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  Recent ly ,  dr iver  ass istance  systems (DAS)  with  var ious  devices  and 
in format ion  process ing  technolog ies  are  be ing  deve loped  to  support  sa fe  
and comfortable  dr iv ing .  In-vehic le  camera  i s  one  o f  them and wide ly  
used  in  pract i ce  because  i t  captures  intui t ive  images  that  can  be  eas i ly  
understood  by  operators .  Aim to  achieve  the  purposes  o f  adapt ive  cruise  
contro l  and co l l i s ion  avo idance  in  DAS with  in -vehic le  camera ,  i t  i s  a  
cruc ia l  s tep  to  extract  the  key  in format ion  conta ined  in  the  captured  
images ,  such  as  road s igns ,  f ront  cars  and obstac les .  Image  process ing  
technolog ies  are  natural ly  to  be  used  to  detect  road  s igns  and other  
ob jects .  Some bas ic  process ing  methods  l ike  contrast  enhancement  needs  
to  be  used  to  make  the  detect ion  eas ier .  
  The captured  images  f rom in-vehic le  camera  are  var ious  d i f ferent  
because  o f  changes  o f  natural  environment ,  such as  day-night  and 
backl ight ing .  These  changes  a lways  make  the  co lor  o f  image  too  br ight ,  
too  dark ,  or  dev iated .  The  in f luenced  co lors  cannot  prov ide  robust  
character is t i c  for  ob ject  detect ion ,  and lead  to  the  d i f f i cu lt ies  in  the  
detect ion  and lower  the  accuracy  o f  ob ject  detect ion .  
  This  research  a ims to  deve lop  a  nove l  co lor  ca lculat ion approach and 
f ind  a  reasonable  way  to  analyze  co lors  prec ise ly .  The  proposed  co lor  
ca lculat ion  approach,  which  ca l led  as  co lor  barycenter  approach 
cons iders  the  re lat ionship  o f  three  components  o f  RGB co lor  model .  
Based  on  th is ,  the  road  s ign  detect ion  and contrast  enhancement  
technolog ies  are  deve loped .  In  order  to  improve  the  accuracy  o f  road  s ign  
detect ion ,  the  d is tr ibut ion  o f  co lor  barycenter  i s  presented  and separated  
based  on  stat is t ic  feature  by  l inear  curve  analys is  and  constra ined  
c luster ing  in  d i f ferent  representat ion .  In  order  to  so lve  the  prob lems o f  
l ow qual i ty  image ,  the  h istogram based  adapt ive  separat ion  and mapping 
(HASM) f ramework is  proposed  for  contrast  enhancement .  Also ,  the  
h istogram based  mult i - image  mapping  and merging  (HMMM) approach  i s  
s tudied  as  the  improved  vers ion  o f  HASM.   
  The  thes is  cons is ts  o f  s ix  chapters  as  fo l lows :   
  Chapter  1  introduces  the  background and problems o f  in -vehic le  
camera  image  process ing  in  DAS f i rs t ly .  Then,  the  technolog ies  o f  
co lor -based  road  s ign  detect ion  and i ts  preprocess ing  contrast  
enhancement  are  introduced .  Last ly ,  the  mot ivat ion  i s  descr ibed  and the  
main  contr ibut ions  are  summarized .  
  Chapter  2  presents  the  or ig inal  co lor  barycenter  approach ,  and 
introduces  i ts  creat ion ,  representat ion  and s igni f i cant .  To  create  the  
co lor  barycenter ,  a  co lor  t r iangle  i s  mapped f rom RGB co lor  model  by  
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three  s teps .  F irst ly ,  present  a  po int  ( co lor )  in  RGB co lor  model  as  a  
vector ,  and then mapping  i t  onto  red ,  green ,  and  b lue  axes  o f  the  RGB as  
three  vectors .  Secondly ,  pro ject  the  three  vectors  onto  the  2D p lane  with  
120-degree  angle  respect ive ly .  Last ly ,  connect  the  three  vector  apexes  to  
create  the  co lor  t r iangle .  Dur ing  the  pro ject ion ,  the  angle  o f  vectors  and 
or ig inal  po int  i s  f ixed .  This  means  one  co lor  only  can  be  pro jected  to  one  
corresponding  co lor  t r iangle .  Then ca lculate  the  geometry  barycenter  o f  
the  co lor  t r iangle  as  the  co lor  descr iptor .  For  a l l  co lors ,  the  set  o f  
barycenters  wi l l  show as  a  hexagon representat ion  (HR) .  Any barycenter  
in  th is  reg ion  can be  used to  re f lect  the  co lor  (hue)  and co lor  intens i ty  
(saturat ion) .  Bes ides  th is ,  the  d istr ibut ion  o f  co lor  barycenter  can  be  
used  to  descr ibe  the  co lor  for  image  analys is  and segmentat ion .  For  
descr ib ing  and analyz ing  the  co lor  barycenter  more  c lear ly  and eas i ly ,  i t  
i s  t ransformed f rom HR to  po lar  coordinate  representat ion  (PCR)  and 
then to  cy l inder  representat ion  (CR)  success ive ly .  F inal ly ,  to  ver i fy  the  
e f fect iveness  o f  co lor  barycenter  in  co lor  analys is ,  the  wide ly  used HSV 
co lor  model  i s  compared .  Genera l ly ,  the  proposed  co lor  barycenter  
approach  i s  more  intuit ive ,  accurate  and robust  for  co lor  analyz ing  and 
process ing .  I t  can  perform better  separat ion  than HSV co lor  model  about  
14 .85% in  PSNR and 11 .25% in  SSIM by  K-means  c luster ing .   
  Chapter  3  improves  co lor  barycenter  approach to  create  a  new l ightness  
component  to  express  more  deta i l s  o f  the  or ig inal  co lor  image  and 
combine  i t  wi th  the  hue  and saturat ion  component  o f  co lor  barycenter  to  
achieve  convers ion  with  RGB co lor  model .  To  ca lculate  the  new l ightness  
component ,  the  d is tances  f rom the  barycenter  to  three  apexes  o f  the  
corresponding  co lor  t r iangle  are  used  as  the  weights  o f  red ,  green ,  and 
b lue  components .  Based  on  th is ,  the  re lat ionship  o f  d i f ferent  components  
o f  RGB co lor  model  i s  cons idered  to  make  the  new l ightness  component  
c learer  and i t  i s  bet ter  than the  corresponding  component  o f  HSV,  YUV,  
and LAB co lor  models  by  comparing  o f  image  entropy  ( IE) ,  average  
gradient  (AG) ,  and anisotropic  qual i ty  index  (AQI) .  The IE and AG o f  
improved  co lor  barycenter  approach  are  increased  about  1 .38%~5.82% 
and 0 .58%~7.12% respect ive ly .  The  AQI is  increased  about  20 .0%~31.11% 
than HSV and LAB co lor  models  and worse  than YUV co lor  model  about  
2 .22%.  To  evaluate  the  co lor  presentat ion  abi l i ty  o f  improved  co lor  
barycenter  approach ,  the  K-means  i s  used  to  reduce  the  co lor  into  7  
c lusters  with  h igher  PSNR than other  co lor  models  about  1 .45%~14.44%.  
Benef i t t ing  f rom this  advantage ,  the  improved  co lor  barycenter  approach  
he lps  to  improve  l ightness  analys is .  
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  Chapter  4  segments  the  co lor  barycenter  in  d i f ferent  representat ion 
with  d i f ferent  corresponding  approaches  for  road  s ign  detect ion .  
Al though the  co lor  barycenter  approach  i s  s igni f i cant  and g ives  the  
intui t ive  d is tr ibut ion  o f  co lors ,  i t  cannot  be  used  d irect ly  for  
segmentat ion .  To  use  them to  segment  road  s igns  in  d i f ferent  
representat ion ,  the  segmentat ion  approaches  are  s tudied .  In  HR,  the  
pr ior  knowledge  based  s tat is t i c  feature  i s  used  to  f ix  the  thresholds  for  
co lor  barycenter  separat ion .  In  PCR,  the  l inear  curve  analys is  based  
adapt ive  separat ion approach  i s  used  to  f ix  the  mult i - thresholds .  And in  
CR,  the  constra ined  c luster ing  method is  used  to  separate  the  co lor  
barycenter ,  which  can overcome the  shortcomings  in  HR and PCR.  After  
co lor  segmentat ion ,  the  s ize ,  aspect  rat io ,  and  co lor  rat io  are  used  to  
ver i fy  each  road  s ign  candidate .  Exper imental  resul ts  show that  the  
proposed  co lor  barycenter  segmentat ion  approaches  are  ab le  to  detect  
road  s ign  with  robust ,  accurate  performance  and invar iant  to  l ight  and 
sca le  in  complex  surroundings .  General ly ,  the  average  prec is ion  rate  of  
s ingle  road  s ign  completeness  i s  improved  about  3%~10% and the  
average  accuracy  o f  detect ion  i s  improved  about  6%~14% comparing  with  
other  four  re ference  methods  under  d i f ferent  condit ions .   
  Chapter  5  ut i l i zes  the  improved  co lor  barycenter  approach to  descr ibe  
the  l ightness  component  and convert  with  RGB co lor  model .  Under  the  
improved  co lor  barycenter  approach,  the  HASM framework and HMMM 
approach are  presented  for  contrast  enhancement .  In  AHSM,  the  
histogram is  separated  by  b inary  t ree  s tructure  with  the  proposed  
adapt ive  h is togram separat ion  unit  (AHSU) .  Al though the  HASM can 
obta in  good  enhancement  resul ts ,  i t  cannot  work  wel l  for  backl ight ing  
images .  To  improve  th is ,  HMMM is  proposed .  In  HMMM, a  mapping  
funct ion  i s  s tudied  to  obta in  several  images  with  d i f ferent  contrast ,  
which  can enhance  d i f ferent  reg ion  in  d i f ferent  images  and then merge  
them by  best  patch  se lect ion .  To  obta in  the  best  patches ,  image  entropy  
i s  ca lcu lated  and the  mix-Gauss ian  f i l ter  i s  used  to  smooth  the  merged 
image .  By  the  loca l  and g lobal  enhancement ,  the  image  becomes  c learer  
and looks  natural  in  dark  and br ight  reg ions .  Genera l ly ,  the  proposed 
contrast  enhancement  method can  obta in  bet ter  resul ts  than other  
s tate -o f - the-art  methods ,  and the  image  entropy  i s  increased  about  11%.  
  Chapter  6  conc ludes  thes is  and g ives  some future  works  such  as  f ront  
car  detect ion  and obstac le  detect ion  in  in -vehic le  camera  image  
process ing .  


