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AEBS 1
Advanced Emergency Braking System ® 1
AEBS/LDW 1
FCw . — Mandatory for 1
Forward Collision Warning New Trucks> 3.5t :
LDW FCW/AEBS AEBS/LEW 1
2 LDW/BSD Mandatory for
Lane Departure Warning S éf - New Trucks>=3 5§ 1| AEBS
BUA NCAP Star- I ;\"a“‘ﬁatmy
Back-up Aid Rating FCW/AEBS*/LDW/BSD 1 [fj’r = &
Part of the NCAP Star- gL 2EEWE SaES
BSD Rating 1
Blind Spot Detection ?
: Most Likely
= : by Camera
- AEBS/LDW ([ BUA 7
FCW/LDW : Availability t.b. ::\/Iar"l\j:latory Mandatory for SUV's 1
Listed on the Safety Sticker Tor kew3 5 1| & van's .
On Cars to sell rucks>3.5t i

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

4

Decided I Under Discussion - Capabilities to Detect
1 Pedestrians will be Tested



e 2001, Nissan Cima

2002, Toyota Crown Majesta, Lexus LS460
2003, Honda Inspire
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BMW introduces new
Camera-Only Active
Safety Systems

ACC, Pedestrian Protection (braking), City Collision
Mitigation and Traffic Jam Assist

e malotoj(o]A2tH)
ISO 9001:2008 certified
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@ ADAS(Advanced Driver Assistant System) &4 Q1A 2Of

chd 7HH| 2t 0|8 Multi-Application EHX

& BOSCH

Vision Based Driver Assistance
Night Vision

Lane Vision

|
/ Lane Departure Waming -
v/ Lane Keeping Support =
Support ACC and

|

| ¥ Predictive Safety Functions
‘ Driver Alertness Mommng

o/ NV: Far Beam Sight with
Low Beam Light

/ NVplus: NV with mwgn
of Pedestri;

/hﬂlhlﬂl

Object Vision 4B Traffic Sign Vision
Support of Radar Based A 2|

¥/ ACC and Predictive Safety P.{j\ / Speed Limit Assistance
v/ Predictive Emergency Brakis a v Taffic Sign Memory

¥/ ACC Full Speed Range
'/Collmonw ming

I Mitigation

Support Passive Safety =
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Ch=Ql Ao M Mo A &2 2 LT (LDW—LKA §)
e
BOSCH Multi Purpose Camera
CHHW, e, » sUfASWdSY A& e
(HBA, LAK, FCW, RSR)
/
HELLA Scalable Multi Function Camera
CHMHW, e . &= sULASWdY Ad e

(LDWS, HBA, FCS, NV, TSR)
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BMW A LDW(Lane Departure Warning),
Volvo A FCW(Forward Collision Warning)
Mobileye
Cadillac A PCW(Pedestrian Collision Warning)
GM A TSR(Traffic Sign Recognition), BSD(Blind Spot Detection)
BMW A LDW(Lane Departure Warning), FCW(Forward Collision Warning)
Continental
(7 series) A IHC(Intelligent Headlamp Control), SLM(Speed Limit Monitoring)
Hella GM Opel A LDW(Lane Departure Warning), TSR(Traffic Sign Recognition)
A LDW(Lane Departure Warning), FCW(Forward Collision Warning)
Nissan,
Visteon A BSD(BIind Spot Detection), Map-based Curve Speed Warning
Volkswagen
A Driver Monitoring System
Ford, Audi
A ACC(Adaptive Cruise Control) with FCW
Bosch Peugeot, Renault
A Parking Aid System, Night Vision
Mercedes
Autoliv Audi,Fiat, Jaquar,Seat, Toyota | A Night Vision System with PCW
A Rear View Aid System with 4 cameras
HCL A TSR(Traffic Sign Recognition), AHC(Auto Highbeam Controller)
A License Plate Recognition
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o LDWS(Lane Departure Warning System)

* FCW(Forward Collision Warning)
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e LDWS(Lane Departure Warning System)
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@ LDWS(Lane Departure Warning System)
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Image Resize

Input Image

Image Distribution

HOG Lane Detector
(Histogram of Gradient)

Lane Connection

Lane View




KETI- LDWS

@ Image Resize

— Bilinear Interpolation 2f*H2 ot HA 37| HA

@ Image Enhancement
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Output Image

e Edge Detector
— Sobel Edge OperatorE 0|2¢t GAHQ| Edge =&
- 9% U REZ KM ME C}E 7|87| HRE 71
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@ Image Distribution

— HOG Lane ==
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@ HOG Lane Detector

— FE& EdgeOf|M X} 2 H Edge ES FE

—~ XM Edge| ZS YA #H2|0| pair edge?t ZX

- 22§ G40 o2t Distance MapS &85t XHd =& WH

@ Lane Connection & View
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& RoadlLaneDetector

DEMO - LDW

Get_Front Traffic Info (Start)

[Orignal Image]

[Front Vehicle Detection]

[Front Road Lane Detection]
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e FCW(Forward Collision Warning)
— W A FE FE AAYO S XIO| YHLE O|MOR FHSE AL 51
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FCW Algorithm

Embedded Platform
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@ FCW(Forward Collision Warning) &€112|5 HH| S8

07 PR » M1 p> Adg, ¢f U @A wim,
P AAI D n pF----- » Mainim., AdeL> B9 p AA D Lane! d 1
v

B: : v Image Enhancement
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Cascade Classifier(Adaboost) St
OpenCVE 0|8t S50 E 52
SHE XML DHY

MAZE GAOIMS K 3

image,ms
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v
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image_0134
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A Cascade of Classifiers

All
sub-windows

Training
Set(Face/non Face)

Feature Extraction
(Rectangle Feature)

v

A 4

Stage N

Haa

&

r-like Feature X Fast Feature
computation

~

M @S @@

N Edge Features Center-surround Fealures
image_0135 ; i i i
Line-Features
image_0145
itxy) )
© © |
(xy)
Tntegral Reclangle Rmalad Invsgm Tntegral Reclangle . R
- deangb
image_0155
<?xml versiof
L
-- matically converted from E o classifier, window size = 70x55 =->

- <car7oxsscas<aue151yne id="" opencv-hnr-classlﬂer >

<size> 70 S5</size>
- <stages>

image_0165

- <trees>
- <>

i

- <>

<

- <feature>

<i

image 0175

<l

</feature>

<threshold>0.0235 </threshold>
<left_y
<right_val>1.1</right_val>

<>
</_>
</trees>

image_0185

</>

tree 0 -->

</rects>

<stage_threshold>1.05</stage_threshold>
<parent>-1</parent>
<next>-1</next>

1= root node ==>

rects>
<_>403222-1.</_>
< >4034221.</ >

tilted>0 </tilted>

val>1.0</left_val>

Feature
calculation

Weight

update

Strong
Classifierf
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KETI- FCW
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A (a) Sample Image, (b) Sample Image{ Y 'ES A 1, (c) Sample Image{ Hough map

A Houghmap> M7 HEX DWMIT HL ' A t M1 HL w +(plus),

WM HL w i(minus)> Bhp!' ' 1 Energymapy E
A B nv2 HLE Houghmap] 4 Energy? & _"Y&d M1, EYEd WM e | &
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[Resize Box]

(HOG+Canny+Hough Transform)

EHD(Edge Histogram Descriptor)=

[Symmetric EHD]

MPEG-72| Video Descriptor Z2| SILI2 AIE|1 Y= M=%}

MPEG-7 Video Descriptor
EHD{ Global Bins¢ 5 =1

EE
11

Left Image Right Image
v v
> pAA > pAA

(Vertical, Horizontal, 45 diagonal,
135 diagonal, non -direction)

(Vertical, Horizontal, 45 diagonal,

135 diagonal, non -direction)

v

v

Hv! Hh' H45’ H135’ Hn

HV' Hh’ H45’ H135’ Hn
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Matching of histogram
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Casel | _ L
(Tracking)
Case 2 e L
(New Vehicle)
n n Kalman Predictor
Case 3
(Kalman and |~ ~ r=-
EHD)
T—$
EHD(Edge Histogram Descriptor)

Search Window <€—

Tracking
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Machine Vision _ Machine Vision _ @& MA{ NAEq ' x wil

[Vehicle Tracking] [Register Vehicle Region] [Vehicle Region Validation]



e FCW DEMO

DEMO - FCW

I~

W

Start Processing

Save Result

*Red Box : Ground True{Hand Make)
* Green Box : Result of FCW Algorithm




Embedded System

Tl Davinci DM8148(DM8127) Processor




W N
Embedded System

FCW 2¢12|= XE!

* TI Davinci DM8148(8127) Embedded System0{ =ZE!

* Windows 7|Hlo 2 7l &2 13|=S DSPO|| ZE!

* FCW 2 12|Z : Harr-Lkie, Adaboost@ 12| & OpenCVE 8
— DSPOf|A{= OpenCV 2}0|E2{2|7} 3202 OpenCV ZS&42 HH & =&

= ARM-DSP2| G|O|E{ MEF 2H|

Tl Davinci EVM Board
DM8148/AM387(Cortex 8)

A DSP: 1GHz

&
FCW Algorithm FCW Algorithm




Embedded System

e a A

~ —

AARM T 'EA:0Sd Yno»A iA0 "
ADSP TEA: 0 s U0/ AFCWQ =X € mum
AShared Memoryn s 0 %0 d FCWume ' &
D3 ARM DSP
(AM387x) (DM814x
Or
Embedded Linux DM8127)
Shared Memory
cash (SysLink) cash
load file Rassign memory
oS ; [Running]
usin : :
88 OpenCV forWindows Kernel 2.6.3 Detectogject ketiDetectObject
™ OpencCV for Lkw’r‘vlac
g OpenCV for Androi
result
& OpencCV for iOS v
Monitor
or
Sound




Embedded System

ARM® DSP+ € f L

ACodec EngineH A (xDM, xDAIS) : C++/ malloch L S nL nu

y http ://processors.wiki.ti.com/index.php/Porting_ GPP_code_to_DSP_and_Codec_Engine#How_do_| make.C
2B.2B_code XDAIS_compatible.3FV © ]

~

ASyslink HA : shared memoryn = . IPC(InterProcess Communication) d = 1~ + K HA

e SysLinkZt?
~ ARMZ} DSP7to| £ Alup
— Shared MemoryE 0| 2%t HitH

— IPCE M| 22|29} Buffer® 2G M 22| Al
DDR memory
Shared Region
for IPC (16MB)
ARM DSP
Cortex-A8 Shared Region Co7ax
For Buffer (56 MB)




Aopencvie o, s U+AQ =xLlniL nu Ht §
Ao o 55§/ A OpenCVA Wi =0 £ 1 DSP Awwe ., — AfFWisil' 4
y OpenCw =|= ~ Harr-Like, Adaboost Q™ = X OoLl — oOpencv: T "Et-

e s Ov= afWns

A&t w OpencVv

y cvHaarDetectObject() w/ A Qo ~

. CvHaarClassifierCascase
. CvMemStorage

. CvMemBIlock

. CvSeq

. CvMat

. CvMatND

. Class Mat

. CvSize

. CvSegReader

.Cv

. #define, Inline, Static

k€ OpenCVi &  $ 9, n

OpenCV

a8 OpenCV for Windows

™ OpenCV for LinuxMac

i OpenCV for Android

& OpencCV forios

class Mat;
cv::Mat, cv:: parallel_for (), groupRectangles (), cv::Ptr<CvMat >, cv:: AutoBuffer , std::vector
func ( src.data, src.step, sum.data, sum.step, sqsum.data , sqsum.step , tilted.data , tilted.step , src.size(), cn );

/Iba.cpp
func (int /*i*/, int /*j*/, CvMat *point_params , CvMat* cam_params, CvMat* estim, void* /*data*/)




void CvArr;

template<typename
class
class
class
class
class
class
class
class
class
class
class
class
class

class
class
class
class
class
class

_Tp>

Matx

Vec : public Matx
Point_

Point3_

Rect_

Ptr

Size_

Scalar_ : public Vec
Range
MatAllocator
AutoBuffer

MatOp

MatExpr
_InputArray
_OutputArray : public _InputArray
Mat

Mat_
NAryMatlterator
SvD

class
class
class
class
class
class
class
class
class

MatOp_Identity : public MatOp
MatOp_AddEx : public MatOp
MatOp_Bin : public MatOp
MatOp_Cmp : public MatOp
MatOp_GEMM : public MatOp
MatOp_Invert : public MatOp
MatOp_T : public MatOp
MatOp_Solve : public MatOp
MatOp_Initializer : public MatOp

edef struct

_Iplimage
CvMatND
CvSize

CvString
CvMemBlock
CvMemStorage
CvMemStotagePos
CvSeqBlock
CvSeq
CvSetElem
CvSet

CvRect

CvMat
CvSparseMat
CvSparseNode
CvSparseMatlterator
CvSaclar
CvSeqReader
CvPoint
CvPoint2D32f
CvSize2D32f
CvBox2D
CvPoint3D32f
CvPoint2D64f
CvPoint3D64f

Class Function

+ 4 22 AR B WER 2 eolE
< 7 2L E e

void, int, Mat_, Point_ etc... Functions

cvSVD()
checkRange()
cvCheckArr()
cvSetSeqReaderPos()
cvStartReadSeq()
cvSliceLength()
cvCvtSeqToArray()
cvarrToMat()
cvConvertScale()
cvCvtSeqToArray()
evSliceLength()
cvSetSeqReaderPos()

enum=1{ }

#definc CV_INLINE, CV_HAAR_DO_CANNY_PRUNING etc....



Open

e Kalman ZE -C++ ZE2 HA

Slclass CMatrin

{
public:
double Hinor{int row, int column) const;
double Cofactor(int row, int column) const:
CHatrix tdjoint() const:

public:
CHatrix operator”{const double oper) const:
BOOL operator!=(const CHatrix &rhs) const:
BOOL operator==(const CHatrix &rhs) const:
CHatrix operator={const CHatrix &rhs)
CHatrix operator=(const double &oper s
CHatrix operator={const double +element
CHatrix operator+{const CHatrix Zoper) const:
CHatrix operator+(const CHatrix &oper) const:
CHatrix operator+(const double oper) const:
CHatrix operator-{const CHatrix Zoper) const:
CHatrix operator-{const double oper) const:
double operator{ ) int row, int column) const:

double operator( ) int row, int column, double element);

public:
CHatrix GausedordanElinination{ ) const;
CHatrix GauseElinination( ) const:
double Deterninent() const;
CHatrix Pseudolnverse( ) consts
CHatrix Inverse() const:
CHatrix InverseGausedordan( ) const:
CHatrix Transposed ) const:
void Createfint row, int column)
wvoid Createlint row, int column, double element):
BOOL Createlnes{int row, int columni;
BOOL CreateZeros(int row, int column);
BOOL Createldentityiint square):

A/mEtHE] £

void CRalmanFilter:: nitFaraneters()

{
Mot Create(2,2h
o Createf2,1n
m_¥0.Create(2, 10
n_ . Create(2,2n
m_R.Create(1,1h
m-H.Create(1,2n
m_P.Create(2,2)
m_FO.Create(2,2)
m_Z.Create(2,1h
m_FredictPk.Create(2,2)
n_Predictdk.Create(2, 1
m_Trangh.Create(2,2)
m_TransH.Create(2, 10
mol. Create(2,2n
ni_temps.Create1, 10
m-tempZ.Createl1,1)
n_tempk.Create(2, 1)

mo¥0C1,1,0.0%
m_x0(2,1,0.0%

i-¥ = m_¥0,

molf1.1,1.00 m-l{1,2,0,
m_l{2,1,0.0n mol{2, 2,1,
m_&C1,1,1.00 m_&l1,2,1
moti2,1,0.00 mohi2,2,1,
moH{1.1,1.00 m_H{1,2,0,

o
ok

0

o

o

SICHatrix: i CHatrix(const CHMatrix &rhs)

{

}

m_nRow=rhs. n_nRow:
m_nColumn=rhs.m_ncolumn:
m_pdblElement = new double +[m_nRow]:
int .1
for{ i=0; i<m_nRow: i++)
m_pdblElement[i] = new double [m_nColumn]:

forfi=0. i=<m_nRow: i++)for{i=0; j=m_nColumn: j++)
m_pdblElement[i1[il=rhs.m_pdblElenent[i][i]:

SICHatrix: i CHatrix{const double &element)

{

}

m_nRow=1;

m_nColumn=1:

m_pdblElement = new double *[m_nRow]:

int i.i.

for{i=0; i<m_nRow: i++)
m_pdblElement[i] = new double [w_nColumn];

forfi=0; izm_nRow: i++)for(i=0; j=m_nColumn; j++)
m_pdblElement[i1[i]=element:

SICMatris:: ~CHatrixd )

{

farfint i=0: i<m_nRow: i++)
delete [] m_pdblElement[il:
delete [] m_pdblElement:
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d Code Composer Studio 5.3.0
- Compile Option(Optimization Level) : 1~3

& CCS Debug - KetiFCW_v2/KetiMatrix.cpp - Code Composer Studio

File Edit “iew Project Tools FRun  Scripts Window Help
0~ jgls-llEne-Doe-| -
[7 Project Explarer 52 = & ¥ = O % Debug E@] i CIEN=ER-AE AL R

= [ Ketitatriz, cpp ||| EM% EVMCE?S, coxml [Code Composer Studio - Device Debugging] -
ol KetiMatriz,h - Texas Instruments *D3100v2 USE Emulator _0ACE74X_0 (Suspended - SW Breakpoint)

Math. b main() at main,c:9 0=008058C0

EFRISILOM H = c_int0(} at boot,c:87 0x0080573C (the entry point was reached) =
NINF Elg® Tewas Insturnents ¥DS100v2 USE Erolator_/CofexAs (Suspended) -
PINF : : : : —] T =
CMatris: CMatris () 2/ dmBlx_vl,corml % EYMCEMB,cozml 1% DMB148,co=ml |z DMB148,crnd ‘ || hello,c |@ main,c |@ KetiCare h |@ KetiTypes_c.h ||E KetiMatriz, h [@ KetiMatriz,cpp 53 | 7z C

Chatriz:Chatrixding, int) ;I
ChatrixiiCMatrixtint, int, double)
CMatrix::Chatrix{const Chatrixdd
ChatrixiiCMatrix(const doubles)
Chlatriz:
Chdatrini:
CMatriz::Clear() © void
ChatrixiiCofactar(int, int)  double
Chatrix:Createdint, int) @ void
ChatrixiiCreatedint, int, double) @y
- @ CMatriz::Determinent() : double

- @ CMatrixiGE(int, int) @ double

- g CMatriziGetColurnn() @ int

- @ CMatrix:GetElementiint, int) : doul
o @ CMatrizGetRow) @ int

@ CMatrixinverse() | ChMatrix

- g CMatriz:Minor(int, int) : double
@ Chatrixioperatar -{const CMatrizé
.. @ CMalriz:operator -{const double)
@ CMatriz:ioperatar I=(const Chatrix
- @ CMatriz:ioperator “{const double)
@ CMatriz:ioperatar (int, int) : doub
@ CMatriz:operator (i{int, int, double

for(int i=8; i< m_nRow; i++)
delete [] m_pdblElement[i];

delete [] m_pdblElement;

m_nRow=8;

m_nColumn=a;

}

double CMatrix::GetElement(int row, int column) const { return m_pdblElement[row-1][coclumn-1]; }
double CMatrix::GE(int row, int column) const { return m_pdblElement[row-1][column-1]; }
double (Matrix::operator()(int row, int column) const { return m_pdblElement[row-1][column-1]; }

soqon00000 0NN

double (Matrix::SetElement(int row, int column, double element) { m_pdblElement[row-1][cclumn-1]=element; return m_pdblElement[row-1][column-1]; }
double (Matrix::SE(int row, int column, double element) { m_pdblElement[row-1][column-1]=element; return m_pdblElement[row-1][column-1]; }
double (Matrix::operator()(int row, int column, double element) { m_pdblElement[row-1][cclumn-1]=element; return m_pdblElement[row-1][column-1]; }

int CMatrix::GetRow() const { return m_nRow; }
int (Matrix::GetColumn() const { retwrn m_nColumn; }

fatrix (Matrix::Transpose() const

3o
41
5 (Matrix temp;

tamn Crsatalm nlCaluma  m mBowd -

Properties for KetiFC'W_v2 ) [m] |

- & CMatrix:ioperator ={const Chatrize ItS"l:'E filter text Opﬂmimion ) T v
- @ CMatriz:ioperator +{const CMatrizé
- ¢ CMatrizioperator +(const double) | [+ Resource
@ CMatrix:operator ={const CMatrixé ! . General
@ Chdatriziioperator =(const doubled: . . . . T n 0
& CMatisoperator =(vonst double+) || 4 =1~ Build Configuration: |Debug [ Active ] x| Manage Configurations,,, |
@ Chatrixioperatar ==(const CMatris 1 E| ZE000 Cnmpiler
ix::Pseudolnversel) | CMatri i . Pracessor ODﬁDI’IS

Dptimization

-Debug Options A __ ~ -
Include Options Cptimization level (——opt_level. -0) E =

-Performance Advisar Cptimize for code size (—-opt_for_space, -ms) | :‘

~Advanced Options
CE000 Linker

.. Debug

- Task Tags

i 1SE(int, int, double} : douk H

T PRRTL o PN L ed PR T P Y S P Y | i H

< i > 1
%) Target Configurations 532 =0 :

0 AR
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