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↑ḟῶ 

Embedded Board  (FCW) 

ṏ┘͖ὢ ἲˉ(LDWS, FCW) 

₂ừ ╩ᾌ ͖ὢ Ҽ  Ḑ ᾋ◌͈ᶘ 

■Ҽ  ῶ♆͖ὢ Ҽ  
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Ѩקּ  ■Ҽ  ῶ♆͖ὢ Ҽ  
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Ѩקּ  ■Ҽ  ῶ♆͖ὢ Ҽ  
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Ѩקּ  ■Ҽ  ῶ♆͖ὢ Ҽ  
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Ѩקּ  ■Ҽ  ῶ♆͖ὢ Ҽ  
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Ѩקּ  ■Ҽ  ῶ♆͖ὢ Ҽ  
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₂ừ╩ᾌ ͖ὢ ͖Ḗ LDWS, FCW 

Embedded Vision  
Å Machine Vision Ř ₂ừ›Ἁ╢ ︠╖   ᾈᶘҥ╖ ╧↑ ˡ ר   ḟḶ 

Å ϼ Ἇ ר ᵎ ⌐  ▄ḺӭӢ ᾋᾂ  ˉḘ ͖ὢ 

(  : ṓṏ ♆ḟ ᾌ ᾋᾂ╩ר ) 

ϼ Ἇ ר Ӆ ᶆׇᵎ ╧↑ ѡ ּקѨ  ₂ừ╩ᾌ ͖ὢ 

LDWS(Lane Departure Warning System) 

FCW(Forward Collision Warning) Ÿ ISO-15623͈˳ᶴἉ 
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■Ҽ  ₂ừ ╩ᾌ ᾋ◌ ͈ᶘ 

LDWS, FCWS, PCWS, AVM ӫ ■Ҽ ↑ ᶆׇ ᾋᾂ ╢ ŝ03У Ἒ˾ ᾋ◌ ͈ᶘѡ 2 ‏Ɑ∙› ѽ  ˣ╓ᴘ ♆ᵩ 

Ṧḅ LDWS ᾋ◌ ͈ᶘ 

 ɠ ŝ/8У 118‟∙+ ŝ05У 2,961‟∙, ͉ 61.8% Ἐ◌ᵆ ♆ᵩ 

 ɠ US NCAP : 2011У LDWS, FCWS ῶ♆ ʷ ͖כ› Ứ█ 

 LDWS ᾋ◌ ͈ᶘ ׳┘

 ɠ ŝ/8У 219‟∙+ ŝ05У 1,289‟∙, ͉ 28.6% Ἐ◌ᵆ ♆ᵩ 

 ɠ 2013У ᾍ͈ ừ↑ › LDWS◌  ╢ᶱ  שּ 
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̭ϼ№ ͖ὢҼ  
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LDWS ᾋ◌Ҽ  

2001, Nissan Cima 

2002, Toyota Crown Majesta ,  Lexus LS460  

2003, Honda Inspire  

2005, Nissan Infinity FX,  Citron C4, C5, C6,  Audi Q7  

♫Ɑở ר ᶘҥ ᾋУҲ ♫  ởּש 

GM 
Cadillac CTS, DTS 

Buick Lucerne 
2007 ἐ╪  ˿̆ ᾎᾅ  

BMW 5, 6 Series 2007 ἐ╪  ˿̆ ᾎᾅ  

Volvo S80, V70, XC70 2007 ἐ╪  ˿̆ ᾎᾅ  

Benz E-Class 2009 ἐ╪  ˿̆ ᾎᾅ  

Hyundai EQUUS 2009 ἐ╪  ˿̆ ᾎᾅ  

Hyundai GENESIS 2009 ἐ╪  ˿̆ ᾎᾅ  

Kia K7 2009 ἐ╪  ˿̆ ᾎᾅ  

אַ ,◓ ͕ ╪Ữ װ⁄ ◑  
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FCW ᾋ◌Ҽ  

♆ḟ ᵖᵎ ╩ᾌ˛ ╢̐ר ⁭ ♆ḟ  ͖ ╖ʹҶ ₆ừ ᾋ ̐ר

Ҷ ˼̃ Ḑ ♫„ ѻ˾ : ˼̃ ɠ ᾊˊ ṏ (ῶ♆Ḿ  ˃ ) ɠ ẁᴃ╧  ṏⱭ ɠ ṥṧ or ₭♆ ♫Ҽ 

Volvo›Ἁᵠ ᶆׇ ͖ὢ╖ ♅↑(͋ №, Radar-Camera ♆ █) 

♫Ɑở ר ᶘҥ ᾋУҲ ♫  ♅↑ἜἉ ד⅔͖Ѩ ởּש 

Audi A8 2010 
Ợ♣ ˁּת ḓ Ⱡ

ҿ 
Rader 

˿̆ɣΌ♣ṁ  ˆ  
ɣⱠҿ 

Ford 
Lincoln MKS, 

Taurus 
2009 

Ⱡҿ Ṓⱳᵑ ˻  
ҹ ˿̆ 

Rader ˿̆ɣⱠҿṒⱳ 

Honda Acura 2003 
ҹ ּ⁷ת Ⱡҿ 
ᾎᾅ  

Rader 
˿̆ɣΌ♣ṁ  ˆ  

ɣⱠҿ 

Nissan Infiniti  2006 Laser 

Benz S-Class 2005 Ợ♣ Ό♣ Ⱡҿ Rader ˿̆ɣṨṪ Ⱡҿ 

Toyota Lexus 2003 ҹ ₉Ḣ ᾎᾅ  
Rader, 

Infrared 
˿̆ɣΌ♣ṒⱳɣⱠҿ 

Volvo S80 2007 
▫ҿ Ⱡҿ╙ ˻  

ҹ ˿Ṓ 
Rader,  

Camera 
˿̆, Ⱡҿ Ṓⱳ 

ŗỮ↔ ◑ ⁄װ ͕̆ ḓ װ Ř 
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₂ừ ╩ᾌ ̒ᴍ ͖ὢ Ҽ ר  

̭ № - Ҋ ͖‭ ̭ ϼ - Ҋ ͖‭ 
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 BOSCH Multi Purpose Camera  

    Ѿ▀ H/W ͙ḙ ͙ѫ  ₅Ữ ╬ᾏ S/W ḓ ל  ᾎᾅ  ˌḛ ַא 

    (HBA, LAK, FCW, RSR) 

₂ừ ╩ᾌ ̒ᴍ ͖ὢ Ҽ ר  

 HELLA Scalable Multi Function Camera  

    Ѿ▀ H/W ͙ḙ ͙ѫ  ₅Ữ ╬ᾏ S/W ḓ ל  ᾎᾅ  ˌḛ ַא 

    (LDWS, HBA, FCS, NV, TSR) 

 Valeo  

   - LaneVueTM : ἐ╪  ˿Ṓ ͙ѫ ‚ụ 

   - BeamAticTM : HBA, ΌˌӮ Ⱡ‡ ͙ѫ ‚ụ 

   - XtraVueTM : Ϯ╪ ẋ♣ ͙ѫ ˌḛ ַא 
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₂ừ ╩ᾌ ̒ᴍ ͖ὢ Ҽ ר  

ˉḘ ‭  ϴ  ‭  ừἚ ͖Ѩ 

Mobileye 

BMW 

Volvo 

Cadillac 

GM 

Å LDW(Lane Departure Warning), 

Å FCW(Forward Collision Warning) 

Å PCW(Pedestrian Collision Warning) 

Å TSR(Traffic Sign Recognition), BSD(Blind Spot Detection)  

Continental 
BMW 

(7 series) 

Å LDW(Lane Departure Warning), FCW(Forward Collision Warning) 

Å IHC(Intelligent Headlamp Control), SLM(Speed Limit Monitoring) 

Hella GM Opel Å LDW(Lane Departure Warning), TSR(Traffic Sign Recognition) 

Visteon 
Nissan, 

Volkswagen 

Å LDW(Lane Departure Warning), FCW(Forward Collision Warning) 

Å BSD(Blind Spot Detection), Map-based Curve Speed Warning 

Å Driver Monitoring System 

Bosch 

Ford, Audi 

Peugeot, Renault 

Mercedes 

Å ACC(Adaptive Cruise Control) with FCW 

Å Parking Aid System, Night Vision 

Autoliv Audi,Fiat, Jaquar,Seat, Toyota Å Night Vision System with PCW 

HCL 

Å Rear View Aid System with 4 cameras 

Å TSR(Traffic Sign Recognition), AHC(Auto Highbeam Controller) 

Å License Plate Recognition 
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LDWS(Lane Departure Warning System)  

 ₂ừ ╩ᾌ ͖ὢ ר

FCW(Forward Collision Warning)  

Embedded System  

↑͖ὢ ṧ‎ 
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KETI - LDWS 
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KETI - LDWS 

Input Image  Image Enhancement  Image Resize  Edge Detection  

Image Distribution  
HOG Lane Detector  

(Histogram of Gradient)  
Lane Connection  Lane View  
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KETI - LDWS 
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KETI - LDWS 
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DEMO - LDW 
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KETI - FCW 

Windows PC  

FCW Algorithm  

Embedded Platform  

FCW Algorithm  
&  
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KETI - FCW 

₂ừ█ᴌ 

₂ừ ♆ ᵖ ̐♩ 

קּ Ἅ Ἇ♩ Ḑ ӣ 

ˡ ר ṥ 

 ṥצˡּ ר

ʹ ˛ᵖ ᵭ ṥ 

♆ḟ ̐ר╢ ˛ᵖ ╩ᾌ 

ϼ› Ἇ ר ӄ„ ♆ḟ ₂ừ╖ ӣ ѡ ᶆׇ 

█ᴌ ₂ừ╢ Image Enhancement  

ṇ ᶆׇ Ἇ ר  е╧› Ӹᵍ ּק Ἅ Ἇ♩ Ḑ Lane ♩ṏ ↑ 

Image DB ר  ₂ừ›Ἁ╢ ︠  

ᾈ ᶘҥ ̬Ἐ Ḑ ᴍ 

ở♆› ᴍӅ 

ᾈᶘҥ╖ ╧↑   

ṏ ₂⁮ ˡ ר  

⌐ừ ♅╩ ︠̐ ╩̐Ἐ╖ ╧↑  

 צṏ ₂⁮ ˡּ ר

ở♆› ̬ἘӅ LUT(LookUpTable )ᵎ ╧↑ ⁭ ʹ ˛ᵖᵎ Ợ  

♆ḟ ̐ר╢ ˛ᵖ ╩ᾌ ᴌ 

↑╧ ṏᵎ♩ ר Ḓ↔Ӷ ḓᾂ ϼ ╢ר ṥ ♅ ר Kalman)♅ ר   Method)  

♆ḟ ר ṏ ₂⁮╢ Ҋ Ἐ Ḑ ›ּק 

ṧἊ╖  ♆ḟ  ṏ ₂⁮ ᵝ ר
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KETI - FCW 
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KETI - FCW 

[ ᴍ› ở↑Ӆ ר DB] 
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KETI - FCW 

 

Å Ṫ╕Ἅ ï ∙͍Ḷ› ╢  ἲᾏ♣̐╢ ♥Ἅ 

Å ЬבἍ ï ḡ˼ ̬ṧἍ 

Å ᴙἍ ï ∙͍Ḷ› ╢   ṏ 

 

Å █ᴌ ↑ ר ЋẈ : ˡ Ӆ ר╢ ⌐ừ ♅ ↑ЋẈ ˾Ợ 

                                          ↑ ЋẈᵎ ᵠⱱ ᶠ קּ   →˼ ╢ר 

 №♫ ṏ›Ἁ ר                                          

Å ᴌ ↑ ר ЋẈ : █ᴌ ЋẈᵎ ̐ ṏᴘṥ ר   

                                   ┤̑ ♩ṏᵎ ╧↑ ♫ ṏ ר ⁭  

 

↑╧ ЋẈѡ [-1, 0, 1] filterᵎ ר  HOG╢ ͖↕͖ ♩ṏ₫ Canny filter╢ ┤̑ ♩ṏ, Houghᵎ ╧↑  ш♅ Cellѻ⌐╢ energy♩ṏᵎ ╧↑ ⁭  
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KETI - FCW 

  ṏ ר

ḑṆ╧ Y ר   ᴘ╓כ͖ ╖

ḑ› ▐╖ Ὕᴙ →Ἅὠ⌐ ּצʷ 
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KETI - FCW 

Å ◐ frame╖ ͖כ╓ᴘ ṏ ₂⁮ ϼ╢ ʸ 

pixel҆ n frame ᵠ  ш♅ Energy Ợ  

Å ṏ ₂⁮ ϼ›Ἁ Ҋ Energyʷ ▄˾ˀ

╖ В╖ ˼→ ╩̐Ἐ ר 

Å ṏ ₂⁮ ϼ›Ἁ Ҋ Energyʷ ▄˾ˀ

╖ Вּק ᶠ  ˼→ Ẉ╩̐Ἐ ר 
Ẉ╩̐Ἐ ר ṏ ♫˛ 

 

Å ╧♆ frame̐╢ ר ͖ᵎ Ẉ̧ ⁭ ╩̐Ἐ Ɑ˝╖ ᵠⱱᾋ  ˼→ ˡỮ ₂⁮ ϼ╢ ♅╢ ר 

͖ ṏ  
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KETI - FCW 

 

 

 

 

 

 

 

Å (a) Sample Image, (b) Sample Image ╢ Ὕ  Ἐṧ , (c) Sample Image╢ Hough map 

Å Hough map› ר Ң╧  Ḑ Ẉ ╧Ң ר ᵎ ᾈ ╧Ң ר ⁭ ѡ +(plus),  

Ẉ ╧Ң ר ѡ ï(minus) ›Ћּקᵎ ҆ ⁭ Energy map ỵἘ 

Å █ᴌӅ ר Ң╧  Hough map╢  Energyˀ╧ ‗Ὕ╧ᶑ ר, ╘Ὕ╧ᶑ Ẉ  ᴘ ̬ṧ╓ר

 

Å ⌐ừ ̐ ᾋʹ♩ṏᵎ ╧↑ ♫ ṏᵎ ר ⁭  ╧ › Ѹᾋ  ͖Ḗ╖ ╧↑  צּ╩ ⁭

Å HOG + Canny + Houghᵎ ╧↑   ͖Ḗ 

(a)                                    (b)                                      (c)  
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KETI - FCW 

[Resize Box]  
(HOG+Canny+Hough  Transform)  

[Symmetric EHD]  

Left Image  

קּ‹  
(Vertical, Horizontal, 45 diagonal,  

135 diagonal, non -direction)  

Hv, Hh, H45, H135, Hn 

Right Image  

קּ‹  
(Vertical, Horizontal, 45 diagonal,  

135 diagonal, non -direction)  

Hv, Hh, H45, H135, Hn 

Matching of histogram  

 ⁮Ỡ♫ ₂ ⁮₂ ר

MPEG-7 Video Descriptor  
EHD╢ Global Bins ᵠ╖ ╧↑ 

 ♩˷ ṥ› ӫᴙ ⁭ṥ ♅ ר
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KETI - FCW 

ˡּצӅ ₂ ר⁮ 
1 2 

[Case 1] ◓ᾔ╪ Search WindowϿ⁄ Ⱶאַ ╥₅⁵ װ Ἄ⁄▐מ ◓   ˿↕ 

            ɣ ḕ⇔ӹ Ḗᾅ ‰ҥ╪  

t -1 

t  

Search Window  

 ᾔאַ ╥₅⁵ װ Ἄ⁄▐מ ♣╪

 ᾔאַ ╥₅⁵ װ Ἄ⁄▐מ ◓

1 

1` 
Tracking  

[Case 2]  Ⱶ◓  ↕˿ ΏѤ תּ

            ɣ Ựᴛ⇔ װ╖ᴛ Ӯᴜ 

[Case 3] ᶣ תӇּשᴛ ˤּ╖װ Ἄ⁄▐מ ◓ ╪Ἄ ♠Ӈ‴Қ ₅⁵⁄▐מ ♣╪  Ѥ ˿↕ 

            ɣ Kalman ₉ ᵑ ╪↔  ₅⁵ ỸἛ 

            ɣ ỸἛӈ ₅⁵╙ EHDŋ  ⁴ ˤּש 

1 1` 

1 2 

1`` 

1 1` Kalman  Predictor  

EHD(Edge Histogram Descriptor)  

Case 1 
(Tracking)  

Case 2 
(New Vehicle)  

Case 3 
(Kalman  and 

EHD) 



32 

KETI - FCW 

 ᾒᾎʼ ₅Ữ⁄Ἄ װ╖ᴛ ˤựӈ ₅⁵ 

1023 frame  1024 frame  

- ˤּשӈ ₅⁵ װ╙ ͙ḙ╖ᴛ װ ♠ 

- ╪♣ ᴆ▐⁄Ἄ װ╖ᴛ ˤּשӈ ₅⁵╙ ♠ ⁴ ◓ ᴆ▐⁄Ἄ װ╖ᴛ ˤựӇּת ᶣ Ѥ ˿↕⁄ װ ♬Ṓ Ṓ♬ 

♅╧ ♅↑Ӆ ˷̐ ♅╧ ♅↑Ӆ ˷̐ 
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KETI - FCW 

[ ṏ ₂⁮ ˡ ר ] [Box ׂש  ₂⁮ ♫˛] [Resize Box]  

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

Vehicle Detection  
Å ϼ Ἇ ר Ӆ ᶆׇᵎ ╧↑  ♆ḟ ̐ר╢ ˛ᵖ ʾּק 

Å ♆ḟ ⌐ ᵖʷ ʷ͢↕ ˼→ ɠ˛ ╢̐ר  ˼ṏ╘ Ḙỵ 

ɠ KETI FCW : ∙ 4˝ 

ϼ Ἇ ר Ӆ ᶆׇᵎ ╧↑  
♆ḟ ר ╩ᾌ ᾋᾂ  Ḑ ͋ ḟḶ ♆ḟ ḟḶ ♆ḟ צּ╩ ר ᾌ╩ ר  ᾌ ◄╘ ♫˛ ḟḶ╩ר

♆ḟ ר ╩ᾌ›Ἁ  
Ҋ ╢ר Ἐ╖ ˡּצ ѡ ḟḶ Machine Vision ͖ὢ Machine Vision ͖ὢ 



34 

DEMO - FCW 
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 ₂ừ ╩ᾌ ͖ὢ ר

TI Davinci  DM8148(DM8127) Processor  
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Embedded System  

TI Davinci  EVM Board  

DM8148/AM387(Cortex 8)  

Windows PC  

FCW Algorithm  

Embedded Platform  

FCW Algorithm  
&  

Å DSP : 1GHz 



Davinci  ARM 
(AM387x)  

 
Embedded Linux  

cash  

DSP 
(DM814x  

Or 
DM8127)  

cash  
Shared Memory  

(SysLink) 
 
 
 
 

OS 
Kernel 2.6.3  

[Running]  
ketiDetectObject  using  

DetectObject  

result  

Monitor  
or  

Sound  

load file Ř assign memory  

Ҽ□ ̬Ɑ Ἇ˾ 

Å ARM ᴛἝἌ : OS ḓ לṉ◑  ░ ᴏ ҅҉ 

Å DSP ᴛἝἌ : ░ᴏ ₅Ữ⁄Ἄ FCW ῼ̆ᵙּצ ҿ▬ 

Å Shared Memoryᵑ  ₅Ữ ░ᴏ ḓ FCW ▬ҿ ˺̓ ♣Ἶ 

Embedded System  



ARM̐ DSP ⁴Ҽ ḟḶ 

Å Codec EngineḢᾏ(xDM, xDAIS) : C++/ mallocᵑ ∟ ∟תּ ˭ ᶣ תּ  

 ɣ http ://processors.wiki.ti.com/index.php/Porting_GPP_code_to_DSP_and_Codec_Engine#How_do_I_make_C. 

     2B.2B_code_XDAIS_compatible.3F [ ̆] 

Å Syslink Ḣᾏ : shared memoryᵑ ╪↔  IPC(Inter-Process Communication) ḓ ҥ╪ ᵑ ̑┬ Ѥ Ḣᾏ 

Embedded System  

ARM 
Cortex-A8 

DSP 
C674x 

DDR memory 

Shared Region 
for IPC (16MB) 

Shared Region 
For Buffer (56 MB)  
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Embedded System  

OpenCV ⸗ἳἘ ♫˛ 

Å OpenCVѤ ѻ‚  ₅Ữ╬ᾏ ῼ̆ᵙּתּ ╙צ∟ ҵᴜ Ӈ‡ ▓Ѥ ₅Ữ ᵙ ג╪Ẅױᵙ 

Å ▀ḙ♠ ᵙьᾅ⁄ἌѤ OpenCV ג╪Ẅױᵙᵑ Ⱡ̑ Ϯ, DSP⁄Ἄ ▬ҿ ͙ ─  ╛′ ᵙѤױẄ╪ג 

 ɣ OpenCVᵑ ╪↔  Harr-Like, Adaboost  ῼ̆ᵙּצ╥ Ợ↔╙ ─  OpenCV ꜙἶἛ Ⱡ˞ 

Åở↑ ѡ OpenCV  

 ɣ cvHaarDetectObject() ὡ⁄Ἄ Ợ↔ ̆ ▓Ѥ OpenCV ἵᾅ ֹ‡Ͽ͙ 

     . CvHaarClassifierCascase 

     . CvMemStorage 

     . CvMemBlock 

     . CvSeq 

     . CvMat 

     . CvMatND 

     . Class Mat 

     . CvSize 

     . CvSeqReader 

     . Cv 

     . #define, Inline, Static  

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 ); 
 
//ba.cpp  
func (int  /*i*/, int  /*j*/, CvMat  *point_params , CvMat * cam_params, CvMat * estim , void* /*data*/)  
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Embedded System  

OpenCV כᾂ Ḑ Ὕ 
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Embedded System  

OpenCV ⸗ἳἘ ♫˛ - ₆ᾋ 
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Embedded System  

DSP  ḟḶ 

Å Code Composer Studio ᵑ ╪↔  DSP ӹ ḓ ἵᾅ ♠  

Å USB Emulatorŋ  ╪↔ 

[Development Tool]  
Code Composer Studio 5.3  

JTAG Emulator(XDS100v2 USB Emulator)  



Embedded System  

USB ᶆׇ or VPSS 

ARM 

Linux Kernel  

Device Control  

Shared Memory  
(SysLink) 

0x81000000  

DSP 

0x82000000  

Input Image  

Result Ř Vehicle Region  

JATG XDS USB Emulator  
Code Optimizer  Windows PC  

CCS 5.3.0 

CCSᵎ  ╧↑  DSP  
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Embedded System  

ɠ Code Composer Studio 5.3.0 
  - Compile Option(Optimization Level) : 1~3  
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JTAG Emulator  

TI(TMS320DM8127 )  

LCD Monitor  

1280x720 USB Camera  

Embedded Board ♫□ 

Å ᶛṕ̓ ᴏ ⁴ TI DM8127 ᴛἝἌᵑ ╪↔  ♣↔ Ṓӥ Ⱡ▬ 

Å FCW ῼ̆ᵙּצ  

Embedded System  


