JTs

B Sensing weakness scenario:
JT2

B Environmental models with
physical library: JT2

B Interface; JT3

B Sensor models with ray tracing:
» Camera: JT3.1
» LIDAR: JT3.2
» Radar: JT3.3

B Sensor measurements & test
metrics: JT4,
B Tool chain: JT1
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® DivP

Thank you for your kind attention!

Tokyo Odaiba — Virtual Community Ground

END
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