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Abstract

Intelligent driver assistance systems could help drivers perceive the surrounding environment
that will enhance driving safety and convenience. The proposed solution includes hardware platform
design, board support package development, algorithm development, and system integration. Besides,
the platform could support multiple heterogeneous sensors, eight channels of standard definition (SD)
video analogy input, three-channel full HD resolution (Full-HD) digital video input, digital and
analog video input, two sets of controller area network (CAN), and etc. With R-Car M2 vehicle
regular SoC, the lane departure warning system (LDWS), forward collision warning system (FCWS),
blind-spot warning system (BSWS) with four-channel driving record (4Chs DVR) functions are
successfully developed. Under various roads and weather conditions, verification result shows the
highly integrated system could achieve 90% accuracy rate in the average. As simultaneously
enabling the four functions, system performance achieve 25fps (Frame Per Second) with 720x480
resolution videos. This system advantages high detection accuracy, high stability characteristics and
low memory requirements that is suitable for automotive embedded application. And, we are

continuously field try to adapt more and more condition.

F8 #2 58 (Key Words)
BER®B LR A#H (Lane Departure Warming System ; LDWS)
Bl 73 fili & & 7R % #t (Forward Collision Warming System ; FCWS)

B 28R Z R £ # (Blind Spot Warming System ; BSWS)
U 3% %8 17 B8 4C #% &% (Four Channels Digital Video Recorder ; 4Chs DVR)

44 wm |ICT Journal u



RBEWNBESRAAZHRBEERETEA
B ARAREWEAEREREBERRETESR
ZHEBR AMEASENINNRBSTUNEEH

ZEAEBB/EN(] EE2TEHDRAEH
FREXBEBSMELER HREDVEZZ K
WZ4  MEBBERARKNESE  EWPIRET

BEREBHZEHEIEENNERERE -
ERFENEINSXRNZENEREZ
WERSE EE82—RNEFRTANHESE
THEPREENNMMGEEOME  EEEA
RBEF/AHAIMBREA L  BEHRFBEZINE -

—MRRR  FERAFEVHERBRENRIE
£ EETJHH,%WEE’\\H FEBARAE - BIER

GCETEANEEIEREER LLBIHNER R
Mo U EERTERNARAE - BEREEE
RARNBERNENE HEBAEBEE  oHH
ﬁ%#% RzEEERBHEHEBHRANE B
SYEARETEHEENNEG  HYHEERMAE
ZEMEHY NEUESRLEHEENER - #
MEKEEMENEMARE  LTMEXLEE
AMENS —E BB AIE A S EE R
MERMELSEREP[2-4] -

EBERAZABRABAENRSEAE
O BARBZZOEH SR T Cortex A15[5]
3 Cortex AS7[6] At S ERBEWNERITEHE
MERNRBEBRERFE  BARKRERAHEDT
o HEEHREZRUEBE  HRNIERZR
AREE - HUNBERAX  SEmEASHE 5
BEREEUHSEEY  RILZWESETEH
BB ERERARBE Y — -

HERAEGHBAGAEETZIAENEE -
FERNRAHSE - ﬁﬁ§%#E%~ME\
BE  WMAERESSE ZIBHEINITER
ENELEFFNNEER  CBRHESSHY
2 - ERNEAARTTEEEZSERE KRR
ofTH2ZTF EZEEN—ERENFER -
MBEME  RABZARRSOESE o mil=E
BREAZZENHEBEANIEHEFTEER
g o

AXFRENZFKEERFERET - F

il

<~

ERMZEEG  RABRINT - BEEEH

AHEBEEEL ZHAEEEEGNIMEEE
HHPEAR ARG E2EERBERAM
(LDWS)[7-8] ~ Al 75 B 4l & & /R % #& (FCWS)
[9-10] - EBBEHERAMAKBSWS)[11]EYEE
TTEAIEIR(AChs DVR) - R T I UIEB KR 24

$
3
i

\|

H
\
|

M A ANERARBANEERMBERES
MEN  EREYUZEBAZRBRAUERE

BHZEER  ERFNVLENHEBRIUESR
BomEE  TollEINERSRESHNI
pE - ZEBEBARATUMURVEBEREERAENESE®
HME ZESIREGRBRN ZEZEEARA
SRAMEEREEK -

2.1 BERBETRASR
HERBETRZMESE "HEKEN, #A

"EEREEN., MERNS  EEHERKENAS

H HRAREIZBIEEREBENEGEER -

BIMEERES  BEEAPEXKNSEMEL

BALMBRENEER - RILZH - KR
CEERNEYT FEFEELZIREENE
B MMEREER  ZSIBEREHAERER
BEL HREZIRHKESAEZEEBEREERIAEZ
FEER FUERNEBEEREZSK  FE—
EFERENER  BLREJENEERE
HoRREFERA MERERBRERASTE -
FEINEESEMNEL  THEAHHGEWZE
aRE  Htasm@EHRAIANRERERBBEE
BERENEN BERIE AXBTHEL -
BREEABENEERBERZS  EHES

TREFEDE L WER  HMAREENEE
MENESE  JURALSEEENES

meoER NEEEINEERBENZE - A
FEOWMEEEEMNEL  EH—KEEREDY
DA HEWZEE RS  AEEAXANATARE

WHMNEB—FR - HEEZEAREDR  5ELHR
ARBET "'REL, FE2IANTR - BE
BoRETERE  RELZS "EGIOINENLE
RIUKR "BEIN, Tl TEERKREER
A Zéﬁ%rEHﬁEJMHfﬁﬁi@
EERE  EMIo2TSEIEINEHE  ER "IF

B SBhELEE 45


https://ictjournal.itri.org.tw/Content/Subscribe/subscribe.aspx?MmmID=654304432614640236

BEREH N BEREERE L AOLF
EEENT "HERKAE SR REEBH
EEEERNAE W "EERBET .
RINEE - MITERMNE AR -

l—‘ Input Image ‘
J

1
Image
Segmer?tation ‘Road Line Region Detection ‘
I

!
‘ Road Candidate Determination ‘

l

‘ Road Line Determination ‘

l

‘ Lane Departure Warning ‘

1 LDWS Algorithm Flow Chart

A

2 LDWS Detection Result

2.2 BRI ERZH
RRLZZTEBERZERNELRTR - L
HEERRE LB L B2 HERBEUMRRE
T THEBEHNSEHETHEZER - TN
AXFRENRNEHHEEZRZ2KL  BEESHE
RO EWMERNSEWMERMIOARKEIZLER
AEE - BB EERAZARERES "HISE
WER L DIK TEBETE L MAE S - BAIK
AIADEMRAMED  BRFZHEZEA "=
EEY . KEFERE BEEFESZIN
EXBRNTE ZRRALEEBERAREND
B R TERRE - ER..FEXRE[EE
ARZHEAZEN "TREE, BREMNRFEHE -
HANERBESREFHOMAR  BE2EEHAR
BE - AERIL - AXRABEERREALNRR
MREBREZAHTEMRAESE L HEH
SobelBM=FIN SR T EWWKF - EEEZ -
WHEBBEINK " KFEZ , BELEK -

46 ICT Journal

FkFiEZ, ZREZENEE  AR/IULUER
ZHRETRERS  AIATEWMUER " KFE
Za Bl R BIEREE  TFERE..
wm - ERESSPINUBELHRE - LIFEEWHN
KEEZ  RArEemA  HMILUERIFR
{E(Labeling) ~ # A {5 8l (Corner Detection) ~ Al
B 3 #7 (Texture Analysis)SE 755 18 Bl /5 B2 8 2
BEORALR  ZEBEZWNAHEHERNZ
e MABED»WEESENEL  JUER
—REEBHE LN HFEH  KNESEENNT
MEBWNB=Fr/R MATERONE PR -

Input Image

|
¢ v

ROl Area Mml Filter |

Orientation Gradient
Calculation

]

Corner Detection Local Binary Pattern

DecisionTree

Qutputimage

3 FCWS Algorithm Flow Chart

& 4

FCWS Detection Result

EEEFESH BHREZREBE—FR
REE - FTUBIAERERBESE AR T
B ALEAXZEEEHEENAN - RELEWNR



TR =GR BUHRESHARNANES
e RBEEXAXBERETER  ZBRERES
AT WIRBEHRSARERIIBEEEZEHN
E16217 - I0ARHEEFE1371T - 1I5SAREE
EF12617T 200REFE 12317 - EHERER
HEgREENHEELYHER  ETEBRA
BHRFEENR  BIRAERNARXBRELHAIE
B NEEEEREEHENS L HEREZEH
SREZmEENmEN Bt EeRAEERY
HEFOVVAREMEBMNE T0ERFHEH
HoE  EEREBENRIOARK  HRZE=E1D
EARBMWESHEBENRN  EIEER TR/
RHEHBRERGHE/ -

2.3 BRMBEAERERSR

BEWMESETRIPEEEREE  BERA
ZAEBREEAMANERE BWEERLEHBRE
HNTAZERR  TEEMEE - RMERR
EEREBLNERN ZEMNEELNRE -B
BRI AXRB-—EJBEHEINEZAMAUE
HDEWMNETRAL BRZZRALVEAEHBHA
RBMEFTERENEZENF FAUEHBERRK

EEARMNESE - AXFIRENERHEAR
ERAMEBEELITEARIEKRE D - WEAFR
N BRBREERERFGERSBEER
B UBEETNREEBENTARBENCAM
MESTWER EXARLDEWREIESEZX -
EHERRBEREERAEERFEH MERB
EUBEBRERTEBEHE -

BRABEERE —BAAEENR &M AH E
wiE M ZEENREE  WEANFAR - X
FzEEER  EBENIS%RETEEFHE
e EFZREINREFHESKRMAEER -
AIBRZERBRESER RZEZEFHERE
RAEAEGEER ABEERRESS -EHE -
BEEREFEETFNEEEE  MEOWEEHN
BEER FAUREGHARBKRANES - AW
BEEFLOELREBR L - FIMERIER
BEEZE  BEAVALCERLEERAR
H EEAXEEER2IGPHNEERENER
85 EHEWLKRNERUUBHSER
WEEHeES EMEELREPFRAEERF -

Xl

(8 -y

I

‘ Input Image |

t
‘ Image Downsample ‘

+
‘ Highpass Filter ‘

d .
Day — T Might
geee=x_ Choose day or night ==
——— Feature Detection I —

(; LVehicIe Shadow gresesmseons »  Headlights J :_)
e - Yes ! R — o

.-’/" ‘H“"‘--H‘
“ iy No
— Shadow not moving .

“~.__and not warning_—"
an bt

- Warning ll...

~— o

5  BSWS Algorithm Flow Chart

B

6 BSWSH®BH EE

7 BSWSEHEEENER

HREFNXEERSLEBERE - FFRE
EZETEEMNEBEEMNXEE - WE XA
R FARRE —E=BBNREMA R E KE
BERERE - —M&MS 1AM ERXEEIR
B Pl M REKEEER1280G R - DU
RREER BERAFFEEEGRIRNE B
THREEGENGEE U EBEEISEFS
B HAREEERENOXKEESERBEEISEF
HE FUEBEEEINERXEEERER
SEFHER MOUABSERER ®&E -
BHREEZEEEIEANEEFEE  RMERE
ML ARRMEARAENIRSE  ANEEGER

5] F


https://ictjournal.itri.org.tw/Content/Subscribe/subscribe.aspx?MmmID=654304432614640236

SRABEEAR NIMEERRAESE - B1Y
REERECRER, M NELHAR ABEBESD
BREREAIER -

2.4 INREHNTEACHER

GStreamere AR Bl R 32 B A EZS
EEE*MA%&%D*&?@E&IL%&
HEBEA BETEEMNEENAEAT 5—EE
TD(Element)E ,—r\J:H‘j'EﬂETﬁ}\TD# TEREZR P

SE| /3 B — & B 4R (Pipeline) - FEBE R
IﬁEEblLﬂgiﬁlﬁﬁ ’ Eﬂ%ﬂﬁlmﬂfi - BipZ
BEoI#EZEERN - MAKIREEE(Source Pad)d
B R (Sink Pad)ZEE T @ A& L IKO -
FE B (Pad) T BESI R MEE TS —H - &
& 2 &8 A @ Bl FR & - P DL B R 4% 89 22 5 PR
TEHENRE RARSHETNRAEEERT
—B . BEFBne—HETHES MEKS
—EBRENEF AMaFLofis—EE
T BMEFRYMUNERNSMBEE TN E
M HEGBEANETHNERSH  SE50E
E7HREANEE ERKE—EBEEBENE
F OUREREREEFEXENT  HRAFTZ
B —EBURERNATEW -

GStreamer Media Display
Gst-plugins-500d Ggt.plugins-base Gst-plugins-good controller app app
| vAlZsre videoconvert | VAl2sink |
L i

¥

Kemel E‘”g

media-cl
]

(modetest)
User 1

Y 9
| Va2 feo|  meda  [ed| DRUKNS |
f

[ '

V“;J ‘JS“PD

8 Encoding by Gstreamer

k|

[ov ]

ANFIAEFaemEEH®RE  HEMA
GStreamerfEZR W B 2 S H.2644F 2538 - H ol
# B Linux Kernel VINSL EV4L2ERBH - 5%
BEWRBNSHERBERERN  REBETESAE
R B - MBEJ\FAR - 28 - FZHWHEERE
A HaABENERAULFRAERMZE E
It M ZBREEARXAESIEABETER
RERPEZEEEN  -WERZIEEBRIEG A

48 ICT Journal

(appsrc) A FE # 212 @ & (appsink) W T - H L
RO ZEELETHEALRERPRENEE -
ﬁDJitETTLXH—JIEIEﬁE’HEnﬂ R 1 A — fE I
HEE BEAZERPEE - /7]'\@3_3:%,.\7?
ETHBERGERSAEBEREENSEE - D
METEEBESNEEETEHHRANEESE)
B ERHBEHBENENWUNAT -

static void _need _data (GstElement * appsrc, guint
unused_size, gpointer user_data)

{

GstBuffer * buffer input;

guint _size;

GstFlowReturn ret;

unsigned char * app_input;

_size = constants;

_app_input = malloc(_size);

_buffer_input = gst_buffer new();

gst_buffer_ insert memory(_buffer_input, -1,
gst memory_new_wrapped (O, app_input, _size,

0, size, _app_input, g _free));
g signal emit by name (_appsre,
_buffer_input, &ret);

gst buffer unref(_buffer input);

"push-buffer",

free(_app_input);

}

static ~ GstFlowReturn _new_sample (GstElement
* appsink, gpointer user_data)
{

GstMapInfo map;

GstBuffer *_buffer_output;
GstSample * sample = NULL;
unsigned char * app_ ouput;
int _size;

GstFlowReturn ret;

_size = constants;

_app_ouput = malloc(_size);

g signal emit by name  (_appsink, "pull-sample",
& _sample);

if (display_sample)

{

_buffer output = gst sample get buffer (_sample);
gst_buffer map
GST_MAP_READ);

memecpy(_app_ouput,

(_buffer output, & map,

_map.data, size);
gst _buffer unmap (_buffer output,& map);
gst_sample unref (_sample);

}

free(_app_output);

return GST_FLOW_OK;

}
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Sequence Type Accurate Rate
Day 96%
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Rainy 99%
Night 99%
Backlight 95%
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Sequence Type Accurate Rate
Day 94%
Cloudy 98%
Shadow 91%
Rainy 92%
Night 94%
Backlight 93%
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Sequence Type Accurate Rate
Afternoon City 100%
Afternoon Outskirt 100%
Night City 90%
Night Outskirt 96%
Nightfall Outskirt 98%
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