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« HD Maps and AV Localization
 Lane Level Localization : Challenges
 Lane Level Localization : Solutions

- Navigation Safety
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Background

« Autonomous vehicles and HD maps

- Different levels of self-driving have different content and
accuracy requirements for the map

Level Title
- - Map Accuracy of map Typical conditions
Driver scenario

1 (DA) Driver Assistance ADAS map Submeter level Optional
2 (PA) Partial Automation ADAS map Submeter level Optional

Automatic driving system (“system”) scenario ADAS map Submeter level Optional
3 (CA) Conditional Automation + HD map Centimeter level

i . ADAS map Submeter level .
4 (HA) High Automation + HD map Centimeter level Required
Full Automation HD map Centimeter level Required .
(update automatically)
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Background

« MOI' srecommended steps for HD maps production

Published @ TACIS

| I
!Cert|f|ed point cIoud5| . Certified vector map layers .
I (Localization ) = Published @ TACIS | (Path planning /Localization/ LBS )
n I - L]

Taiwan g . .
Map Maker HD map ‘ A/ kX IENYED
Operation G N HD map
Guideline v2 77 B standard

Taiwan HD map

Path plannin Locallzatlon
_ ( P g/ ) Taiwan

HD map
validation
verification

Guideline

Simulator
Autonomous
vehicle
Verification
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Background
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HD map and AV localization

« Comparison matrix for localization and perception sensors

Ultrasonic sensors: Provide short however, complex algorithms are necessary
distance dara thar are rypically used in

Technology | Undergrou- | Tunnels Downtown | Foggy Rain Snow and Global Positioning Systems (GPS): Locate Light Detectlop and Ranglng (LIDAR): A 360-degrec
a e, o e the vehicle by using satellires to riangulare its sensor that uses light beams to determine the distance
nd Parking Multipath | conditions | Conditions | slippery position. Although GPS has improved since the berween obstacles and the sensor,
2000s, it is only accurare within several meters.
areas ) _ . .
roads Cameras: Frequently used inexpensive technology,

interpret the image data collected.
G NSS X o V V V parking assistance systems and backup
warning systems, Radio Detection and Ranging
. (RADAR): A sensor rhat uses radio
|mag|ng V O V x X X waves to determine the distance
SyStemS berween obstacles and the sensor.
Lidar Vv Vv Vv Vv 0 o)
Odometer v v v Y 0 (o]
Radar V V V V V o Prebuilt Maps: Sometimes utilized to
correct inaccurate positioning due w
H errors that can occur when using GPS
Inertlal V V V V V V and INS. Given the constraines of
Sensors

mapping cvery road and drivable
surface, relying on maps limits the

Work v Does not Work X Limited Operation ©Q fe e e i

Dedicated Short-Range Communication

Infrared Sensors: Allow for the
deeection of lane markings,

(DSRC): Used in Vehicle to Vehicle (V2V) Inertial Navigation Systems (INS);  pedestrians, and bicycles that are
. A ) . st Vekiclevo Tnfiasconiriine CU2T) syirems 1o Typically used in combination wich :]-ml['hz [.][hc’ h;jn_.».n.rs o detect in
Inertial and Radar Sensors are the only navigation technologies that can work send and receive critical data such as road GPS solmproveeannnes: N3we: 22 BCIRSEARAE
. ik conditions, CONgestion, crashes, and p|_1.-:si!s]« gyroscr{pcs e = AGDE cfgn!c{crs e o
everywhere and under any weather and operational conditions rerouting, DSRC enables platooning, a rain  detcrmine vehicle position,

of vehicles that collectively travel together orientation, and velocity.
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» Accuracy requirements

e » HD maps absolute accuracy
(s.0m) requirements

e Taiwan: Horizontal: 20 cm 3D: 30 cm
Japan.: Horizontal: 25 cm 3D: 35¢cm
Korea: Horizontal: 25cm 3D: 35cm
» HD maps absolute accuracy

] - g _ requirements
L. —y— Taiwan 1~2 cm (1%t class PCD)
p_‘ p 8 (0.5m) .
Q Japan:1~5cm
| . Others: 1~10cm
-
s Total Error Budget Map Error Vehicle Positioning
(map + vehicle) [meters 2sigma] Error
syl [meters 2sigma] [meters 2sigma]
5 WHICHLANE 15 05 1.0
el
WHEREINLANE 0.5 0.2 0.3

(CAMP, 2004)
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HD map and AV localization

* Do AVs need HD Maps??

»Localization Architecture perspectives (Autoware/Apollo/Nvidia)

[: Pre-processer Localizer Fusi
Ul usion
| Localization — Workflow Poss Ganarafor Localizer:
- EKF
P—
ﬁrld frame - Particle
GNSS »> GNSS localizer Filter
oo+ POINtS_raw Load map data (PCD) and
-_— publish it
Y
; Lidar localizer:
) - down sampling _NDT
LIDARs - concat, fusion e IcP >
L J - world frame Current pose &
velocity (100Hz)
filtered_ g — ( Y { Planni !
points Wl -ROI - i anning
Vision localizer: >
current_pose > i —1 o > and
pos\l\o(r;;(x,y,z) - direction (rollpitch,yaw) Catmeras [Eoffeiest ot J\ 7 = B?QDB(WhIte Line) | — | Control
- world frame
inig};a\l/pi);;se current_pose ‘—. -
posktion fo localzaon l AD Map »| - load around map ]Z
enme% Vehicle Twist Generator(Calculator,
sentence > co contol Fusion) Inifial guess only
CAN » - to vehicle status }\ Twist generator .
~~] - " CANIMU ba e_llnk_fr: me
The current Autoware (v1.11) depends onlyon ——— ( fusion
LiDAR (ndt_matching). Other inputs such as LiE > “Plas estimation } \ )
GNSS, CAN, and IMU are used to guess initial Eor vislializer(10Hz)
search position in ndt_matching algorithm. It is | TF )
(4]

@/ difficult to scale up scenarios which Autoware
can drive.

cocation |

LOCATION 4 |
=gl
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Lane level localization : Challenges

ERROR CORRECTION APPROACHES FOR GNSS.

« Real world is tough

Accuracy 0.30 m 0.02 m 0.10 m
Convergence Time  >10 minutes 20 seconds 20 seconds
- e NLOS satellite | .« Coverage Global Regional  Continental
LOS satellite | %~ ’ Seamless Yes No Yes
/ 1
i [ Direct path |
4 1Y—7
| Reflection path !
o
Reflection path J.r
(a) Multipath effect (b) NLOS effect

|

Lk 1;3_'1.' iy ln

Figura 7 Sparse GPS coverage

Figure 6 Precise tracking

LOCATION o
L] b/
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Lane level localization : Challenges

« INS error accumulation

—ISA-100C
25 - | ==LN200
"E" HG1700 AGS8
e A e f’ IMU cost = $15 — $25 K USD
op(t) =~ op(t,)+ ov(t,).At+ db,(t,). 5 + Sbg(t“).g.?-i- d0(t,).g. 5 nzc 1.5
15 T T ‘: 1 9
[—ADIS g
'E‘ —S8TIM w 0.5
gm— hgn '
é S 1 3 40 5 &
2 | <$500  <$5,000 =
c o |
e —— IMU-CPT
s —STIM200
0 : = | e H G 1920
0 10 20 Lo 40 50 60 S ¢ ADIS-15488
NG [SSC) .: T
1 [min] | s ¢
Position Error ~ ADIS 14.0
[m] STIM 9.0

IMU cost = $2 - $10 K USD

10 20 20 40 50

Time (seconds) Since GNSS Signal Loss
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 Performance evaluation methodologies
« NCKU kinematic test facilities

Northrop
Grumman
LN200

NovAtel SAGEM iMAR

n : . : T (

IMU Tactical grade  Tactical grade  Tactical grade SR LI
grade grade
Gyro Bias stability <0.3 deg/hr <0.3deg/hr 0.3 deg/hr <0.005 deg/hr  <0.005 deg/hr *
Accel. Bias stabhility <0.3mg <0.3 mg <1.0mg <0.01 mg <0.05mg
GNSS NovAtel NovAtel NovAtel NovAtel OEME NovAtel

QCEMS5 SPAN SE OEM5 7720
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Lane level localization : Solutions

« Multi-Sensor Fusion is the only way for safe PLAN  toubertetal, 2020)

SAE Level 2 Vision-based Systems SAE Level 4 LiDAR-based systems

Static Map Static Map
Localization Data
Dense 3D points from previous LiDAR

and IMU scans
markings, road Roadway Elements
signs, curvature, Everything that can be extracted
— elevation change Metadata
NSS

= Street names, speed limits
» Geofencing
PPP Corrections l

Location of paint
stripes, road

Localization

Il

Absolute l l

2 2 = Surrounding Static = =
MEMS IMU Localization Look-Ahead Perception Environment Localization
TR ey Syptees [ e
.a vail r Odomerty
Wheel Odometry - information up to Convolutional - 360° RADAR — e e ,’
Relative . 2500 ft ahead Neural Networks =i
Localization for Scene R - Inertia

Understanding <.|_ Localizatior
= (Kalman Filter)
steel"lng Cameras

N Visual-LiDAR Priore
Perception #»  Control Radar Dats o 7
e Combination -5 360° LiDAR — 3D Localizatior
Side Cameras [Particle Filter]
T [ Lane Edge Detection, I
B | ane Center Estimatior
. |- and Lane Counting Surrounding Dynamic Surrounding Static

Front Camera Age ot Environment

Front Radar Acceleration Motion Planning

Long Range — t'-LulL‘r\;l“.!,I\"L] Vehicle and Braking i

= - Jetection - Trajectory Decision-Making Routing and

Front Raikar Control Planning Agent Navigatior

Short Range ~———
Iriver Attention ¢

yriver Camers

Driver Camera > Detection

(Infrared)

Control System
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« An unified localization engine for AV piloted by HD Maps

Truly Autonomous Navigation Sensor:
INS

Corrected through PPP/RTK ﬂ*
Lat, Lon, Speed, Heading, Elevation
Cartesian Vectors Quality Metrics
Reflected Intzmltv

Lidar / Tiht Couplng with GNSS mewsremerts
Odometry Type Aiding: . GNSS et uryobe
(Relative Navigation states)- (uwﬁﬁ‘,;:,,,_m i e
Odometer, Cameraq, Lidar, Radar, e - v
Barometer, magnetometer and smart g '.; =
constrains ‘
% Position Fix Aiding C
/ e amera
(Absolute Navigation states)- Road atributes aligned t gobe refrence catum
GNSS, HD maps PR Sensor Fusion LS S A U
(PCD/Vector),ADAS map, Land Front, Side, Reae Deeply integrated
u u " Permanent and stationary objects *  Input quality characterization
mark, Various ground RF aiding l « Integrity monitoring
*  Reference frame alignment
(UWB' BLE’ RFID) *+  Vehicle position state estimation (translation, rotation)
adar ,
Vehicle Control Precise Map
Perception Sensors + Pathplanning Absolute Localization Sensors
Vehicle Reference Frame ¥ Ssring anvlbrakeg Global Reference Frame

(e.g., ITRF-2000, WGS-84)




G PRIN Teb =5 . _ . HD 1} | istnemmmos
Lane level localization : Solutions

« An unified localization engine for AV piloted by HD Maps

Camera localization in HD maps (Stereo)

eEstimate 201

Aﬂh

https://www.youtube.com/watch?v=NIZQLEdYi8| https://www.youtube.com/watch?v=a_BnifwBZC8

i
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Lane level localization : Solutions

 An unified localization engine for AV piloted by HD Maps

[l J IMU/HD Vector maps/Odometer/GNSS

« GNSSwith RTK
‘Where in Lane — Which Lane y - INS/CNSS/OBDII odo
| (Commercial software)
A - Map Matching
: I -- HDmap-aided INS/GNSS/OBDII odo
e
(NCKU prototype system)

,Y -- Reference

Horizontal

Real-Time Pose Graph SLAM based on Radar Which

Martin Holder, Sven Hellwig, and Hermann Winner

Presented at IEEE Intelligent Vehicles Symposium 2019
This video is available under CC-BY-NC-ND 4.0 International

https://tuprints.ulb.tu-darmstadt.de/8756/
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 Navigation safety for autonomous vehicle

Current Predicted Kt it Predicted future
position position erthimi time pose
) Current oquirement box
/ Alert Limit Requirement time pose

== ]

[ =~ ==

(Joerger and Spenko, 2017)

Challenges in bringing aviation safety standards to AVs

—GPS-alone is insufficient  multi-sensor system needed

—not only peak in safety risk at landing  continuous risk monitoring
~—unpredictable meas. availability prediction in dynamic AV environment




9 HIGH DEFINITION
MAPC | MAPS CENTER

PE"NTéC@' :
Navigation safety

 The operational environment of Avs is far more

unpredictable than the aircraft

A changing environment
« Environmental diversity
« Road users that may interfere with AV motion

« Comparatively large number of car manufacturers, equipment
suppliers, and vehicle models
* Non-uniform vehicle and road regulations

P =i, o}
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