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It just does not capture the long tail of weird things
that happen in the real world.(Elon Musk)
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Toyota's Robot-Car Line In The
Sand: 8.8 Billion Test Miles To
Ensure Safety

)

Alan Ohnsman Forbes Staff

I write about technology-driven changes reshaping mobility

. TOYOTA'S ROBOT-CAR LINE IN THE SAND:

8.8 BILLION TEST MILES TO ENSURE ’
SAFETY
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* Image From ARGUS Tracking | MORAI |
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https.//arqustracking.zendesk.com/hc/en-us/articles/333757037696-GPS-Accuracy-Bouncing-Multipath- Hardware & Simulator Solution
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Real KITTI vs Virtual KITTI vs MORAI Data

* KITTI: httpy//www.cvlibs.net/datasets/kitti/index.php

MORAI
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2.2 71 2 E0| M 2

M

0) Only real KITTI

1) Virtual KITTI all & KITTI 5000

2) Virtual KITTI all & KITTI 2000

3) MORAI Simulator all & KITTI 5000
4) MORAI Simulator all & KITTI 2000

5) MORAI Simulator 2000 & KITTI 3000
6) MORAI Simulator 3000 & KITTI 2000
7) MORAI Simulator 4000 & KITTI 1000
8) MORAI Simulator all & KITTI 1000
9) MORAI Simulator all & KITTI 3000

Candidates orecision recall mAP F1
0 0.582 0.821 0.761 0.682

l
2

0.624 0.804 0.67 0.703
0.537 0.759 0.606 0.629
0423 0.712 0.615 0.531
0.581 0.776 0.718 0.665
0.486 0.762 0.59 0.594
0.446 0.726 0.584 0.552
0.453 0.745 0.584 0.563
0.543 0.804 0.743 0.648
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Pix2Pix based data
generation

Pix2Pix training

Generator
Discriminator

2BlGenerator

* pix2pix https://arxiv.org/abs/1611.07004 Jutoromous venige
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Cycle Gan, Domain Adaptation Feature Extractor, G;  Classifier, G

Monet = Photos : : Summer 7% Winter

[0,1]*

. Gradient reversal layer (@backprop)

10,1]

o

(a) GTAS (b) GTAS — Cityscapes (¢) CityScapes (d) CityScapes — GTAS * JaeJunYOO Blog Dﬂ'mai“ Disﬂriminatﬂl} 'Ed
http://jaejunyoo.blogspot.com/2017/01/domain-

adversarial-training-of-neural.htm|?m=" MORAI
* domain adversarial neural net :

https://arxiv.org/pdf/1505.07818.pdf Autonomous Vehicle

Hardware & Simulator Solution

* cycle gdn . https:/arxiv.org/abs/1703.10593
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- Scenario List

=~ File Name: Scenario 1

S Vehicle Status
Vehicle ID: 602
Init Velocity Ratio: 0.5
Current Accel: 0
Current Brake: 0
Accel Max(0-1): 0.958
Brake Max(0-1): 1
Collision Time(s): 1.5

g Desired Velocity(Km/h): 60

" Current Velocity(Km/h): 49
. 4

/v1§1 sfﬁ"%y 4 4 | A MODE: Manual, . FPS: 67
Time to CollisionTi2t0|El S48 S5t AITHARZ D24 (ACC BHS4) HAE
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Scenario List

aY

- AV | 1L al=-lab-1dla
odave [ oLElIallU

| File Name: DeView_Test_4

p—

Vehicle ID: 603
Init Velocity Ratio: 0.211
Current Accel: 0

=% Current Brake: 0

~  Accel Max(0-1): 0.863
Brake Max(0-1): 0.64
Collision Time(s): 0.566
Desired Velocity(Km/h): 63.444

@ Current Velocity(Km/h): 13
- ‘7

s

v].57 _ ' MODE: Manual FPS: 64
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Yiew Scene Camera Help

CarMaker

[ Arrange ] |V Auto Arrange

Lateral Tracking vs. Station - E
Lateral distance to path -m

Columns: 3 > Rows 3

Steering: Handwhee! Angle - E
Steering wheel angle - deg

SN

Station (path) at vehicle origin -

Slip Angles : Baseline
Angle - deg

Time-s

Lateral Accel. of CG's : Baseli
Lateral acceleration, vehicle - g

2
0
Time-s Time-s
Yaw Rate of Sprung Masses Vertical Forces  Baseline

Yaw rate (body-fixed), vehicie - d

Force-N

Road Wheel Steer Angle - Fro
Angle - deg

0

-2

Time-s

Roll Angle of Sprung Masses
Roll, vehicle - deg

NEAV/

Time-s

Longitudinal Speed = Baseline
Longitudinal speed - kmvh

) %

Time-s

Time-s

Storage of Results

Pert 2 reattiene Mooe &) collect oniy

Status
Time:
Distance

General Semings | Segmeats | iPGuowe intertace |

Stant Len Fnc Grad Siope
00 10000 -«
“0 1000 b
0 1000 GuardRal

.

Kind of Segment 2 symgnt
Length imj 1000
Anghe (ect

Radws |m)

End Radus [m]

fnfo (opbonal)

Bumps / Marker / Movie Otgects

King 2 Tramc Barier

Stast Oftset Im] 0 Length jmj

y Offset 0 ¥IReference Line

Tyoe 2 Guaed Rall

Spaang Im{ Guaa Ras

Wion [mj Guard Radl (doudle)

Height i Guard Rad (triphe)

Altribetes Jersey (wall)
Jersey Barrier Elements
Wan
Walt (hpe 2)

Point st
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=\ Upgraded visual quality
@ New weather profiles

CARL
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SSTDialog

UTC+9: 2018-7-3, 9:28:8:931 (total msec: 34088931)

Camera Spec 1 nai
Semantic Data Plot = Velodyne Plot  ETC Setting ImageW ImageH ImageC ImageR eh
er:
640 480 3 30 ad.
en
Camera 1 Network Setting ide
Sensor IP Sensor Port Host IP Host Port anl
192.168.1.22 1237 192.168.1.100 | 1237 anl
25¢
2S¢
Camera Spec 2
¢ 2S¢
' Image W ImageH ImageC ImageR 35¢
' 640 480 3 30 :

Camera 2 Network Setting

Sensor IP  Sensor Port Host IP Host Port
192.168.1.22 1238 192.168.1.100 1238

Camera Spec 3

v Using SSD Camera 1
V' Using SSD Camera 2
v' Using SSD Camera 3
v Using SSD Camera 4
v' Using SSD Camera 5

Cam1FPS Cam2FPS

Image W ImageH ImageC ImageR
640 480 3 30

Camera 3 Network Setting
Sensor IP  Sensor Port Host IP Host Port

20.40 30.30 ' 192.168.1.22 1239 = 192.168.1.100 = 1239
Cam 3 FPS Cam4FPS LCM Settin
Semantic Vehicle Data Network Setting 9
Camera Switch 20.40 30.30 Camera Spec 4

Sensor IP  Sensor Port Host IP Host Port v CheckBox

ImageW ImageH ImageC ImageR
192.168.1.201 2222 | 192.168.1.100 | 2222 9 9 9 9

Camera1OFF Camera2OFF Camera3 OFF Camerad4 OFF Camera5 OFF LCM Channel 640 480 3 30

morai_ov_channel
Semantic Person Data Network Setting

Camera Spec 5 Camera 5 Network Setting Host 1P Camera 4 Network Setting
Sensor IP  Sensor Port os Host Port
Image W ImageH ImageC ImageR Sensor IP  Sensor Port HostIP  Host Port Sensor IP  Sensor Port HostIP  Host Port
192.168.1.201 2223 192.168.1.100 2223 Semantic Data OFF
TA7AZ NQT71.90 2IIATTA 2070 na¥ rraned3301 raltid ¥ daac nat naad harlreard samncdoadvan -

LA HAE
MORAI

Mobility Research + A.l

Autonomous Vehicle
Hardware & Simulator Solution



MIAl Raw

|1

£

DEVIEW

ﬂElE 7|_|HE|. 2019

Mo BE

I

I

O
Ral
W
=

N

Simulator Simulator
Al B E N

r
I
I

/N[0 BHIAE

[ Mobility Research + A.l ]

Autonomous Vehicle
Hardware & Simulator Solution



's'.-,_ o
D T A T i L

‘f
.
2

Live sensor stream.  Frame: 5700 VGIOdgﬂe

/A0 HAE

DEVIEW
2019

MORAI

Mobility Research + A.l

Autonomous Vehicle
Hardware & Simulator Solution



ot > qUHF 2019
5. 8112|5 hE

Mol B3

O|X| SW otCE QW MO SwW

MM Rawzk Ho] &=

Simulator Simulator Simulator

AN B % Xp2k ol

[ Mobility Research + A.l ]

Autonomous Vehicle
Hardware & Simulator Solution



— > -
VIOR Al |
N by v - Su— >
\ / ’ e °mfm’£ ;
< NS - Hardware & Si or Solution
e o e /’, '




DEVIEW
2019

Thank You

[ Mobility Research + A.l ]

Autonomous Venhicle
Hardware & Simulator Solution



