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INTERNATIONAL ELECTROTECHNICAL COMMISSION  

____________ 

 
CAR MULTIMEDIA SYSTEMS AND EQUIPMENT –  

DRIVE MONITORING SYSTEM  
 

Part 1 :  General  
 

FOREWORD 

1 )  The  I n ternati onal  E lectrotechn i cal  Commiss ion  ( I EC)  i s  a  worl dwide  organ ization  for standard ization  compris i ng  
a l l  n ational  e l ectrotechn ical  commi ttees  ( I EC National  Commi ttees).  The  object  of I EC i s  to  promote  
i n ternati ona l  co-operation  on  a l l  questions  concern i ng  standard i zati on  i n  the  e l ectri cal  and  e l ectron ic  fi e l ds .  To  
th i s  end  and  i n  add i ti on  to  other acti vi ti es,  I EC publ i shes  I n ternational  Standards,  Techn ical  Speci fi cations,  
Techn ical  Reports ,  Publ i cl y Avai l abl e  Speci fi cati ons  (PAS)  and  Gu ides  (hereafter referred  to  as  “ I EC  
Publ i cation (s )” ) .  Thei r preparation  i s  en trusted  to  techn ical  commi ttees;  any I EC Nati onal  Commi ttee  i n terested  
i n  the  subj ect  deal t  wi th  may parti ci pate  i n  th i s  preparatory work.  I n ternational ,  governmental  and  non -
governmental  organ izations  l i a i s i ng  wi th  the  I EC a l so  parti cipate  i n  th i s  preparation .  I EC col l aborates  cl osel y 
wi th  the  I n ternational  Organ i zation  for Standard ization  ( I SO)  i n  accordance  wi th  cond i t i ons  determ ined  by 
agreement between  the  two  organ i zati ons.  

2)  The  formal  decis ions  or ag reements  of I EC on  techn ical  matters  express,  as  nearl y  as  possib le,  an  i n ternati onal  
consensus  of opi n ion  on  the  rel evant  sub jects  s i nce  each  techn ical  comm i ttee  has  representati on  from  al l  
i n terested  I EC National  Committees.   

3)  I EC Publ i cations  have  the  form  of recommendations  for i n ternational  use  and  are  accepted  by I EC National  
Commi ttees  i n  that  sense.  Whi l e  a l l  reasonable  efforts  are  made  to  ensure  that  the  techn ical  content  of I EC  
Publ i cations  i s  accu rate,  I EC  cannot  be  hel d  responsi ble  for the  way i n  wh ich  they are  used  or for any 
m i s i n terpretation  by any end  u ser.  

4)  I n  order to  promote  i n ternational  u n i form i ty,  I EC National  Comm i ttees  undertake  to  app ly I EC Publ i cations  
transparentl y to  the  maximum  extent  poss ible  i n  the i r national  and  reg i onal  publ i cati ons.  Any d i vergence  
between  any I EC Pub l i cation  and  the  correspond i ng  national  or reg i onal  publ i cati on  shal l  be  cl earl y i n d icated  i n  
the  l atter.  

5)  I EC i tsel f d oes  not  provi de  any attestation  of conform i ty.  I n dependent  certi fi cati on  bod ies  provi de  conform i ty 
assessment  services  and ,  i n  some  areas,  access  to  I EC marks  of conform i ty.  I EC i s  not  responsi ble  for any 
services  carri ed  ou t  by i ndependent  certi fi cation  bod i es.  

6)  Al l  u sers  shou ld  ensure  that  they have  the  l atest  ed i ti on  of th i s  publ i cati on .  

7)  No  l i abi l i ty shal l  attach  to  I EC  or i ts  d i rectors,  employees,  servants  or agen ts  i ncl ud ing  i n d ivi dual  experts  and  
members  of i ts  techn ical  commi ttees  and  I EC  Nati onal  Commi ttees  for any personal  i n j u ry,  property  damage  or 
other damage  of any natu re  whatsoever,  whether d i rect  or i nd i rect,  or for costs  ( i ncl ud i ng  l egal  fees)  and  
expenses  ari s i ng  ou t  of the  publ i cation ,  use  of,  or re l i ance  upon ,  th i s  I EC Publ i cati on  or any other I EC  
Publ i cations.   

8)  Atten tion  i s  d rawn  to  the  Normative  references  ci ted  i n  th i s  publ i cation .  Use  of the  referenced  publ i cations  i s  
i nd i spensable  for the  correct appl i cati on  of th i s  publ i cation .  

9)  Atten tion  i s  d rawn  to  the  poss ib i l i ty that  some  of the  e l ements  of th i s  I EC Publ i cation  may be  the  subject  of 
paten t ri gh ts.  I EC shal l  not  be  hel d  respons ibl e  for i denti fyi ng  any or a l l  such  paten t ri gh ts .  

The  main  task of I EC  techn ical  committees  i s  to  prepare  I n ternati onal  Standards.  I n  
exceptional  ci rcumstances,  a  techn ical  committee  may propose  the  publ ication  of a  techn ica l  
speci fication  when  

•  the  requ ired  support cannot be  obta ined  for the  publ ication  of an  I n ternational  Standard ,  
despi te  repeated  efforts,  or 

•  the  subj ect i s  sti l l  u nder techn ical  development or where,  for any other reason ,  there  is  the  
fu ture  bu t  no  immed iate  poss ib i l i ty of an  agreement on  an  I n ternational  Standard .  

Techn ical  speci fications  are  subj ect to  review wi th in  th ree  years  of publ ication  to  decide  
whether they can  be  transformed  in to  I n ternational  Standards.   

I EC  TS  63033-1 ,  wh ich  is  a  techn ica l  speci fication ,  has  been  prepared  by I EC  techn ical  
committee  1 00:  Aud io,  vi deo  and  mu l timed ia  systems  and  equ ipment.  
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The  text of th is  techn ical  speci fication  is  based  on  the  fol lowing  documents:  

Enqu i ry d raft  Report  on  voti ng  

1 00/281 9/DTS  1 00/2877/RVDTS  

 
Fu l l  i n formation  on  the  voti ng  for the  approval  of th is  techn ica l  speci fication  can  be  found  in  
the  report  on  voti ng  i nd icated  i n  the  above  table.  

Th is  document has  been  drafted  i n  accordance  wi th  the  I SO/IEC  D irecti ves,  Part 2 .  

A l i st  of a l l  parts  i n  the  I EC 63033  series ,  publ ished  under the  general  ti tl e  Car multimedia  
systems and equipment,  can  be  found  on  the  I EC websi te.  

The  committee  has  decided  that the  con ten ts  of th is  publ ication  wi l l  remain  unchanged  unti l  
the  stabi l i ty date  i nd icated  on  the  I EC  websi te  under "h ttp: //webstore. iec.ch"  i n  the  data  
re lated  to  the  speci fic  publ ication .  At  th is  date,  the  publ ication  wi l l  be  

•  transformed  in to  an  I n ternational  s tandard ,  

•  reconfi rmed ,  

•  wi thdrawn ,  

•  rep laced  by a  revised  ed i tion ,  or 

•  amended .  

A b i l i ngual  vers ion  of th is  publ ication  may be  i ssued  at  a  l ater date.  

 

IMPORTANT – The  'colour inside'  logo  on  the  cover page  of th is  publ ication  i nd icates  
that i t  contains  colours  which  are  considered  to  be  usefu l  for the  correct  
understand ing  of i ts  contents.  Users  shou ld  therefore print  th is  document using  a  
colour prin ter.  
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INTRODUCTION  

The drive  mon i toring  system  is  a  camera-based  visual  system  enabl ing  the  car user to  record  
and  view i n  real  t ime  the  surround ing  visual  image  of the ir veh icle  from  anywhere  wi th in  a  
360°  surround  view perspective.  The  purpose  of th is  document i s  to  speci fy the  model  for 
generati ng  the  desi red  surround ing  visual  image of the  d ri ve  mon i toring  system .  Typical l y,  the  
d ri ve  mon i toring  system  i s  defined  by the  aud io-visual  mon i toring  system  requ irements  of the  
car mu l timed ia  system  and  equ ipment.  

To  ensure  the  correct pos i ti on ing  of the  car i n  re lation  to  i ts  surround ings ,  the  rear-view 
mon i tor for parking  ass istance,  the  b l ind  spot mon i tor for d isplaying  views  of the  b l i nd  spots ,  
and  the  b i rd ’s-eye  view mon i tor are  used .  Each  drive  mon i toring  system  provides  a  d i fferen t 
viewpoint  to  the  car's  d river.  I t’ s  a  heavy bu rden  for a  car d ri ver to  swi tch  between  these  
systems  and  qu ickl y recogn ize  the  mu l ti p le  fi e lds  of view.  I n  add i ti on ,  the  fie l ds  of view are  
l im i ted  to  these  camera  systems  wh ich  cannot freel y change  the  eye  poin t depend ing  on  the  
d ri vi ng  s i tuation .  As  a  resu l t,  the  usage  cases  for these  types  of systems are  l im i ted  to  
s ingu lar functions  such  as  parking  ass istance.  Fu rthermore,  on  commercia l  veh icles  such  as  
trucks,  buses  and  other specia l  veh icles,  rang ing  from  construction  to  agricu l tural  mach inery,  
the  usage  cases  for these  systems  is  even  more  l im i ted .  I n  these  veh icle  types,  there  m ight 
exist  s i tuations  in  wh ich  no  one  i s  avai lable  to  assist  the  d ri ver i n  properl y ensuring  the  car's  
correct  and  safe  pos i ti on .  

To  resolve  these  problems,  the  d ri ve  mon i toring  system  provides  the  d river wi th  the  optimal  
surround  view image  as  constructed  by the  model  expla ined  i n  th is  document.  I t  provides  the  
optimal  viewpoint  of the  veh icle  and  i ts  surround ings  to  the  d river for ensuring  the  car’s  good  
pos i tion ing  i n  various  driving  s i tuations  (parking ,  tu rn ing ,  h i gh  traffic  s i tuations,  etc. ) .  Th is  i s  
not on l y true  for passenger cars,  bu t good  posi tion ing  can  a lso  be  qu ickly ensured  for  
commercia l  veh icles  and  other specia l  veh icles  as  wel l .  

Part  1  speci fi es  the  model  for generati ng  the  surround ing  visual  image of the  d ri ve  mon i toring  
system .  Part 2  speci fi es  the  i n formation  sets  that are  provided  by the  d ri ve  mon i toring  system ,  
wh ich  i nclude  record ing  methods  for that i n formation  and  the  actual  visual  images.  Part 3  
speci fies  the  measuremen t methods  of surround ing  visual  images  for the  d ri ve  mon i toring  
system .  
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CAR MULTIMEDIA SYSTEMS AND EQUIPMENT –  
DRIVE MONITORING SYSTEM  

 
Part 1 :  General  

 
 
 

1  Scope 

This  document speci fi es  the  model  for generati ng  the  surround ing  visual  image of the  d ri ve  
mon i toring  system .  

2  Normative references  

There  are  no  normative  references  i n  th is  document.  

3 Terms,  defin i tions  and  abbreviated  terms  

For the  purposes  of th is  document,  the  fo l l owing  terms  and  defin i tions  apply.  

I SO and  I EC main ta in  term inolog ica l  databases  for use  i n  standard ization  at  the  fol l owing  
addresses:  

•  I EC E lectroped ia:  avai lable  at  h ttp : //www.electroped ia.org /  

•  I SO  On l ine  browsing  p latform :  avai l able  at h ttp: //www. iso.org/obp  

3. 1  Terms and  defin i tions  

3. 1 . 1   
car 

any kind  of powered  wheeled  veh icle  

3.2  Abbreviated  terms  

3D  three  d imensional  

camera  ECU  camera  e lectron ic con trol  un i t  

CAN  con trol l er area  network 

GU I  graph ical  user i n terface  

4 System  model  

4.1  General  

The system  model  of the  d rive  mon i toring  system  is  described  i n  F igure  1 .  Cameras,  wh ich  
are  mounted  on  the  outs ide  the  car,  capture  the  visual  image  of the  environment ou ts ide  the  
car.  The  visual  images  are  proj ected  onto  a  vi rtual  3D  projection  su rface  that  i s  then  
d isplayed  as  a  composi te  image  on to  the  mon i tor.  The  images  d isplayed  can  be  rendered  
from  any viewpoint  wi th in  the  3D  projection  surface,  thus  enabl ing  the  optimal  viewing  
perspective  onto  the  d isplay based  on  the  scenario.  The  number of cameras  requ i red  on  
veh icles  other than  passenger cars  may be  more  than  four depend ing  on  the  s i ze  and  shape  
of the  car.  Th is  model  defines  a  d ri ve  mon i toring  system  wi th  fou r cameras  as  typ ical  for most 
car type  appl ications.  The  number of cameras  used  in  generating  each  composi te  image may 
change  depend ing  on  the  viewpoin t.  The  mounting  pos i tions  and  ang les  for the  four cameras  
shou ld  be  cal i brated  as  per the  method  described  i n  4 . 2  and  4. 3.  

http://www.electropedia.org/
http://www.iso.org/obp
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Figure  1  – System  model  for the  drive moni toring  system  

4.2  Number of cameras  and  camera  fi eld  of view 

The  horizon tal  ang le  of view of the  camera  is  described  i n  F igure  2 .  Overlapping  areas  and  
b l i nd  spots  on  the  horizonta l  fie l d  of view change  depend ing  on  the  number of cameras  and  
the  horizontal  pos i tion ing  – viewing  ang le  of the  cameras.  Overlapping  areas  between  
ad j acen t cameras  shou ld  be  wide  for better composi te  views.  The  number of cameras  and  the  
horizon tal  ang le  of view of the  camera  shou ld  be  determ ined  such  to  ensure  there  are  no  b l ind  
spots.  I n  regards  to  the  vertica l  ang le  of view,  the  ti l t  ang le  of the  front  and  rear cameras  
(ψFront ,  ψRear)  i s  described  in  F igure  3 .  The  b l i nd  spot of the  vertica l  fi e ld  of view wi l l  change  
depend ing  on  the  vertica l  and  the  ti l t  ang le  (ψ)  of the  camera.  The  vertica l  ang le  of view of the  
camera  and  the  ti l t  ang le  (ψ)  shou ld  be  decided  such  to  ensure  that no  b l ind  spots  are  

generated .  The  detai l s  are  described  i n  Annex A.  

 

Figure 2  – Horizontal  angle  of view of the  camera  
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Figure 3  – Vertical  angles  of view of the  camera  

4.3  Method  for projecting  visual  image to  3D  projection  surface  

Fol lowing  the  ri ght-handed  coord inate  system ,  the  l eng th  of the  car i s  the  Ycar  axis ,  the  wid th  
d i rection  of the  car i s  Xcar axis  and  the  vertical  d i rection  is  the  Zcar  axis.  The  veh icle's  
cameras  capture  and  generate  a  video image that i s  projected  onto  a  vi rtua l  proj ection  
surface,  wi th  the  road  su rface  being  at Zv  =  0  (refer F igure  5) .  Th is  vi rtual  projection  surface  is  
then  proj ected  onto  a  3D  projection  surface  as  further described  i n  F igure  4  and  F igure  5.  The  
3D  projection  surface  that shou ld  be  used  i s  described  i n  F igure  4.  Proj ecti ng  the  camera  
generated  image  onto  a  3D  proj ection  su rface  i s  described  in  F igure  5.  The  3D  proj ection  
surface  shou ld  be  a  3D  sphere  whose  pol ygon  model  i s  s im i l ar to  a  pol yhedron .  One  poin t  of 
the  projection  image  (PV  coord inate  of the  3D  projection  surface) ,  i s  converted  to  one  poin t 
(PC  coord inate  of the  camera  coord inate  system)  based  on  the  optics  ori g in  of the  car's  

cameras.  Th is  coord inate  conversion  is  defined  as :  

VCVC PMP ×=
→  

Where  M
V→C  i s  the  coord inate  convers ion  matrix  to  the  car coord inate  system ,  fixed  by the  

camera  moun ted  pos i ti on  and  the  ang le  for the  car coord inates.  I ncident  vector Vi  when  the  
car's  camera  photographs  the  subj ect at  posi ti on  PC  i s  defi ned  as:  

C

C
i

P

P
V −=  

The  coord inates  of the  car's  camera  image  that  records  the  subject of i ncident vector Vi  can  

be  ca lcu lated  by the  i n ternal  parameter of the  car's  camera.  Proj ecti ng  the  car's  cameras’  
captured  composi te  image on to  a  3D  projection  surface  is  rea l i zed  by arrang ing  the  p ixels  of 
four cameras  wi th  the  re lations  mentioned  above.  
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Figure 4 – 3D  projection  surface  

 

Figure 5  – Projecting  to  3D  projection  surface  

4.4  Visual izing  the  projection  image  at free  eye  point  

The vi rtual  eye  poin t i s  the  ab i l i ty to  change viewing  perspective  anywhere  wi th in  the  3D  
proj ection .  The  pol ygon  model  consti tu ting  the  3D  projection  surface  i s  visual i zed  from  any 
vi rtual  eye  poin t.  Visual i zi ng  the  pol ygon  model  uses  3D  computer graph ics  technology.  The  
texture  image is  the  car's  camera  image updated  at a  vi deo rate.  The  wrap  around  view image  
is  composed  by perform ing  the  pol ygon  rendering ,  wh ich  associates  the  image coord inate  of 
the  car’s  cameras  wi th  the  pol ygon  vertex as  textu re  coord inates.  
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4.5  Free  eye point capabi l i ty  

The vi rtua l  eye  (sometimes  referred  to  as  ‘ free  eye’ )  poin t  parameters  of d i rection  and  fie ld  of 
view of the  vi rtual  camera  are  freel y changeable  during  pol ygon  rendering .  The  free  eye  poin t  
is  fu l l y changeable  to  any viewing  perspective  wi th in  the  3D  projection  surface.  Posi ti on ing  of 
the  vi rtual  eye  poin t i s  accompl ished  by chang ing  the  vi rtual  camera  parameter i n  re lation  to  
the  car's  surround ings  and  the  d riving  s i tuation .  Thus,  the  real -time rendering  of the  video  
image,  ti ed  between  i nd ividual  eye  poin ts ,  i s  capable  of smooth l y chang ing  by the  conti nuous  
chang ing  of these  vi rtua l  camera  parameters.  

5 Camera configuration  

5.1  Camera  

The lens  of the  camera  shou ld  be  i sotropic  and  have  a  rotary symmetric d is tortion  
characteristic i n  an  optional  axis .  The  detai ls  are  described  in  Annex B .  

5.2  Lens  d istortion  data  

Lens  d istortion  data  shou ld  be  i nput during  cal ibration .  Lens  d istortion  data  shou ld  be  
arranged  as  the  coord inate  data  of the  he ight of rea l  image correspond ing  to  the  incidence  
ang le  value,  i n  ascend ing  order.  The  type  of l ens  d istortion  data  incorporates  both  rotational l y 
symmetric l enses  and  non-rotational l y symmetric l enses.  

5.2. 1  Distortion  data of rotational ly symmetric  l ens  

Distortion  data  of rotational l y symmetric  l enses  is  described  i n  F igure  6.  I t  i s  composed  of the  
ang les  of i ncidence (a1  and  a2)  between  the  optical  axis 's  cen tre  and  their d is tances  (d1  and  
d2)  from  the  cen tre.  The  d istortion  data  format of a  rotational l y symmetric  l ens  is  described  i n  

F igure  7 .  

 

Figure 6  – Distortion  data of a  rotational ly symmetric  l ens  
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Figure 7  – Distortion  data format of a  rotational ly symmetric lens  

5.2.2  Distortion  data of non-rotational ly symmetric l ens  

Distortion  data  of non-rotational l y symmetric l ens  types  is  described  i n  F igure  8 .  I t  i s  
composed  of an  ang le  of i ncidence  (pan  ang le  and  ti l t  ang le)  and  the  l ocation  (x ,y)  on  the  

imag ing  e lement.  The  d i stortion  data  format of a  non-rotational l y symmetric l ens  i s  described  
i n  F igure  9 .  

 

Figure 8  – Distortion  data  of a  non-rotational ly symmetric l ens  
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Figure 9  – Distortion  data format of a  non-rotational ly symmetric  l ens  

5.3  Optical  axis  sh i ft  data  

Optical  axis  sh i ft  data  shou ld  be  used  at  ca l i bration .  Optical  axis  sh i ft i ncl udes  optica l  axis  
sh i ft of camera,  sh i ft by AD  or DA convers ion  and  sh i ft  from  i deal  capture  image.  The  optical  
axis  sh i ft ad justs  the  amount of sh i ft  from  the  centra l  coord inates  us ing  the  captu red  image’s  
wid th  and  height as  an  input.  Optical  sh i ft  data  that  shou ld  be  matched  on  the  texture  
coord inate  i s  described  i n  F igure  1 0 .  The  format of optical  sh i ft  data  i s  described  i n  F igure  1 1 .  

 

Figure 1 0  – Texture normal ization  coord inate  at  
the  centre  of each  optical  axis  
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Figure 1 1  – The  format  of optical  sh i ft  data  

6 Rendering  

6.1  General  

The composi te  view data  shou ld  be  des igned  by the  camera  ECU  manufacturer beforehand .  
I n  rea l  time,  the  composi te  view is  rendered  us ing  the  camera  parameter generated  i n  
Annex C  based  on  the  pre-des igned  composi te  view data.  For every composi te  view data,  the  
fol lowing  data  and  parameters  shou ld  be  set:  

– 3D  proj ection  surface  data,  

– capture  spec data,  

– convers ion  of eye  poin t parameter,  

– vi rtua l  3D  image  car model  data,  

– gu ide  l i ne  and  b i tmap  data,  

– l ayout data  and  l ayer setting  data.  

6.2  Composite  view data  

6.2. 1  3D  projection  surface  data  

3D  projection  surface  examples  are  described  i n  F igure  1 2 .  They shou ld  be  des igned  
depend ing  on  the  car's  s i ze,  the  car's  shape and  the  vi rtual  eye  poin t i n  every composi te  view 
data.  

 

Figure 1 2  – 3D  projection  surface data  

6.2.2  Capture  s ize  

Capture  s i ze  i nd icates  an  effective  pixe l  s i ze  of each  camera  and  shou ld  be  determ ined  based  
on  the  resolu tion  of the  cameras  used .  The  capture  speci fication  data  format is  described  i n  
F igure  1 3.   
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Figure 1 3  – Capture  specification  data  format  

6.2.3  Conversion  of eye  poin t parameter 

The  vi rtua l  eye  poin t shou ld  be  fixed  in  every composi te  view depend ing  on  camera  ang le,  
pos i tion  and  scal i ng .  The  pos i tion  of the  poin t  of view,  the  d i rection  of view and  the  scope  of 
view,  are  i n terpolated  before  and  after chang ing .  Therefore,  the  d ri ver can  instan tl y recogn ize  
from  what pos i tion  he  is  viewing  h is  care  and  qu ickly respond ,  i f necessary,  to  ensure  the  
correct posi tion .  The  camera  ang le  i n  the  conversion  of eye  poin t  i s  described  i n  F igure  1 4 .  
Camera  pos i ti on/scal ing  i n  convers ion  of eye  poin t  i s  described  in  F igure  1 5.  

 

Figure 1 4 – Camera ang le  in  conversion  of eye  point  
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Figure 1 5 – Camera posi tion/scal ing  in  conversion  of eye  point  

6.2.4  Vi rtual  3D  image  car model  data  

Virtual  3D  image  car model  data  shou ld  be  designed  wi th  real  d imensions  based  on  the  
ci rcumscription  quadrang le  of the  camera's  mounting  posi tion  fixed  i n  Annex A.  The  
transm ittance  of vi rtual  3D  image car model  data  shou ld  be  set i n  every composi te  view data.  
Vi rtual  3D  image car model  at  ori g inal  d imensions  i s  shown  i n  F igure  1 6.  Vi rtual  3D  image  car 
model  at  real  d imensions  is  shown  in  F igure  1 7.  

 

Figure 1 6  – Virtual  3D  image  car model  at  orig inal  d imension  
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Figure 1 7  – Virtual  3D  image  car model  at  real  d imension  

6.2.5  Gu ide l ine  and  bi tmap  data  

An  example  of gu ide  l i nes  for ou tl in ing  the  pos i ti on  of the  car and  b i tmap for h igh l i gh ting  the  
vi rtual  eye  poin t  i s  shown  in  F igure  1 8.  The  gu ide  l i ne  and  b i tmap  data  shou ld  be  added  for 
GU I  improvement.  

 

Figure 1 8  – Gu ide  l i ne  and  b i tmap  data  
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6.2.6  Layout data  and  l ayer setting  data  

Layou t data  and  l ayer setting  data  shou ld  be  designed  i n  every composi te  view data.  Layou t  
data  shou ld  be  defined  by the  camera  image  coord inate  system  (described  in  F igure  1 9) ,  
screen  coord inate  system  (described  i n  F igure  20)  and  obj ect coord inate  system  (described  i n  
F igu re  21 ).  The  camera  image  coord inate  system  deals  wi th  an  actual  camera  image.  I ts  s ize  
is  the  i npu t s ize  of an  actual  camera  image.  The  screen  coord inate  system  deals  wi th  an  
object  on  an  actual  screen  and  can  layou t two  or more  objects  i n  the  screen .  The  object 
coord inate  system  deals  wi th  separate  objects  respectivel y i n  the  coord inate  system .  The  
re lation  of l ayou t data  and  l ayer setting  data  i s  described  i n  F igure  22.  

 

Figure 1 9  – Camera image coord inate  system  

 

Figure 20  – Screen  coordinate  system  
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Figure 21  – Object  coordinate  system  

 

Figure 22  – Layout data  and  layer setting  data  
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Annex A 
(informative)  

 
Camera mounting  to  the car 

A.1  Camera mounting  posi tion  

Each  camera  shou ld  be  moun ted  on  the  ou tside  edge  of the  car to  avoid  the  body of car 
shu tti ng  ou t  the  camera  views.  The  fron t and  rear facing  cameras  shou ld  be  a l igned  as  near 
to  the  left  to  ri gh t  cen tre  l i ne  as  poss ible .  The  left  and  ri gh t  s i de  cameras  shou ld  be  a l i gned  as  
near to  the  front  to  rear cen tre  l ine  as  poss ib le .  

 

Figure A. 1  – Camera  mounting  posi tion  

A.2  Camera mounting  height  

Each  camera  shou ld  be  mounted  at a  he igh t of more  than  60%  of the  height  of the  car's  body.  
The  four cameras  shou ld  be  mounted  at  the  same  he ight to  preven t a  d ispari ty i n  the  pos i ti on  
of the  subject i n  the  composi te  view at the  border area  between  the  cameras.  I ncreas ing  the  
height gap  between  the  cameras  a lso  i ncreases  the  paral l ax between  the  cameras.  The  
camera  mounting  he igh t shou ld  be  ad justed  to  decrease  the  paral l ax between  the  cameras  as  
much  as  poss ib le.  The  mounting  height  of the  four cameras  i s  shown  i n  F igure  A. 2 .  

 

Figure A.2  – Camera  mounting  height  

A.3  Camera mounting  angle  

The mounting  ang le  of each  camera  shou ld  be  ad justed  so  that the  ang le  for each  camera  (x ,  
y,  z  angu lar pos i tion) ,  shal l  be  set such  that the  combined  360°  composi te  image can  be  
ach ieved  re lati ve  to  the  road  surface.  Once the  mounting  ang le  of each  camera  i s  set,  i t  
shou ld  then  be  fixed  in  the  cal ibration  process  (see  Annex C).  The  mounting  ang les  of the  
four cameras  are  shown  i n  F igure  A. 3.  
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Figure A.3  – Camera  mounting  ang le  
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Annex B  
(informative)  

 
Camera field  of view 

The horizon ta l  view ang le  of the  camera  shou ld  be  more  than  1 80° .  The  vertical  view ang le  of 
the  camera  shou ld  be  more  than  1 30° .  
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Annex C  
(informative)  

 
Camera cal ibration  

Camera  cal i bration  i s  shown  i n  F igure  C. 1 .  The  mounting  posi tions  and  ang les  for the  four 
cameras  shou ld  be  calcu lated  by us ing  l ens  d istortion  data  and  optica l  axi s  sh i ft  data  of the  
car coord inate  system .  I n  rea l  use  cases ,  mounting  pos i tions  and  ang les  for the  four cameras  
shou ld  be  ad j usted  for optim izing  the  composi te  views.  

– Mounting  posi tion :  x ,  y,  z  at  optical  centre  (mm) 

– Mounting  ang le:  t i l t  ang le  ψ,  rot ang le  φ ,  pan  ang le  θ  a t  optica l  axis  d i rection  (ang les  
measured  in  degrees)  

 

Figure C. 1  – Camera  cal ibration  
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Annex D  
(informative)  

 
Display 

D.1  Display specification  data  

Display speci fication  data  shou ld  be  fixed  i n  every composi te  view.  D isplay speci fication  data  
shou ld  be  determ ined  depend ing  on  the  resolu tion  of the  camera.  

D.2  Composite  view change mode  

Composi te  view change  mode  shou ld  be  fixed  beforehand .  The  trigger of the  composi te  view 
change  shou ld  be  designed  by:  

– user operation ,  

– CAN  i n formation .  
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Annex E  
(informative)  

 
Time behaviour 

E.1  Start-up time  

I t  needs  to  be  ensured  that the  manufacturer of the  camera  ECU  provides  i n formation  of the  
start-up  time of the  system .  The  s tart-up  time means  the  time from  power-on  i gn i ti on  to  the  
composi te  view being  d isp layed  on  the  mon i tor.  The  start-up  time shou ld  be  wi th in  1 0  s.  

E.2  Frame rate  

I t  needs  to  be  ensured  that the  manufacturer of the  camera  ECU  provides  i n formation  of the  
frame rate  of the  system .  The  frame rate  shou ld  be  more  than  30  fps.  

E.3  Latency 

The  camera  ECU  shou ld  have  a  sufficien tl y short  la tency i n  order to  render the  image  nearl y 
at  the  same time.  The  l atency shou ld  be  lower than  1 00  ms.  
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