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Sensors for autonomous vehicle

Components Installed Position

1. Long Range Radar Sensor (77GHz) Front
2. Camera (lane and object) Front
3. Sensors Side
4. 24GHz Radar Sensors Rear
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Sensors for autonomous vehicle

Camera

Lane Detection (LD)
- LDWS/LKS/LXC

Lateral offset
Heading error

Lane width

Vehicle Detection (VD)
- ACC/TJA

Relative distance
Relative velocity

Vehicle type

Pedestrian Detection (PD)
- AEB/AHS
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Relative distance
Relative velocity

Intention




Sensors for autonomous vehicle

Video  Aanatation

Ref : DOLLAR ET AL.: PEDESTRIAN DETECTION: AN EVALUATION OF THE STATE OF THE ART
shosThstm Qa3 st oAl
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Sensors for autonomous vehicle

a wide catalogue of scenarios:

_ solid, dashed, double and triple lane markings
_ white, yellow and blue lane markings

_ bright sunlight and inclement (rainy/stormy) weather.
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Sensors for autonomous vehicle

e Vision sensor2] &t H &
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Sensors for autonomous vehicle

* Vision sensor : Camera among optical sensors has received attentions from industry
since relatively low cost camera can provide lane information effectively.

. 2
fe(s)=co+cis+cas”+ c38°

* ¢, : the lateral lane center offset at c.g
¢, : the heading angle error at c.g

: curvature/2 at c.g

: the curvature-rate divided by 6 c.g.

Fig.1 Front view road lane information
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/. Introduction
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Collision Avoidance (5= &X])
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FH XtEho| X XHEe| FAl K22 2 45| X HYE
N2
ACC (adaptive cruise control)2| 4%
FH XHEFo| Xt XHEe| = Z= £l ExHE uf cipv
(closest in path vehicle) 2 21 A5 B 2
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/. Introductsion

¢ Kjakol 73 A2 E 0% e He
MM 7} T4 A2 YOt tracking SH=LFO| 22 QLLt,
IhEpA] F A trackingdHe 20l CHSH0] 0| 0] B2 177 FIRE| Of KiCt

“An IMM Algorithm for Tracking Maneuvering Vehicles in an Adaptive Cruise Control Environment”
“Specific Features of IMM Tracking Filter Design”
“Interacting Multiple Model Methods in Target Tracking: A Survey”
“Sensor Fusion for Predicting Vehicle’s Path for Collision Avoidance System”
“Multi-Target Multi-Object Tracking, Sensor Fusion of Radar and Infrared”
“Multi-Vehicle Target Selection for Adaptive Cruise Control”

“Vehicle Trajectory Prediction for Adaptive Cruise Control”
FUSME|SE 0| S AT FUME 27 AP
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/. Introductsion
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/. Introductsion

a ADAS Controller
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Object
s Object Vehicle Path Prediction

$ sensing
= Object Vehicl
Radar » . Je _E cie Object Vehicle
a Multirate Relative Path
- Sensor Data Fusion Position & Velocity L.
Ego Camera > A Prediction
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2 Paramerric [rajectory Prediction
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2 Paramerric [rajectory Frediction
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N7H 2| sensor datas

Ct21t 20| matrix YE| 2 LEEFH 5= QL

1k - kM [a] [ f(k)

K - kM e | | f(k)

Do C e, | | where N>M +1
1k kNMJ_aS_ _f(kN)_
- ~~ J %r_/

K A F

CIS 1t Z2 weighting matrix& F7t8t 5§l
weighted least square method & S ol
ZM X3 it
W =diag(w;,W,,--,w, )
WKA =WF




2 Paramerric [rafectory Frediction

23, FH AL T F2 015
2-3-1. position based prediction
Qroll A M X3t
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3 Experimental Resulrs

2| MO M T4 X ol
i Kol ATy 2Ixlet

90
t3
= K2 ki t1 12 -
Eso o ‘ ©
o ‘ present
70 I I I I I I
17 18 19 20 21 22 23 24

Time [sec]

y [m]

17 18 19 20 21 22 23 24

Time [sec]
. 4 oL
é’ ol T RK .t t2 3
S T =% T~
X 0 present ‘ ‘ ‘
21 e N S S S ]
17 18 19 20 21 22 23 24
Time [sec]
510*'
E 50 ‘
> 0 - R Y T~ e — i — —]
> : ; - present h
17 18 19 20 21 22 23 24
Time [sec]

<1x S Heg At >

>

UNICON LAB, Unmanned & Intelligent systems Control Laboratory

LEl IOA OI =22 = 7=|I'|"'I. I °|"'H
22 SMo| ZSF= A%5H7| $lo
EE
=
=0° = ul
= |_|' T =2LH= H|
90
: . t3 : ews| | d dat
'E'SO,, ks k2 K 1 2 A used data
< L preseht ¥ | fused data at k3, k2, k1, present, t1, t2, 13
70 i i i i i ; predicting data at t1, t2, t3
17 18 19 20 21 22 23 24
Time [sec] prediction curve of each data
sF : :
E o}
> L - .
Sr ; L present ., ;
17 18 19 20 21 22 23 24
Time [sec]
L
é’ 2; k3 k2 k1 . .. o1 t2 . 13,,_,‘,___
. present .
>'2’ R S S S S ]
17 18 19 20 21 22 23 24
Time [sec] -
‘ ‘ ‘ ‘ 2L A1 O
of e 1k 2MozE
> = - - - . . = 5 —
= o S B 1 X, ¥ Ny 1~
. - present : : -|—O
N i R ST L i
17 18 19 20 21 22 23 24
Time [sec]
<2X M X3t

INCHEON NATIONAL UNIVERSITY



2 Experimental Results

1) Simulationin M = 2
XX Sk 29m/fs, FH A £ :30m/s

2) Simulationin =M E2

Kb X2 &S5 . 29m/s, TH X F T :30m/s
3) Test with & X| MIA{ GjjO| E

XX S 1am/s~16m/fs, TH X £ : 12716m/s
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“(3) constant velocity modelS 7’8t 5| Kalman filter
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2 Experimental Results

lane ====| fused data o position based prediction
E OI Al '6'.' b | -ll_ *® | fused data at k2, k1, present, t1, t2, t3 A | velocity based prediction
3-2. r=| =28 =21 : , . ) .
x-coordinate of the local coordinate D predict by using Kalman filter
. . with assuming constant velocity model
3-2-1. Simulation
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2 Experimental Results

lane === fused data
E Ol AlSH 74 -1 ¥ | fused data at k2, k1, present, t1, t2, t3
3-2- — E [ | E'L
I I- x-coordinate of the local coordinate
. Al
3-2-2. Test with & &| 4l A{ Gjj O] E ~ —
o position based prediction
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