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Super Cruise — History and Future

= Debuted in 2017 with CT6 Sedan
— Lane Centering in addition to Full Speed Range Adaptive Cruise Control
— Uses High-Definition Map and Front Camera to detect Lane Marks

— Lane Change following Driver Request
— Able to accelerate and decelerate slightly to search gap to change in

-  Eventually will be expanded to many name plates
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Lane Centering with Super Cruise on Cadillac CT6

Long Range

Short Range

f Camera
7 View

= Sensors
— Pre-Scanned High Definition Map
— Map matching with GPS
— Camera
— Long Range Radar
— Short Range Radars

= Actuation
— Electric Power Steering

= Driver Monitoring System for Safety
— Infra-red Face Recognition
— Steering Wheel Touch Sensor
— Chime and Vibration Seat
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System validation for driving automation system

- Pains
— Big data size from “tens of thousands of miles” test drive

= Time consuming for data analysis

— Not easy to reproduce a real-world traffic situation with
closed-loop simulation
= Hazardous test scenarios
=  Unwanted system behavior

= Virtual driving scenario from recorded data
— Reduce development time

— Enable closed-loop simulation to identify the root causes for unwanted system behavior

2> How to create driving scenario from recorded data?
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Compare with
recorded video

Create virtual driving scenario from recorded data

Localize ego
trajectory

Reconstruct
target vehicles

Reconstruct
road network

Record and

select data

% Create an object to access the MF4 file.
mdfObj = mdf('RecordedData.mf4");
mdf
LA - | sensor |
— ) eg0 x| S 1953x3 timetabl
S 3905x5 timetable X3 Umetable
MDF(Measurement Data Format) 1 2 8 4 1 2 3
Time Latitude  Longitude Vx Vy Time lane vision LRR
1 1.7871sec|] 423775  -83.0382| 27.4446 01 1.7871 seq1x7 struct | 1x7 struct |1x1 struct
2 1.8071sec| 423775  -83.0382) 27.4498 012 1.8271 seqx1 struct | 1x1 struct | 1x1 struct
> 18271 sec) 423775 -83.03844 274571 0 3 1.8671 seq7x7 struct |1x1 struct |1x7 struct
4 1.8471sec| 423775 -83.0382| 27.4678 0 4 19071 ‘? 1 struct |1x1 struct Ix7 struct
5 18671sec| 423775  -83.0389| 27.4745 0 TRA T SEQIXT STUCL [TXT STUCE IXT Suc
6 18871sec| 423775 -83.0382)| 27.4800 0 5 1.9471 sec _?x? struct |1x7 struct |1x7 struct
7 1.9071sec| 423775 -83.03820l 27.4897 ol6 1.9871 seqix1 struct | 1x1 struct |IxT struct
8 1.9271sec|] 423775  -83.0382| 27.5004 0|7 2.0271 seq7xT struct | 1xT struct |1x1 struct
WWQ—J_S 2.0671 seq7x7 struct | 1x71 struct | 1x71 struct
. 9 2.1071 seq 7x7 struct |1x1 struct |1x7 struct
GPS Vehicle ]
Data

On-board sensors
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Create virtual driving scenario from recorded data

Reconstruct

road network

— T— 4. Figure 3: TopologyGeometry = O X
\“———_—__—————/ File Edit View Inset Tools Desktop Window Help N
s Dade @ |0E KE

— — —Boundaries

- B %
df / s T8,
Fs » .
m o # 3
>-\_____________/< % < N < +  Nodes
% R X
\_‘___________/ % A -

o LY o v Z \
\ Ayt R
~— (GPS) _) 42°23N | b . : & \N..,‘ .
, HD Localization Model
— - — Lane Geometry Lane Attributes
g K . ~
3% ¢ \ Lane Topology { Lane Road References
42:22N [ KX Say
4 -} s ; .
B e <\ % Esri, HERE, Garmin USGS, Intermap, METI,
1km ty ® INCREMENT P, NRCAN, Mapmyindia,
”h" \"\ Esri (Japan, China (Hong Kong), Thailand),
S ! ‘h ©0penStreetMap, GIS User Comm.
83°04'W 83°03'W 83°02'W 83°01'W
Longitude
Routing Attributes '  Speed Attributes External Ref Attributes
./ . S S
d — h d l 1 d 1 1 d . ADAS Attributes Topology Geometry  Routing Lane Attributes
HDLMreader = hereHDLMReader(latitude,longitude);

plot(topologyGeometry);

o Z5mpn

Road Centerline Model

topologyGeometry = HDLMreadeP.Pead("TopologyGeometry");qj

Fat PN

High-Definition Map with Tiled Layers
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Create virtual driving scenario from recorded data

Record and
select data

mdf
__ (GPS)

Reconstruct
road network

Localize ego
trajectory

Z Figure 3: TopologyGeometry

File Edit View

Insert Tools Desktop Window Help

Nade (& 0E »E

42°23N |

Latifide

42°22'N

X TR
5 e
W22

““3‘ WwhZ

Reconstruct

target vehicles

Compare with
recorded video

«{ﬂbﬂaﬂﬂNbﬂm'IEggll

Create driving scenario

-200

Import road centers,
lane information

s e
' ’

. o

T\

2
Esri, HERE, Garmin USGS, Intermap, METI,
INCREMENT P, NRCAN, Mapmylndia,
Esri (Japan, China (Hong Kong), Thailand),
@OpenStreetMap, GIS User Comm:.

83°03'W 83°02'W 83°01'W

Longitude

HDLMreader =

hereHDLMReader (latitude, longitude);

topologyGeometry = HDLMreader.read("TopologyGeometry™);
plot(topologyGeometry);
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Create virtual driving scenario from recorded data

Record and Reconstruct Localize ego Reconstruct Compare with

select data road network trajectory target vehicles recorded video

" Driving Scenario Designer - GM_session_original - Actors
d g 9
DESIGMER
wOHd & He @@= a0 b » 8ws [ @ &
Mew Open Save Import Add  Add Add  Add  Geto Step  Run Step VRepeat  peraun 3D Export
- - b b Road Actor™ Camera Radar Start Back Forward Layout Display -
1 FILE SCEMARIO SEMNSORS SIMULATE VIEW EXPORT a
Vehicle Speed —r , —
I oads ctors __[ Scenario Canvas l __[ Ego-Centric View l
| 1: original (ego vehicle)
Name: original Set Az Egl I T I I T I |
, \\
Class: Car ~ 100 F Ve ™,
30 Display Type: |Sedan \J
* Actor Properties F, \\ p
» Radar Cross Section . s 4 ) )
S trajectory(egoCar, waypo‘,l\,n,ts, sggeds
] wait Time at Waypoints [ o uwESRN
- r T , \ 3
[] constant Speed (mis): i
Waypoints " é
xm) | yem ||
1 -1.8205 0.6406
2 -3.0235 31114
3 -4.2581 5.5821
4 -5.3380 8.0329
5 -£5.5414 10,5237
B -T. 7448 12.9945
7 -3.9750 15.4881
8 -10.2132 17.9589
< i i i i i i i
290 280 270 260 250 240 230
Road interactions disabled Y (m) T=s
e
9
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Lateral deviation of ego vehicle from lane center

Lateral Deviation from lane center

2 l T l T l
15f"_""_""""_"_"Tighﬂér?e_bauﬁaaFy _________ |
1
> lane center
© .05 .
@
g | Camera lane sensor 1! ; '
P!
1.5 _ %
I A DU RS S S (N left lane boundary
2~ laneSensor . 7
GPS GPS based trajectory
_2.5 | | | | | | | | | i
0 200 400 600 800 1000 1200 1400 1600 1800 _,! !4_
travel distance (m) !
Lateral
deviation

10



Localized ego trajectory by lane sensor data

Lateral Deviation from lane center

lateral deviation (m)

Camera lane sensor

1
—
I

Localized ego trajectory

o~ =

.
.

localized

N\
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1.5 -
— laneSensor| ————— — — — — — — — — — — — —
2 GPS .
localized GPS based trajectory
25 | | | | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800

travel distance (m)

Laiteral
deviation

lane center
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Driving scenario view Bird’s-eye plot with

drivingScenario \ sensor detections birdsEyePlot
\
= =
Scenario View Birds-Eye Plot
Pause at: end
;] - -
5 ‘ - (samples) ol o LatDev: (').4 (m), L'ane WIdﬂl‘I. 3.6 (m)l
|~ Map with GPS Position - =
' g ¥ Vision
[ 200 80 F Lane
|
_ : ol
Map with GPS |5 »ool 12
position \j g ol 70t _
| L=
geoplayer *\ . Al i _
E o 54
' -1000 ol ¥ ]
| : 1200 =
| | @ v 1400t , , , 3
| \ -4 X 1500 1000 500 0 4a0r “ & n
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' 17871 sec, 98.8 kph, 0.117 degls 30 - i
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time stamp, —* pu R 2 I
ego speed #
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imshow ‘ % 10 0 10 -20
Y (m)
12
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Create virtual driving scenario from recorded data

Record and Reconstruct Localize ego Reconstruct Compare with

select data road network trajectory target vehicles recorded video

z visualizeData: visualize GPS data on map + video + driving scenario + sensor detections - O X
- Scenario Player Scenario View ~Birds-Eye Plot
| Play | | Stop| Current{ 462 ] Pauseat:; end
2 = — LatDev: 0.6 (m), Lane Width: 3.7 (m)
| lap with GPS Position L = r ! I 1
N ©  Radar
il \ WV Vision
W > S -
| /\\ =
\_'/// ' Z . = il
e ) =
A 5\ % 15
e \ N
Vi R o St e 23 &
(> o % L
0 & < 60
a9 o W % 2
e - Q7 2 % 62
) <A o 2 0% 0 : 4
- < 2 2979 o)
g 9 B %32 % = 50 [~
N\t ° % 4 —
e e %2 =
\e P o ‘G L =
S e "~ b -1400 x
200m JALLS | 40 -
R Esr, HERE, Garmin, INCREMENT P, NGA, USGS, 1500 1000 500 0 [
NRCan \ Y (m) ia
~Chase View
38.666 sec, 92.4 kph, -0023degls 30
j-"_ - ‘, 7 &
;- ( /’f =
20
10 - ;5'23
0 1 I 1
20 10 0 -10 -20
Y (m)
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Create virtual driving scenario from recorded data

Record and Reconstruct Localize ego Reconstruct Compare with
select data road network trajectory target vehicles recorded video
{4 visualizeData: visualize GPS data on map + video + driving scenario + sensor detections - O X
ISC::T ras)t{:;] Current| 462 | Pauseat| end | seenaro e EEE [t
ZE C : ) = o LatDev: 0.6 (m), Lane Width: 3.7 (m)
| Map with GPS Position : ] ! I - Rahar
Vit \ ¥ Vision
L AN > gl
\ZG’&/V "\‘ / I z B |
Sd 2 ‘ AR & d‘\
% : we [ D@ N T
% ¢ L St 20% 5 Radar
- z 5 2.9 .
\% %,g % e T 1 Detections
) . By Lo~ =
; \ A \o*s\ na x m
g: Esr HERE, ea?ﬁn.'f:acdaahgmg :. NGA, USGS | = ira Re po It

e 666 soc, S24kph, 0023 dogls [ i 1 targetS Only
e I Target in ego and

vehicles o 1 neighbor lanes
: TI |
Y (m) i ;
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Target vehicle trajectory

= Target vehicle trajectory is defined by a series P,
of actor poses

- Actor poses consist of /ﬂ
— Position (X;,Y;) vt\@
— Velocity v, )

— Orientation ¥,
In world coordinate

world coordinate

15
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Estimate heading angle of target vehicle

« Radar detections provides target position and
velocity in ego coordinate

— Xt, Y6, U, Uy, (@7 ) < radar detections

- Estimate heading angle of target vehicle
— Heading angle in ego coordinate

« ¢, =tan~! (v—y)

(2%
— Heading angle in world coordinate

- qjtarget =@+ lIJego
= Target position in world coordinate
- X Ye) = (Xego' Yego) + R(I‘Uego) ' (xt'yt)T ) world coordinate

16
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Extract target trajectory from radar detections
Extract target trajectory

60 —
[ ]
40
a
S 30+
2
o . ]
20 - -
-
. ]
10 —
[ ]
[ ]
0 | | | | | | | |
0 10 20 30 40 50 60 70 80
nw 5
2 E
D)
=
(@]
: MH—HUW
g o | | | | | | | |

0 10 20 30 40 50 60 70 80

Time (sec)
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Example of estimated yaw angle

Yaw angle (ID = 50)

120 -
yaw
filteredYaw
119 |-
118 - ,"‘\
S5 M7 }' . i}
_\8/ ‘r‘* .4-‘\5!“ \'
© \ NS ) ’
:C,? 116 / N N 4 \/ \‘
=
> 115 - \ \‘ / ) N A
{ ’ ™
114 - ' 4
filteredYaw = smoothdata(yaw, ‘sgolay’);
113 |- % smooth yaw using Savitzky-Golay filter
112 | | | I I |

0 5 10 15 20 25 30
Time (sec)

18
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Create virtual driving scenario from recorded data

Record and Reconstruct Localize ego Reconstruct Compare with
select data road network trajectory target vehicles recorded video
Z visualizeData: visualize GPS data on map + video + driving scenario + sensor detections — O X
FET ?‘-‘g—:ﬁi current;i# = atl@ Scenario View ; = }1 ~Birds-Eye Plot
A= = =l ; g ,, LatDev: 0.4 (m), Lane Width: 3.6 (m)
i Report radar
e | | detections
’ " in ego and
;i | | neighbor lanes
v
}3
N
S -10 -20
19
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Synthesize sensors with virtual driving scenario

Record and Reconstruct Localize ego Reconstruct Compare with

select data road network trajectory target vehicles recorded video

z visualizeData: visualize GPS data on map + video + driving scenario + synthetic sensor detections
- Scenario Player Scenario View = = - Birds-Eye Plot

‘Pause) | Stop | Current§ 31 | Pause at:! end ;? \

=1 : - i % LatDev: 0.1 (m), Lane Width: 3.5 (m)
S T T T
= N :
ol _ Synthesize
& 1] SENsors
n
= 60 |2

o t NRCan

- Video ~Chase View
4.2672 sec, 100.4 kph, -0.459 deg/s
Sekrsoldg — e s

F T T
. A




‘ MathWorks:

Integrate driving scenario + sensors with a close-loop system

Record and Reconstruct Localize ego Reconstruct Compare with
select data road network trajectory target vehicles recorded video

~Birds-Eye Plot

0 LatDev: 0.1 (m), Lane Width: 3.5 {m)

||

| i Synthesize
with a close-loop system | 'i Sensors

Integrate driving scenario + sensor models ol

Long Range

Short Range

21




Closed-loop system for lane centering

— Radar

— Vision

— Lane

Lane Centering System Under Test

Sensor
Fusion and
Tracking

Estimate
Lane Center
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Use surrogate algorithm

¢

Find Accel
Lead Car
Mo.de.l Ego Vehicle
Predictive :
Control : Dynamics
Steering
Preview — >
Curvature
| Speed Ego pose
Vision Detection
Generator o
Driving
Scenario i
Radar Detection "
‘_
Generator targets t .

Sensor Models

Virtual driving scenario
from recorded data ,,
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Surrogate closed-loop system for lane centering

Lane Following with Spacing Control

Model Buttons

Edit Setup @
Test Bench Script
Infi
Fromd —] / VV J/
ision
i ego_acceleration
BusVision Vision Acceleration 90, P Acceleration /Z
(M) myss) Radar
L . ego_velocity
Radar Longitudinal Velocity
BusRadar
. steering_angle | . Lane Sensor
) Steering Angle Steering Angle
driver_set_velocity 3 i (rad)| (rad)
v_set Driver Set Velocity Actors
Vehicle and Environment
Longitudinal Velocit;
double (m/s) (m,s!;w ! 1y Track BusMultiObjectTracker1
racks
Actors

double
n

System Clock

System Clock

Lane Sensor

MIO Track Index

L

»
L

Tracks

MIO Index

Lane Following Controller

MIO Track

/I’é

Lane Sensor

Collision Detection

Lane following

controller

AR

Vehicle and
environment

1

Collision
detection

Lane Following Control with Sensor Fusion and Lane Detection

Automated Driving Toolbox™ -


https://www.mathworks.com/help/driving/examples/lane-following-control-with-sensor-fusion-and-lane-detection.html

Surrogate closed-loop system for lane centering

Model Buttons
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| v_set

| 12:34

System Clof

Radar detection
sensor model

ehicle Dynamics

Driving scenario reader
(target vehicle poses)

Lane Following with Spacing Control
Edit_ Setup @
Test Bench Script
Info
—__ environment
Vision
Vision ) ego_acceleration
i Acceleration Acceleration —
BusVision (mis?) {mig?) Radar
200 velocity
[Vehicle and Environment }
Eg O Ve h IC I e Actors and Sensor Simulation
XY P m = P 1 \ /
itio b P Posit
‘oSl “:3 posilion u]]]] m]]] (rr'ﬁ (,:JSI jon pos DRadar \/
> etection .
(mis2} Actors Generator =
@ » J\/ —» Acogleration ) 0 [Sensor Index: 2]
Acceleration (V& oy ALl g tmfs.; Veloclty 2 » vel
System Latency () I [ we— LFACC_04 Curve_CutinOut
(e i) ‘. Ego Vehicle
Ego .
d O packEg . Object
Yaw Angle %) > —— tde§ Yaw Angle 3 yaw P Actors D:tlglccl'inon Detections
(deg) [ [ (deg)
Lane | LENE [SenGseor;elrnadtg;: 1] Lane
Boundaries | Boundaries ~ Detections
vegisy | O
- ‘Yaw Rate o —— P Yaw Rate 4 P yawRate
.—> fod) —/\/ a{h Steering (degis) M m et =2 4
Steering Angle (120 (r2a)
System Latency [ i SAE JBTOE to ISO 8855 Pack Scenario Reader
(Steering angle) Lengitudinal velocity L

P n -

Vision

pu

Lane Sensor

Pack to Custom
Sensor Data Format

Vision detection
sensor model
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Lane centering test bench with recorded target vehicles

Vehicle dynamics

-

Acceleration

Steering Angle

rmfsz).__/\

v

System Latency
(Acceleration)

(rad) _/\
b
V4

System Latency
(Steering angle)
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| groundTruth 0 | i
1%975 struct with 3 fields
Fields BEltimeStamp BE‘ nurmOhbjects ohject
1 0 Txed struct
2 0.0200 Toed struct GM_video_sync.mpd Video
3 0.1600 Ted struct V. 432x768, 12.5 fps Image » Image \iewer
4 0.2400 Txed struct
5 0.3200 Tt struct Video Viewer
B 0.4000 A 1ed struct ]
7 0.4200 A 1ed struct egoCar  helperActorReader  Actors pro—
2 0.5600 Txd struct
9 0.6400 A T4 struct
10 0.7200 A 154 struct
1 0.8000 1ed struct SensorfSimulation
B " "
0. A T C » 5
Actors
(m) -
XY Positions —p P Position 1 P pos
(m) | position | mrm (M) () Radar
Actors —»—] Actors g::%?;?gr Detections 2 )
" 0O [Sensor Index: 2] Radar
o1 = limis
(IS5} mis?) XY Velosities b p | velosiy 2 »vel
-
(rnée) (0 (il In_updated_followLaneCenter_ad
a B Ego Vehicle
kEgo .
de [ pac - Object
Yaw Angle = > M Yaw Angle 3 P yaw Actors Vision Detections #(D
(deg) m m| ‘99| ea ggrt]%?gggr Vision
Lane Lane Sensor Index: 1 Lane | B
Boundaries "| Boundaries [ ] Detections - .cm @
ldegss) O Lane Sensor
Yaw Rate > P Yaw Rate 4 P yawRate Pack to Custom
—P|Steering (deg's) m | (9°9'S)|desss) Sensor Data Format
(rad)| (rad)
0O SAE JB670E to ISO 8855 Pack Ego Actor Scenario Reader
Longitudinal velacity > —
[ [m Longitudinal Velocity

Vehicle Dynamics

25




4\ MathWorks

Closed-loop simulation using reconstructed virtual driving scenario

BIRD'S-EYE SCOPE

¥ Ground Truth
Road Boundaries
Lane Markings
v Actors
Actor 1 (ego vehicle)
~ ActorReader
Actor 2
Actor 3
Actor 4
Actor 5
Actor 6
v Sensor Coverage
¥ Vision
1 Vision Detection Generator:1
v Radar
2 Radar Detection Generator
Lidar
v Detections
v Vision
Vision Detection Generator:1
Vision Detection Generator:2
v Radar
Radar Detection Generator
Lidar
¥ Tracks
Group1
mio_track
Lane Following Controller:3
v Other Applicable Signals
Scenario Reader:1

X3

Longitudinal Distance (m)

Lateral Distance (m)

W lead_velocity M driver_set_velocity M ego_velocity

30
20 4
5 10 30 35 40 45 50 55 60
M relative_distance M safe_distance
50
0
5 10 30 35 40 45 50 55 60
W ego_acceleration
04
5 10 30 35 40 45 50 55 |

4

[

Running

RGB:432x768  T=6.000
26
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Simulation result (longitudinal & lateral control performance)

longitudinal control performance

Velocity

30 T =
A

» 25 ego velocity
1S — — — set velocity i

20 lead velocity

I
0 10 20 30 40 50 60

time (sec)
Distance between two cars

actual distance | |
safe distance

0 a 10 2b 30 CZO 50 60
time (sec)

Acceleration

time (sec)
Collision status: 0 or 1

T T T T T
collision status

| | | | |
0 10 20 30 40 50 60
time (sec)

lateral control performance

Lateral deviation

lateral deviation (m)
o
1

lateral deviation ‘

10 20 30 40 50 60
time (sec)

o
I3

relative yaw angle (rad)
o

-0.5

Relative yaw angle
T

relative yaw angle ‘

— N

»\,\W

0.5

10 20 30 40 50 60
time (sec)
Steering angle
T

-0.5

steering angle (rad)
o

l steering angle ‘
1 I I 1 I
10 20 30 40 50 60
time (sec)

a,b,c : problem cases where headway distance drops below the safe distance.
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Driving case (b): cut-in vehicle at low speed

longitudinal control performance

Velocity
30 T N N H W lead_velocity M driver_set_velocity M ego_velocity
A 30
» 25 ego velocity . H‘hhﬂv
1S 20 — — — set velocity °
lead velocity 25
: 5 10 15 20 %5 30 E3 40 45 50 55 6
0 10 20 30 40 50 60

W relative_distance M safe_distance

time (sec)
Distance between two cars

T T T T T

60 L ,— - \I M‘ - i
E I — ;

40 1 actual distance |

1 1 safe distance
20 I | ) | | I
0 10 Zb 30 40 50 60
time (sec)

Acceleration

time (sec) !
Collision status: 0 or 1
| T

collision status

0 10 20 30 40 50 60
time (sec)

a,b,c : problem cases where headway distance drops below the safe distance.
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Driving case (c): cut-in vehicle with too close distance

longitudinal control performance

Velocity
30 T 1 N o i W lead_velocity M driver_set_velocity M ego_velocity
A ﬁ 30
0 25 ego velocity ® Lw:'hv’"uﬂ !
1S 20 — — — set velocity ' ;
lead velocity 2
: 5 10 15 20 25 30 35 40 5 50 G
0 10 20 30 40 50 60

time (sec)
Distance between two cars

T T T T T
L Pialalaly M |
60 i I A
£ : [
40 1 actual distance |
1 1 safe distance
20 I I | | ) I
0 10 20 30 40 50 60

time (sec)

Acceleration #
0 10 20 30 40 50 60 |
time (sec) Lo
Collision status: 0 or 1 =
| T T I T
1 collision status B \
osk | cut-in from-left
0 | | 1 | | I
0 10 20 30 40 50 60
time (sec)

a,b,c : problem cases where headway distance drops below the safe distance.
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Conclusion
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= Created virtual driving scenario from recorded data

r

\\_—___//

Reconstruct Compare with
target vehicles recorded video
"""" — . — |
~ i e
PS = . _Radar < .

,_Camera _
" Lidar

| b
Y= ¥ Eardoi =

pe reetMap
OpenDRIVE

Closed-loop
Simulation
« Reproduced real-world driving scenario in the virtual simulation environment

— Assess functional behavior and identify root cause for problem cases
— Reduce development time with limited resources

— Enable repetitive tests for hazardous scenarios

30
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Remark

= Collaborative effort between GM and MathWorks.
= This study has been published in the SAE paper.

2020-01-0718 Published 14 Apr 2020
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Presenter contact info and poll questions

Please contact us with guestions
« Gabriel Choi, General Motors LLC (gabriel.choi@gm.com)
* Seo-Wook Park, MathWorks (spark@mathworks.com)

= Poll questions : | found this
technique the most interesting

1.

o 0k W

Access mdf data

Road network creation from HD map
Ego vehicle localization

Reconstruct target vehicles

Data visualization

Close-loop system integration for lane
centering with Simulink

= If you would like to an individual
follow-up, please provide your
name and email address in the
WebEX poll area.
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