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(th AHdst i 71e) e

@ BM Target FCW/LDW 83 2 7134% AEBS 9% A% 7199 i3}

b LDWS/FCWSE &= t@w 2o A&

& LDWS/FCWS 7]5€ Meter cluster Display &

& NAER B357=S AT AZ75(DVR) 3@

& 482t AF(AEBS) QAlstE A= AT A AF Al2d F4ks)

2 Mg AF U H=2Yx 2
b AN RE L dagFo]l BAE FEAE UFAT AlLE dEst
3 ANRAYL A% BAA ALdAF AFAYA], dA AF F)
B IR A : e SEER 34 4Y wAE 27
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- Sdd= EE R
+ Black Box RE(USS7|&HQ
= Meter Cluster HE 2 E
HE N2d ARE 9Is YEAE FCW, LDW, 42X E ATLSH NAS 9l
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(M7= AL&AF ]
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@ 27t AL W (F)m2d

F713te] Meter clusterlell 7]s& A& olstal FA o Ao EA e AWF
FHE 5371 % 8t3, AW FE A (Function A 9)) BrakeE Ao & F J=F 74
st= Vo= 4 BAA Ve S AFAAYG UF dFs= 7S 57 4442
FCWS
Hulz= = H 5 )| Al
System On/Off
LDWS
A0 2B A AT
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Vehicle CAN Data
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(1) gAEHE FANE(FHART AREARIA A AL SRR +5)
Az} AJEF FoAFUE H| 31
nHDE LS FHdlEt -8 on|A] Z2 A4 637 P
7% B4 (&neZ A fe Fage
n Fhegt G olm|x] B4 &
%—(ﬂ_ LDWS/FCWS oE]._]—ia l°§’e}‘1ﬂ7]€ ili}éﬁ] / Artwork Z}ﬁ 73777 Page
= Fhar mAAE Ve T2 Y 2y 78 Page( L)
- PCB 32 A4 n7| 7 AA 2 AFY 2D/3D A 7882 Page
AdE ]
- 7174A 2 AEd AR mDebugging 24(PCB, S/W I/F) 83 Page
- S/W NAEB All27 A 84 Page
- AEB System &4
v nIDVI ANE D Aol N 9EEE 4 A5
Data ¢ ¥4 &4
m o7k A JRA LdElE N mokZk 94 DB HE 2 ¥ E A de]E 85790 Page
mL.DWS/FCWS +®7]7]¢} I/F /e 91 Page
mL.DWS/FCWS 32 AA 92 Page( F)
» LDWS/FCWSE o] &8 A /FCWS 5 Eﬂ ] e
= P
S8l VR A mL.DWS/FCWS PCB A& A=z 92 Page(T)
mL.DWS/FCWS ECU I/F 3|2 A4 93 Page( L)
- Meter cluster I DWS/FCWS 32 cm7 e
[ ] AR, 93794 Page
- LDWS/FCWS A& 34 A o
mLDWS/FCWS ECU PCB A= A%t 9% Page
22Pd % A
mL.DWS/FCWS A28 4 A7 9 Page( )
- Brake #lo] &gl /g )
7] 7 74l 3D Modeling 9 Page(T)
L oAlo] AlzEl s
o bl 7] e #AA 2D Modeling 97 Page( |)
- LDWS/FCWS AEB 7te
& m7| T N A4 B A 97 Page(T)
AF System .
mLDWS/FCWS ¥4 74(2D/3D) 98 Page
BLDWS/FCWS Al&8 A=+ 99 Page
B Test B AAHASEA AEAT
n 7 B Ao thet E3HEA mDST-D026 739 wE AFHA Test (“D'AFS]  TEST
A
3AE | - A% HaE 9 A4S B wdA S24H 27 (Function Test) o
- AEB I/F nZt AE Il 753 5 AA -
- Marketing A ¥4 msd 29 2 52 -
mAA 3 #H7 2 ggEa / vrd A% -




(2) W @Al uhE AL

713k A FodTEE Al FEFZ U8
HDE 3N ES 7t A8 ol Z2 A4 7]& 4
LDWS/FCWS &a1g] |- oko] Z7e 7Z3% A& Md dags A
&= M - JlEold s B4 € HE
- Function A8
- GAAE 7 I 2AEA / Artwork F
N - Debugging 24 (PCB, S/W I/F)
PCB 312 47 - LDWS/FCWS Flow Chart 2H4d
- AEB Ao 23 AvEe +4
S8 AF WX
e AW AL 2 71T A
7174A 2 A= Al|- 3D Modeling Al
2} - 2D &9 Az
- Mock up 24
- A=d A
dueFE £4 2 T2 24
S/W 7t - G4AE Ve BN 2 Z2ad g
A T2 /\]ﬁ 9 73 TEST &Y
- HMI AAE 2 Fhdgto A Qe== 213
1<+4] | AEB System #4] A% Data 42 2 4
('17.04™'1 - AEB Al 23 AyEe =g
9.12) - I/F Function 49|, [/F 3247
LDWOTCWS IF €01 poB Artwork & SWT 212
ntrol Board Az CawgE W AW Zead
- Meter cluster CAN DATA TFT LCD Display @ &% 45
- LDWS At o2 ZE &¢ % Display
Meter cluster - FCWS 27k Azl 5 4R &3 2 Display
- LDWS/FCWS CAN Data Function &
- Design Ul 24 A&
o BEAEA RS A 2"
IOWSRIS T - An a9y A o1s 39l
°° c° AEAH =3 715 32 HF
- Brake Al &als 2 Ao Ajx8 s
LDWS/FCWS ¢} AE |- LDWS/FCWS-ESC CAN Data $4171€ 7%
B 7te] 4% System |- A& Alo] H3 Signal Data &<l
- ECS 25 e 2l
- 3D Modeling A
I/F Control Board Mo|- 2D &% A2}
dule Case A%+ - Mock up &g
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h 1A= A FWY
O LDWS/FCWS A ZHE A2+

@b Sample T 2 Function A ¢

m LDWS/FCWS 71 744 2 o] Z2 A4 27

* Main Hardware 743& 913 4% & HE

& LDWS/FCWS Control Board #| %}
m

LDWS 7}¥lg} Hardware 74& 3 23 55 HE
m Main Hardware 3277
m LDWS 7hHe} 3244

H =S| MOVON [UHEH(I) OEME(II) =
25 (°0) -20 ~ 70 -20 ~ 70 -40 ~ 105
Type Industrial Industrial Automotive
CAMERA AL2F | Zeeann{1/3") WDR Sensor PIXEL PLUS PO3100K 1M PIXEL PLUS PO3100K 1M
Sfjat= 349 34 (720*480P) 1M &4 (1280*720P) 1M F}4 (1280+720P) Al AR AL
x| = = 15FPS (of &) 30FPS 30FPS
ds = (gl&h & o
Ad MY ¥ B5 Moz 2t EHAy/ENEH B 5 bs sl /EE A P2E THs
MAKER ALLWINNER ALLWINNER QUALCOMM
ARM Core Cortex-A7 Cortex-A7 Cortex-A9
Clock Core 912MHz Core 1.2GHz 1G LOWS, FCWS
Memory DDR3 2Gbx2 DDR3 2Gbx2 DDR3 4Gbx2 ItEE=
Nand Flash SLC/MLC NAND 2Gb SPI NAND/NOR Flash 2Gb | SPI/NAND/NOR Flash 4Gb
Video Input Parallel Parallel/MIPI(F-HD) Parallel/MIPI(F-HD)
e Host : HS(480Mbps) Host: HS(480Mbps) OGT 17§
Device : HS (480Mbps) Single 1080p@60fps Single 1080p@30fps Quutsts
DUAL 1080P@30FPS
Video Encode 720P@60FPS Dual 1080p@30FPS 720@30FPS
[ H/W & 3 Spec HE]

DDR3  sesronsmanrsss

CAMERA MIPI

[Main Hardware 3 & A %]

[LDWS Zdet 3|2 HAXE]




m LDWS/FCWS 32 44 2 4% A%
* LDWS Main Hardware 4% HE-& AZ A2 % Debugging
* 712 AE 9 Display PCB A%
* Display / Camera PCB Artwork

[Display PCB A 2] [LDWS 7td et 32 HAAE]

m Control Board 17} 32 7|4
c oAk g s S 93 Application Processor 74 2 7% 37}
: ALLWINNER C3 — NEXEL NXP4330
* ARM7 : SINGLE CORE — QUAD CORE
*DDR3 : 1GB — 2GB
* WIFI 75 7}
*SD W=z F7}
* EMMC(8GB) A€
* CAN 2PORT A&
m Control Board 23} 3247

PDR3  Sasaefofaes e

[Control Board 2%} 3] 24 A|] [Camera 2% 3] 24 A]




* NXP4330 BASE 3|24 7]

* MEMORY DDR3 2GB A&

* EMMC 8GB #¢

* UART 2PORT A&

* CAM 1PORT(HD) - SERDES TYPE
* USB OTGI1 / HOST1

*GPS 1PORT / SW IN 5

* CAN 2PORT / LED OUT

* WIFI 2.4G

* 4.3 Inch LCD

* POWER DCI12V™32V

* Serdes 72} g2t AE F tHA

m 27 ARF AFE AR
* PCB ARTWORK
*BARE PCB A|# 9 #F i
A A E AN HE

* LDWS/FCWS 72t A& HA3 A8

ADAS MAIN ASS'Y

[LDWS/FCWS Display & Camera #|%}]



m 23 AE HE 92 33 AE

* PCB ARTWORK

*BARE PCB A% 9
A AR G HE
* LDWS/FCWS 7}elel 4& 24
* 7t gk} MAIN Board?l Qe o]~

* LDWS/FCWS % A2k

=i

A=)
-

AAFE

AAHZF)

F 7

Main 21 E & board

g = =N TEANY
2t2 022 DDR3 DDR3 &l 52t
ele ol g oA ma WA

=
ra
3
ra
[0
ra
{0
I
n

o

ADAS MAN BOTTOM <4
ADAS MAN ASSY

ADAS 32t 43

©h
T
|

[l HH3t HE R 4]

LDWS/FCWS 7|74 A1(2D/3D)
717 A4 HE
WAk AE e 2 ARG

HE

[HF AAZE AF

e us vl = s Ul
MDAS-3LF MDAS-20 OEM Roadscope? OPTIAN OEM
=] Q =5l
Im" )
. ";’1
Are - Arer
E:™YA 1Ch 1280X800 Elxlﬂlé
ZHoil 2f 125x94x40 mm BIIIII 2} 76x103x50 my
= ENSTAANSAE 72 D RESNNBOAIE Ac=
;,;;' S0 NS @ 5 arx - - sol | T AISHIHESS - s
*ME 7ol 83 e = R ]
=S| P S 1 =S|
[MA} Sample ¥4 A} Sample #4
R s | Arer us bl
- 1-ZAAC IF620AD SEASONIT 1-ZAAC IF520LD SEASONIT
2 A= IS N AYo2 IISTE A RTAVAATC AE ASE [HNO= 50| 20| BASH AYo=AS T
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* TOP COVER 27 #7
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2w ax N s
NO =2 Al2E HlD
1 FRONT COVER ABS 1 FRONTCOVER ABS
2 REAR COVER ABS 2 REAR COVER ABS
3 BRACKET 1 ABS 3 NOB ABS
4 BRACKET2 ABS a
5 HANDELNOB ABS 5
B CABLE MOLDING PVC 6
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n
=

[LDWS/FCWS HF 7|72 4 (24)] [LDWS/FCWS HF A& 5411

€ LDWS/FCWS & 1e&
m [DWS/FCWS iz 24

#pragma once

#include “stdafx.h”

#include "Ctracker. h”

size_t CTracl::MNextTrackID=0:

CTraclk: ' CTrack(Point2f pt. float di, float Accel noise_mag)
{rack_id=lextTraclID:

MextTraclID++/ /"

Every tracl: hawve itz own Kalinan filter s/

it uzer for next point position prediction.

KF = new THKalmanFilter(pt,dt, Accel_noize_magh /.~

Here ctored points coordinates, used for next position prediction.

prediction=pt: skipped_frames=0:

size width-gcize height=0:3//

CTraclk: (~CTracl (3 /7 Free resources delete IKF:}

CTracker: CTracker(float —dt, float _Accel _noise_masg. double _dist_thres. int

—_maximum _allowed_zlkipped_frames.int _max_trace_length)

idi=_diiAccel noise_mag=_~Accel_noise_maadizst_thres=_dist_thresimaximum _allowed_
skipped_frames=_maximum _allowed_skipped_frames:

max_trace_length=_max_ trace_length:}

void CTracker ‘Update(vector<PeointZd>8& detecdonsiy s If there iz neo wracks wvet,
then every point besgins its own twaclk. /.~

if(traclzs size(==0)

If no traclks yet

for(int i=Oi<detectionsz size(}):ii++)

{CTrack= tr=new CTraclidetectionszsil.dt.Accel noise_mag

tracks.puzh_bacl(ir):}

int MNM=tracls size():

int M-detections.zize()

wvector< wvector<doublse> > Cost(livector<double>(MI):

vector<int> assignment: double dist:

for(int i—-O:i<tracks. size()i++)

i// Point2d prediction=traclksl[il->prediction:

[LDWS/FCWS &ae]&(dFHE 717)]
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[AA 58%]

h 4

Input video

|

ROI segmentation

!

Convert image

l

Noise reduction

|

Edge detection

|

Hough Transform

I

Convert
gray scale

Gaussian
filter

Canny
filter

Display with
right and left
marking

Yes

Buzz the alarm
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@ ECU 3244

@b ECU 3244 % Function 3¢
B LDWS/FCWS¢ ESC Function A ¢

Message Signal Description 25

LF_1 Belt 75 838 Mz Seat Belt actuation
uF_2 HISHION 23 flag Decel control
UF_3 HBA MIi B3 LDWS/FCWS MIOIAI PBA ZI2 s 2E

LOWS/FCWS LF_4 Pre fill MO (Aeb] Pre—fill control
LF_5 LDWS/FCWS status HIO mode 2F
UF_B Warning level Collision warning level [1,2.3]
uF_7 M= HOE (ex:1g] Decel control
ESC_1 ESC Status flag ESC NS JH 72

ESC ESC_2. 3. 4. 5 WHL_SPD_FL. _FR, _RL _RR At wheel speed

ESC_6 Brake SZi flag ST brake =E Moy

m ECU Spec &4

[LDWS/FCWS, ESC Function]

ltems Items. Specification(Draft) Remark
Central processor ARM Cortex —A9 Quad Core, ~1.4GHz Nexell
DDR3 16Gbit =]
Memory
eMMC FLASH 16Gbit =]
Display HDMI 2z
ECU
Specification | ZHHIEE Biat= 1280x720p 21%% (SEDES)
GPS 2= GPS dEs
Vehicle Interface CAN 3ch

Storage/Firmware Update

uSD card (~64G)

Firmware Update

Operating Temperature Range

-20 ~ 70°C

Operating Voltage Rage

12V to 24V

m ECU PINMAP # ¢

[ECU Spec]

[ECU PINMAP #A9]]

No. X2 Signal Name No. X1 Signal Name
1 PCW_SL_IWv 1 GMND
2 PCW_SL_OW 2 =
El PCW_SL_GMND El us
= PCW_SR_IV = ~NC
E WSS_SL- E ASR_SW
5 PCW_SR_GMND 5 ~NC
Ed PCW_SR_OW Ed AEB_CANT_LOWW
Y WSS _SL- Y AEB_CAMNT_HIGH
£l PCW_DR_GMND £l ~NC
10 POW_DR_INW 10 WSS_DR-
11 WSS_SR~ 11 WSS_DR-
1z PCW_DL_GMND 1z WIL_GMND
13 POW_DR_OW 13 uB
1 WWSS_SR- 1 RET
15 WSS DL~ 15 WL_DIAG
e PCW_DL_IW
T FOW_DL=OW
15 WSS_DL-




@ ECU Board A%+
m ECU Block Diagram 2Hd
m ECU Board #1#+

HE ECU PCB SER

I Signal. Lamps

|
:

e UB(BATT)

r

[ECU Block Diagram]
@ 2= ANE

m LDWS/FCWS 7|5 TEST

* &9 718 A AHME S5k TEST &4

18 —

[ECU Board]
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& LDWS/FCWS 13} 7]+ 70k A4l 3D A%

PART LIST

NO = A | HlX
1 FRONT COVER ABS At
2 LCD 5213 -
3 MAIN MODULE FR4 At
4 SCREW T1.7X6 -
5} CAMERA MODULE - At
6 SPEAKER - -
7 SCREW T1.7X6 -
8 REAR COVER ABS At
9 CABLE MOLD ABS At
10 SCREW M2X6

[PART LIST]

@& LDWS/FCWS 12} 7|7 72 7AAY 2D Ab<k

[
|
i
l

(12 717 7 2D Al




€ LDWS/FCWS 12t 717+ 7 24 = A=

(12 24 Z4]

@ LDWS/FCWS 22} 7|7 72 714) 3D Ab<k

m 2% A8 LCD7H A5 AF AR%S wEaA 2

“LCD Az AH4 A% B3 2 AWe e 2o

PART LIST
NO =3 Aty | H[Z
1 HE|0|Z - At
2 SCREW T2X8 -
3 REAR COVER ABS L+
4 SCREW T1.7X6 -
5 MAIN MODULE FR4 L+
6 CAMERA COVER TOP ABS L+
7 CAMERA MODULE - L+
8 SCREW T1.7X6 -
9 CAMERA COVER BOTTOM ABS L+
10 NUT M3 -
11 FRONT COVER ABS L+
12 0-RING - -
13 KNOB - -
14 FIX COVER ABS L+
15 SCREW T2X8 -

[22+ 14 717+ PART LIST]




& LDWS/FCWS 23} 7] 70k A4l 2D A%

= |
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¥ b B

[
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- Bl -
- 9 ¢ &u
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— | b S = - %‘ 5

22+ 719+ 2D AFY]

¢hb LDWS/FCWS 22t 719+ 7 24 = A=
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©p LDWS/FCWS 32} 7]+ 70 74 3D ARk
| |

32F AAE 2R ARG S AR AN AR

o)t Aolz Fu) B F4 BA

g s

| LED 7} A&22 A4 A4

PART LIST
NO =% AL H] 31
- 1 dHE o] X - AT
62\ 2 SCREW T2X8 -
3 REAR COVER ABS Al Tf
4 SCREW T1.7X6 -
5 MAIN MODULE FR4 A+t
6 CAMERA COVERTOP | ABS Al 5f
7 CAMERA MODULE - Al Tf
8 SCREW T1.7X6 -
9 | CAMERACOVERBOTTOM | ABS | Al
10 NUT M3 -
11 FRONT COVER ABS Al f
12 O-RING - -
13 KNOB - -
14 FIX COVER ABS Al f
15 SCREW T2X8 -
[32 A4 719+ PART LIST]
@ LDWS/FCWS 32} 7]+ 7 244 2D AFSF
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[32F 717 A =<]

@ LDWS/FCWS =3 3D A7
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& LDWS/FCWS ECU I/F 3|247

m LDWS/FCWS ECU IF 3247
* STM32F103 ®lolf A&
* CAN 2PORT
* UART 1PORT
* LIN 1PORT
* CAM Control
* FAFAYL 1 DC 8724V,
F 1 100mA(12V),
T -3078H%

[ECU 3] =4 A %]

@ LDWS/FCWS ECU IF FIRMWARE

[LDWS/FCWS ECU I/'F FIRMWARE]



@ LDWS/FCWS PCB Artwork

[PCB Artwork]

® LDWS/FCWS PCB Az

m LDWS/FCWS & w22 A%}
m LDWS/FCWS ECU IF wg wp2z A%
m SMT 2 A A=

[PCB AZ]



© LDWS/FCWS 13} 32 tju] 7

m IDWS Main H/W A% ZAE : MAIN SOC : NXP4330
m LDWS SERDES 7}Hgtel MAIN HE= =3
B [DWSE Jdg Y

EES [ RN

| Smma=wa |

(17 3= gmA 3 2 g2E]
© LDWS/FCWS 27} 3|2 47

m LDWS/FCWS H/W A7

$3E AAE B A R IR A2
‘38 FE 29 EE 7 AR
caT A AAg A

M AR A

JE
johy
fm

*LCD AA 2 obd=2a 34 &9 A
+ 27} 3|2 AA Spec

- Main SOC : NXP4330

- MEMORY : DDR3 - 1G

- EMMC : 8G

- UART : 1 PORT

- USB : 1IPORT

- VIDEO OUT : CVBS
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[LDWS/FCWS 22} 3|2 A ]
® LDWS/FCWS ECU I/F 22} 3|2 A7

m LDWS/FCWS ¢lg o]~ T4
c 32 74 H Heol AA
- "ol ¢ STM32F103
- CANI : A% AHE 49
- CAN2 : WARNING AR HolE
- K-LINE : OBD A= 4/&9
- UART : tJ¥Z 4 Alg&
- MCU : STM32F103
- 24 AF : 100mAMAX)

[ECU IF 23 3| =4dA %]
® LDWS/FCWS ECU I/F 22 ARTWORK

[LDWS/FCWS PCB & ECU IF PCB ARTWORK]



© LDWS/FCWS 22} PCB A=}

m LDWS/FCWS SMT A& Az
m LDWS/FCWS ECU I/F SMT A& A%
m ECU SYSTEM H/W CONNECTOR Az

LDWS/FCWS PCB & SMMT

22} PCB A3
@ LDWS/FCWS 23} 32 tj¥ 7

m LDWS/FCWS tjy 7

s AaH A 2 AR A
AYE / A5 94 dolH HASFECWS HES doH)
T3 9N HE

*THeE Y 7

A

m ECU QIHHo|2x & A% AE
* CAN 241 Analyzer H71& 913 & A7t

* %41 Firmware H2E



| HEN | A ZF el HAE

' B e e el e el e
e i i bl i b
il i i ol ol el et
e el e e e el et

Bl o o e e el o
e - o= v r =
ol sl el el el i i
e ] [ Lve o~ o [y
e —
o 'Y [ e [ it ™
il il el il st st
= =] [ e o L e
= o " = = i T
B i =u tas £ ET won
e bl il bl i il it
W ‘.u_ b ] -'\uuu = e
e il e il i i
i i L) L Lo e LA

[LDWS/FCWS 22} 3|2 tj#A]

(O LDWS/FCWS ECU System I/F 3|2 A4

m LDWS/FCWS ECU Al~¥ SlEjdo]x HA AR
* LDWS/FCWS 715
*ECU A 2%l 9% CAN 7%
* ZHA] A& K-LINE 7]%5
* MAIN MCU : NXP4330(F4 A g Z2AM 71%)
* SUB MCU : ST MICRO 328|E 32F103(x}% <lE#o]~ 9 23Aeh
*HDMI 34 &9
* A% SEPC
- TF AY 1273V
ZH]HF 1 MAX 500mA(DC 12V)
- A% /29 : 24V 3PORT / OPDREAN 1PORT
- 9]32-541 : UART, CAN, KLINE
- 718 W=Ze(93 16G), W& DDR 1G, EMMC 8G, NOR 2M
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(O LDWS/FCWS ECU PCB Artwork

[ECU PCB ARTWORK]




® LDWS/FCWS ECU SYSTEM A%

| HEn A3 | | LDWS/FCWSPCB & SMT |

| PCH ASSY | PCH ASSY
TOP BOT

[LDWS/FCWS ECU A% A&

© LDWS/FCWS ECU SYSTEM tj#7 =g

m LDWS/FCWS ECU A 2¢ ¢

e H o] 2 TiH A

A T3 FF HAE

*CAN 7% 371 2 o¥ A

« 24 24 KLINE 7]% HWA =

* MAIN MCU : 23 239]= 454
A 219l I3k H7KCAN SPEED §%)

* MAIN MCU : 2% Al1d d%
AE(TURN, BREAK, %)

[ECU SYSTEM o7 #<¢]
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™ LDWS/FCWS &1 &(

#ifndef LOW_MAIN_H_
#def ine LOW_MAIN_H_

#include
#include
#include
#include

"opencve/osency . hpp"
<vector>

“low_utils. h"
"lcw_param.h"
#include <ctime>
using namespace std;

using namespace cv;

typedef struct _taaDPLane{
cv! ‘Point pleft:
cv! ‘Point pRight;
cv! tPoint pToe;
}OPLane;

typedef struct _tagketi_Ldw {
DPLane lane_fixed;
DPLane lane_realtime;
int ldw_status; // -1:
int leftO_rightl;
cviiRect rleft, rRight;
Iet i _Ldw;

lane detection failed, 0: normal,

class ldw_core

{

public:
Idw_core(ldu_param _m_param) ;
~ldw_core();

[LDWS &Fara]&(

® Brake #°

asRsv

S
pr— .
oedeen

LATCHON

m &% AEB SYSTEM#9] ds<
* e £ T LDWS/FCWSE
T8

¢

o
=

oxl

A %

1

)]

A8 71

lane change

#i fndef FCW_MAIM_H_
#define FCW_MAIMN_H_

#include "opency2/opency. hpp”
#include "wehicle_tracking.h”
#include "fcw_param.h”
#include "Kalmanl1D.h"
#include =vector=

#include =ctime=

using namespace std:
using namespace cvi

tyvpedef struct _tagFcwVehiclelnfo {

cw!!Rect rvehicle;

float distance;

float ttcs

bool islnLane;
int tracking_id:
int tracking_count;
bool nearest:
}Fcwvehiclelnfo;

typedef struct _tagketi_Fcw {

std! !vector<FocwW¥ehiclelnfo= wehicle_info;

int dav_night:
cw!!Rect fcw_roi;
IKeti _Fcw;

class fcw_core
i
public:
fow_corel(fcw_param _m_params);

~fow_core();

Q)]
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MEMORANDUM OF UNDERSTANDING
(MOu)

(HYUNDAI AN PHU) CO., LTD. (called Party A) and (COSTECH) CO., LTD. (called Party B) hereby
acknowledgs friendly relationship and firmly believes in their contributing to exchange of all business
based upon mutual trust. Thus, the Parties enter into this memorandum of understanding (here in
after referred to as “MOU™) as follows:

Article 1 : Purpose

The memorandum of understanding is for the purpose of having cooperative relations for orders and
accomplishment of (COSTECH)'s products to HOCHIMINH through strategic business alliance for
two companies.

Article 2 : Field of Exchange and Collaboration

The exchange of business set forth in this MOU may include the following fields:
1. Exchange necessary information of the business.

2. Cooperate to launch the product into HOCHIMINH market

Article 3 :Be worth, Effectiveness, and Expiration

1. This MOU is worth with the total estimated value of USD 60,000 within the duration of 1 Year from
Sep

2. Thia MOU snail continue to be in force after elthor party confirm in writen every year.

3. This MOU may be amended by written agreement for the Partie:

. This oxpiration or termination of this MOU shafl not affect the effectiveness of any business that
was agreed on by the Parties and has been being performed under this MOU.

Inyvitness of the fact that an MOU has beon entered into between the Parties as above, (COSTECH)
CO., LTD. and (H' Al AN PHU) CO., hias exscuted this MOU by affixing their respective
arries amd bl tharenpon, nd o ks ooe o

arty A and (o) Party B can Bopaint the thira. marty 1o support for sasy import/export procedure it
need.

Date: 2019. 09. 26.

For or on bohalf of
Party A

For or on behajf of
Party B

COSTECH co., LTD.

MEMORANDUM OF UNDERSTANDING
(Mou)

(TRIEU KHANG MEDICAL EQUIPMENT) CO., LTD. (called Party A) and (COSTECH) CO., LTD.
(called Party B) hereby acknowledge friendly relationship and firmly believes in their contributing to
exchange of all business based upon mutual trust. Thus, the Parties enter into this memorandum of
understanding (here in after referred to as “MOU™) as follows:

Article 1 : Purpose

The memorandum of understanding is for the purpose of having cooperative relations for orders and
accomplishment of (COSTECH)'s products to VIETNAM through strategic business alliance for two
companies.

Article 2 : Field of Exchange and Collaboration
The exchange of busmess set forth in this MOU may include the following fisids:
2 Coomarare 16 taanen the produet into NETRAM market

Articte 3 :Be worth, Effectiveness, and Expiration

1. This MOU is worth with the total estimated value of USD 100,000 within the duration of 2 Year
from Sep 2019 to Sep 2021.

2. This MOU shall continue to be in force after either party confirm in written every year.

3. This MOU may be amended by written agreement for the Parti

4. This expiration or termination of this MOU shall not affect the effectiveness of any business that
was agreed on by the Parties and has been being performed under this MOU.

Initness of the fact that an MOU bae been entered into between the Parties as above. (COSTECH)
LTD. has exscuted'this MOU by

Srxing their respective names and seals thereupon, and each Barty reiaine one cop
nd (or) Party B can af he third Bany te support for easy Imporvexpert procedure if

neede:

Date: 2019. 09. 26,

For or on behalf of For or on behalf of
Party A

i

Il —

TRIEU KHANG MEDICAL EQUIPMENT CO., LTD. COSTECH co., LTD.

(A% AT 2

jo
=12

T8 MOU #4]
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€ Harr-Cascade Training ¢12]Z

m7E 8
* Haar-Adaboost A& a2S AE38tE0 Cascade €18]E&S AME-tE)|, Tree 722 TAH
9 WA Sub-windowWHo.2 AHS ghste] FFo] ohd JAE AN FH A WEA ALJA|7|=
H

* Haar-Adaboost &5

e Given example images (z1,41),--., (Zn, yn) Where y; = 0,1 for negative and
positive examples respectively.

e Initialize weights wy; = 2m= 21, for y; = 0,1 respectively, where m and [ are

the number of negatives and positives respectively.
e Fort=1,...,T:

1. Normalize the weights,

Wt i
n ya s
Z_j:] '”'f-J

so that w; is a probability distribution.

Wi,i <

2. For each feature. j. train a classifier h; which is restricted to using
a single feature. The error is evaluated with respect to w¢. €; =

Z; wi |hj(x:) — yil.
Choose the classifier, i, with the lowest error ;.
4. Update the weights:

s

Wi = we i
where p,- = 0 if example x; is classified correctly. e; = 1 otherwise, and
B = 1—(.
e The final strong classifier is:

hiz) = { 1 zt—l athi(z) > %Z,_l ay

0 otherwise

where a; = log 3
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* Cascade Classifier flow

T T
IMAGE Classfier 1 )—— | Classifier 2 Classifier 3
SUB-WINDOW
lF F F

NON-Vehicle NON-Vehicle NON-Vehicle

Vehicle

* Cascade detector

e User selects values for f, the maximum acceptable false positive rate per layer
and d. the minimum acceptable detection rate per layer.

o User selects target overall false positive rate. Fi,pget-
¢ P = set of positive examples

e N = set of negative examples

e [4=10:Dy=1.0

e i =10

e while F}; > Fj,pget

—i4i+1

-n;=0.F; =F;_

— while F; > f x F;_,
* n; —n; + 1

x Use P and NN to train a classifier with n; features using AdaBoost

x Evaluate current cascaded classifier on validation set to determine F;
and D;.

* Decrease threshold for the ith classifier until the current cascaded clas-
sifier has a detection rate of at least d x D;_; (this also affects F;)
— Ar' — @
— If F; > Fiarget then evaluate the current cascaded detector on the set of
non-face images and put any false dectections into the set N
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<?xml version="1.0"?>
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: |
<size> 70 55(/5:20)
<stages>
<!-- sta =P
- <trees>
<t=- >
g s e
<feature>
= e
<tilted>0</tilted>
</feature>
<threshold>0.0235 </threshold >
<left_val>1.0</left_val>
<right_val>1.1</right_val>
</_>
</>
</trees>
<stage_threshold>1.05 </stage_threshold>
<parent>-1</parent>
] s e
</_>
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[Vehicle Region Validation]

Machine Vision 7| g

[Register Vehicle Region]

Machine Vision 7| &

[Vehicle Tracking]

[FCW ¢32)% 5% 58]
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©® 4% F4E& 9g LDWS ¢1elE A
b LDWS ¢igs Al A
B Measure the inner angle of left and right lane
m [f the vehicle is moving in the current lane, the both angle should have similar value, i.e., symmetric
B = a
m If vehicle is moving toward right lane, B > a
m If vehicle is moving toward left lane, B < a

abs(a — B) = Th (20), - lane_changing

B Camera calibration should be done at first according to camera height, lane information, vanishing
point etc.
m Left/right angle of lane trajectory with horizontal line is the most important information to detect

lane departure.



Camera Calibration with Lane Trajectory (Manual)

B=3745°

336,823

Lane Detection (Auto) Lane Detection (Auto) +Manual Lane (Calib)

m Lane Change Detection Rules
vl = abs(o;—a,)
v2 = abs(B,—o)+abs(B,—o,)
rl =4d,/d,
r2 =4d,/d,;
v2 =20 && vl = 15 &&1r1 = 0.09
&& 12 = 0.09 — lane_changing
v2 = 23 && vl = 23 — lane_changing
rl1 = 0.25&&1r2 > 0.1 - lane_changing
rl=0.1&&r2= 0.25— lane_changing



Lane Departure Detection
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After Trackin

Before Trackin

After Trackin

Before Trackin

[Vehicle Tracking &

: Good

Video Quali

Video Quality: Poor [Excessive light, too dark]




pRightl

Original fixed lane position Shifted fixed lane position according to vp
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m 27 e} 78k TTC(Time To Collision) 22 A% SA 7|
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[Filter &% %3 TTC % =4 (?b)]

L

€ 8218 ADAS 4537t 7| vHEGFEE 4 3F)
m H7AE - AHSE/HAEE(Precision/Recall)

ENPEUAS «—— SHPHYS
False Negatives True Negatives
0° —o%
@® x sz
@) VAS EX) A1 01 4j0] S

True Positives False Positives

QU2jo] QFF <«—+ QIAo] F 7 True Positive LYY W, 21 014 0 good
O @ ® x o True Negative 20| OfY WH, I3 Q14 X good
@) @ x % False Positive 243o| obd ujf, 2+ 914 0 bad
O O - False Negative A Y W, 2HY QU4 X bad
D 4
@)
detected TRUE
* Recall = _

total number of existing TRUE

-> (HES) Y S8 S #EL|X| ¥ Zo0tt 2 ZOotW =X

. . TRUE detection
* Precision = : . =
whole detection of an algorithm

-> (Bgk) 4= 2ot SOt et

= =



X 6 A EdH2~ ADAS(FCW/LDW/FVSA) 453 7F 71F(A])
FE W&
o Test method : Compare detected vehicle and
ground truth
o Test criterion
. Pixel @ shift - 20 pixel
FCW
: Angle @ 10X o]
o Test criterion
. Precision
. Recall

o Test method : Compare detected land and
actual lane

« Test criterion

ANB
> 0,
LDW g = 20%

L,
*s, Actual lane
E)

o Test result
. Precision
. Recall

« Test method : Compare detected Stop vehicle| gremmmm
land and starting vehicle

o Test criterion : 3% oW} X
o Test result

. Precision

: Recall

FVSA
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| 3. Image |

| 2. Predicted DB |

[ 16108 |

- Predicted DB

- Ground truth

- Video to Image

- P9

(frame#, prob., %, y, w, h)

- et file

(frame, %, y, w, h)

- tatfile

<Result logging data>

4. Evaluation

vehicle AP

class: 66.30% =

<average precision>
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@ AF 224 Test A4
@b DST-026 ¥+=& 913 EMC A3
B Ax71HTA A PH I 9 Z2HEmY Anechoic chamber)E &-8&3te] 7)o s
A7 A gRr A
MEFol Axpa WAL & A% vl #-3te] A 1FE CISPR25 Ed3.0 11789 7 H o
T3t g Hr 9 gy Ad
cAA S AEA G AE

- AEEAN TR A=A mol27) A HAH= FH dAFE FE F

B7kst7] s DST-D026N A AAIE A= dred Zs Ald 22 Fdl] He

27+
- AEEAL oo} 2 2U2E YA
=72 F34 100 kHz ~ 108 MHz
TEHAY 1135V
Bandwidth ¥ Step Size =7
Service | Band Frequency Ran Peak Detection Average Detection
ge(MHz) BW |Step Size| Dwell | BW |Step Size| Dwell
LF 0.1~0.15 200Hz | 100Hz | 50ms | 200Hz | 100Hz | 50ms
AM 0.15~30 9kHz bkHz | 50ms | 9kHz 5kHz | 50ms
TV Band | 41~88 120kHz | 50kHz | b5ms | 120kHz | 50kHz | 5ms
FM 76~108 120kHz | 50kHz | 50ms | 120kHz | 50kHz | 5ms
- 2874y

g8 ud e 2l A ZA A 54 WY 247 2gd

EMI receiver ESU26 Rohde&Schwarz 20 Hz ~ 26.5 GHz 17.12.02
V-Network ESH3-76 Rohde&Schwarz | 100 kHz ~ 200 MHz 17.12.02
V-Network ESH3-76 Rohde&Schwarz | 100 kHz ~ 200 MHz 17.12.02

- AE TAEE
* HAWL H2& 05mm FAY TF EE oldEFE FBOE Hojorg
* A REF A ZEHLISN) ] A= 200(+2000mme] A& A8k okgt
* ZE Ao EL AXNAOo R A 100mmE HojAof &

* HAWMY ol utgoZHE 92 900(£100)mm 5 o} of gt

netrome nt

(a4 A=y Fa) A7)
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AR WA e A

m A EEANAN LAEE WAL To|27}F x| FAEE FH AFRFA FAE F
A H7tst7] 98] DST-D026N A A A g A=A 5t WAbg el AlE Zdol F3te A4
B7he

s AEEAL ol 2L xRz AAIAL

=74 F34 1 100 kHz ~ 25 GHz
TEHE 135V
Bandwidth ¥ Step Size &7
. Frequency range Peak detection Average detection
Sanleg/iEa (MHz) BW | Step size | Dwell | BW | Step size | Dwell
LF 0.1 ~ 0.15 200Hz 100Hz 50ms 200Hz 100Hz 50ms
AM 0.15 ~ 30 9kHz bkHz 50ms 9kHz 5kHz 50ms
FM 76 ~ 108
Mobile 30 ~ 1 000
TV Band 1 41 ~ 88
120kHz 50kHz 5ms 120kHz 50kHz 5ms
TV Band III 174 ~ 230
TV Band IV/V 470 ~ 890
DAB 174 ~ 245
DTTV 470 ~ 770 120kHz 50kHz 5ms 120kHz 50kHz 5ms
Mobile 1000~2500 120kHz 50kHz 5ms 120kHz 50kHz 5ms
GPS 1567~1583 - - - 9kHz 5kHz 5ms

L]

_ - {4
B8 ol g | Az | A Egwa | 0
EMI receiver ESU26 Rohde&Schwarz | 20 Hz~26.5 GHz | 17.12.02
Active rod antenna SAS—550 AH. Systems 9 kHz~60 MHz 17.06.17
Biconical antenna VHA 9103 Schwarzbeck | 30 MHz~300 MHz | 17.04.05
Log—periodic antenna | VULP 9118A | Schwarzbeck 200 MHz~1 GHz | 17.04.02
Horn antenna 3117 ETS 1 GHz~18 GHz 17.04.02
Pre—amplifier SCU-01 Rohde&Schwarz 10 kHz~1 GHz 17.12.02
Pre—amplifier SCU-18 Rohde&Schwarz | 1 GHz~18 GHz 17.12.02
V—Network ESH3-76 Rohde&Schwarz | 100 kHz~200 MHz | 17.12.02
V—Network ESH3-76 Rohde&Schwarz | 100 kHz~200 MHz | 17.12.02
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[e] — J.
BT} ol A sgx | A | 2
7S Basic Function Test | iF2¢] %3 | PASS | DST-025
A WMEAF 18732V | PASS | DRT-026
A7|A AN A9 AHLA 20V/55 | PASS | DST0%6
ALAH 30V/605 | PASS | DST-0%6
AL w2 AJE -10°C PASS | DST-0%6
SIS | gmaang ne WA AY 0°C | PASS | DST-%
g 24 A -10°C PASS | DST- 026
WS A8 57100 Hz | PASS | DST-0%6
71A1A 3E AE
24 A8 0.3m PASS | DST- 026
EMI Class 3 | PASS | DST-0%6
EMC A3
DY Class 3 | PASS | DST-0%6
Meter Cluster VF | 72 23 | PASS | DST-0%6
718 35 A DVR IF FAo] %8 | PASS | DST-0%6
Brake I/F FAo] 28 | PASS | DST-0%6
At WE A8 18732V | PASS | DRT-026
A71H 3 Al A GHE A1 29V /5% PASS | DST-026
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LDWS / oz -10°
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71A1A 3E AE
24 A8 0.3m PASS | DST- 026
EMI Class 3 | PASS | DRT-026
EMC A3
DY Class 3 | PASS | DST-0%6
RS 95% PASS | TRolEE
LDWS 2%} TEST
AFASHE Aol R 95% PASS | TF&ellstH
FCWS 215} TEST Jg 25 AR 95% PASS | TAdlEst
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