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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CAR MULTIMEDIA SYSTEMS AND EQUIPMENT -
DRIVE MONITORING SYSTEM

Part 1: General

FUOREVWURD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardization,com

all

national electrotechnical committees (IEC National Committees). The object of IEC.is, to {

intgrnational co-operation on all questions concerning standardization in the electrical and electronic fig
this| end and in addition to other activities, IEC publishes International Standards, TechniCal Specifi
Tedghnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter' ‘referred to ap “IEC
Puflication(s)”). Their preparation is entrusted to technical committees; any IEC Natjgnal Committee int

in
go

he subject dealt with may participate in this preparatory work. International,~governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

with the International Organization for Standardization (ISO) in accordance! with conditions determi
agregement between the two organizations.

2) Thdg formal decisions or agreements of IEC on technical matters express{as nearly as possible, an interr|
consensus of opinion on the relevant subjects since each technical ¢committee has representation f
interested IEC National Committees.

3) IEQ Publications have the form of recommendations for international use and are accepted by I[EC N
Committees in that sense. While all reasonable efforts are made to ensure that the technical content
Pullications is accurate, IEC cannot be held responsible ‘for the way in which they are used or
misjnterpretation by any end user.

4) In

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

tranisparently to the maximum extent possible in Aheir national and regional publications. Any dive

bet
the

veen any |[EC Publication and the corresponding.national or regional publication shall be clearly indidg
latter.

5) IE(] itself does not provide any attestation ofConformity. Independent certification bodies provide cor]
assessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible

ser
6) Al

7) No
me
oth

ices carried out by independent certifieation bodies.
isers should ensure that they hayve‘the latest edition of this publication.

liability shall attach to IEC ar jts directors, employees, servants or agents including individual expe
nbers of its technical committees and IEC National Committees for any personal injury, property dan
er damage of any naturé, whatsoever, whether direct or indirect, or for costs (including legal fegq

expenses arising out of“the publication, use of, or reliance upon, this IEC Publication or any oth
Puflications.

8) Attgntion is drawn_to, the Normative references cited in this publication. Use of the referenced publica
indispensable fof)the correct application of this publication.

9) Attgntion is.drawn to the possibility that some of the elements of this IEC Publication may be the su

pat

The

ent rights=>EC shall not be held responsible for identifying any or all such patent rights.

ainy task of IEC technical committees is to prepare International Standarg
excepl‘l‘l_l—t—l_h_r—n—rﬁl_t_r_l_lona circumstances, a technical committee may propose the publication of a tec

specification when

prising
romote
Ids. To
ations,

brested
d non-
closely
hed by

ational
fom all

ational
of IEC
or any

cations
rgence
ated in

formity

for any

rts and
age or
s) and
er IEC

jons is

ject of

s. In
hnical

e the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

e the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 63033-1, which is a technical specification, has been prepared by IEC technical
committee 100: Audio, video and multimedia systems and equipment.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
100/2819/DTS 100/2877/RVDTS

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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INTRODUCTION

The drive monitoring system is a camera-based visual system enabling the car user to record
and view in real time the surrounding visual image of their vehicle from anywhere within a
360° surround view perspective. The purpose of this document is to specify the model for
generating the desired surrounding visual image of the drive monitoring system. Typically, the
drive monitoring system is defined by the audio-visual monitoring system requirements of the
car multimedia system and equipment.

To ensure the correct positioning of the car in relation to its surroundings, the rear-view
monitor for parking assistance, the blind spot monitor for displaying views of the blind spots,
and the bird’s-eye view monitor are used. Each drive monitoring system provides a different
viewppint to the car's driver. It’'s a heavy burden for a car driver to switch between [these
systems and quickly recognize the multiple fields of view. In addition, the fields~oD vigw are
limited to these camera systems which cannot freely change the eye point depénding ¢n the
driving situation. As a result, the usage cases for these types of systems’are limifed to
singular functions such as parking assistance. Furthermore, on commercialvehicles sych as
truckyg, buses and other special vehicles, ranging from construction to agricultural macHinery,
the ugage cases for these systems is even more limited. In these vehicle types, there|might
exist gituations in which no one is available to assist the driver in_properly ensuring thg car's
corregt and safe position.

To regolve these problems, the drive monitoring system provides the driver with the optimal
surroynd view image as constructed by the model explained in this document. It provides the
optimal viewpoint of the vehicle and its surroundings to~the driver for ensuring the car’g good
positipning in various driving situations (parking, turning, high traffic situations, etc.). This is
not oply true for passenger cars, but good positioning can also be quickly ensurg¢d for
commlercial vehicles and other special vehicles as*well.

Part 1 specifies the model for generating the 'surrounding visual image of the drive monitoring
system. Part 2 specifies the information sets that are provided by the drive monitoring system,
which| include recording methods for-that information and the actual visual images. Part 3
specifies the measurement methods)of surrounding visual images for the drive monitoring
syste



https://iecnorm.com/api/?name=b6b3b8af1408745b5a76fc5ff90f730a

IEC TS 63033-1:2017 © IEC 2017 -7-

CAR MULTIMEDIA SYSTEMS AND EQUIPMENT -
DRIVE MONITORING SYSTEM

Part 1: General

1 Scope

This Jocument specifies the model for generating the surrounding visual image of the] drive
monitpring system.

2 Normative references

There|lare no normative references in this document.

3 Terms, definitions and abbreviated terms

For thie purposes of this document, the following terms and definitions apply.

ISO apd IEC maintain terminological databases for dse' in standardization at the following
addrepses:

e |E[ Electropedia: available at http://www.electropedia.org/

e ISP Online browsing platform: available at.http://www.iso.org/obp

3.1 |Terms and definitions

3.11

car

any kind of powered wheeled vehicle

3.2
3D
came
CAN
GUI

4 S

4.1

Abbreviated terms
three-dimensional

a ECU  camera electronic control unit
controller area network

graphical user interface

TO T THTO oot

General

The system model of the drive monitoring system is described in Figure 1. Cameras, which
are mounted on the outside the car, capture the visual image of the environment outside the
car. The visual images are projected onto a virtual 3D projection surface that is then
displayed as a composite image onto the monitor. The images displayed can be rendered
from any viewpoint within the 3D projection surface, thus enabling the optimal viewing
perspective onto the display based on the scenario. The number of cameras required on
vehicles other than passenger cars may be more than four depending on the size and shape
of the car. This model defines a drive monitoring system with four cameras as typical for most
car type applications. The number of cameras used in generating each composite image may
change depending on the viewpoint. The mounting positions and angles for the four cameras
should be calibrated as per the method described in 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 monitori@ystem

Number of cameras and camera field of view <</C)
orizontal angle of view of the camera is described néslgure 2. Overlapping are

prizontal positioning — viewing angle of th?
views. The number of cameras a
ntal angle of view of the camera should b ermined such to ensure there are nd
In regards to the vertical angle of vie e tilt angle of the front and rear ca
WRear) is described in Figure 3. The:Blind spot of the vertical field of view will ¢
ding on the vertical and the tilt angle:(w) of the camera. The vertical angle of view
a and the tilt angle (@) should @a decided such to ensure that no blind spo
bted. The details are describe $Annex A.
\.

Horizontal angle
of right camera

Blind spot BI|nd spot

Q%

s and

spots on the horizontal field of view change dep&img on the number of cameras and
meras. Overlapping areas befween

d the
blind
meras
hange
of the
s are

i m—"

of fronf camera
of reall camera

Horizontal angle
Horizor taI angle

’@,@A@J

Horlzontal angle
of left camera

Figure 2 — Horizontal angle of view of the camera
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Vertica

Vertical angle

of rear camera

Langle
=

of fron

4.3

FolloWy
direct
came
surfag
then ¢
3D pr
gener
surfag

the projection image (P, coordinate of the 3D projection surface), is converted to one

(Pc c
came

camera \“—E-

Figure 3 — Vertical angles of view of the camera

Method for projecting visual image to 3D projection surface

ing the right-handed coordinate system, the length of the car‘iS)the Y, axis, the

bordinate of the camera coordinate system) based on the optics origin of the
as. This coordinate conversion is defined as:

£o=My_,cx By

IEC

width
on of the car is X, axis and the vertical direction is the'Z., axis. The vehicle's
as capture and generate a video image that is projected onto a virtual projection
e, with the road surface being at Z, = 0 (refer Figure 5). This virtual projection surface is
rojected onto a 3D projection surface as further desctibed in Figure 4 and Figure %. The
ojection surface that should be used is described{in Figure 4. Projecting the camera
bted image onto a 3D projection surface is described in Figure 5. The 3D projection
e should be a 3D sphere whose polygon model*is similar to a polyhedron. One pgint of

point
car's

Wher¢ M,,_,c is the coordinate conversion matrix to the car coordinate system, fixed Iy the
camefa mounted position and the angle for the car coordinates. Incident vector 7, when the
car's gamera photographs thesubject at position P is defined as:
F
Vo=
[Pel
The cpordinates of the car's camera image that records the subject of incident vector }; can

be ca}lculated by the internal parameter of the car's camera. Projecting the car's can

captu
four c

ed\composite image onto a 3D projection surface is realized by arranging the pix

ameras with the relations mentioned above.

heras’

els of
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IEC
Figure 4 — 3D projection surface
VirtuaMcamera
(virtual eye point)
I;I Virtual camera
- projection surface
e
Vehicle camera L —
Camera \ B

coordinate system e |

X
Zoar L\_Il Camera™
YCar
Projection imagse
Car coordinate 3D projection Subject P,
system surface Ec

Figure 5 — Projecting to 3D projection surface

4.4 Visualizing the projection image at free eye point

The virtual eye point is the ability to change viewing perspective anywhere within the 3D
projection. The polygon model constituting the 3D projection surface is visualized from any
virtual eye point. Visualizing the polygon model uses 3D computer graphics technology. The
texture image is the car's camera image updated at a video rate. The wrap around view image
is composed by performing the polygon rendering, which associates the image coordinate of
the car’s cameras with the polygon vertex as texture coordinates.
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4.5

Free eye point capability

The virtual eye (sometimes referred to as ‘free eye’) point parameters of direction and field of
view of the virtual camera are freely changeable during polygon rendering. The free eye point
is fully changeable to any viewing perspective within the 3D projection surface. Positioning of
the virtual eye point is accomplished by changing the virtual camera parameter in relation to
the car's surroundings and the driving situation. Thus, the real-time rendering of the video
image, tied between individual eye points, is capable of smoothly changing by the continuous

chang

5 C

ing of these virtual camera parameters.

amera configuration

5.1

The
chara

5.2

Lens

Camera

ens of the camera should be isotropic and have a rotary symmetric disfortion

Cteristic in an optional axis. The details are described in Annex B.

Lens distortion data

distortion data should be input during calibration. Lens Adistortion data should be

angle|value, in ascending order. The type of lens distortion data,incorporates both rotati

symm

5.2.1

Distor
angle
dy) frg
Figure

d2 =d
from

arranLed as the coordinate data of the height of real image cerresponding to the inci

tric lenses and non-rotationally symmetric lenses.

Distortion data of rotationally symmetric lens

tion data of rotationally symmetric lenses is déscribed in Figure 6. It is composed
5 of incidence (a4 and a,) between the optical axis's centre and their distances (4

m the centre. The distortion data format.of a rotationally symmetric lens is descri
7.
a, = angle of incidence
d, = distance (angle between optional axis centre)
from-centre
Imaging element
. rl IR\ N . L - S U — —. ap = angle of incid
istance A LF (angle between op
centre i o 5 | axis centre)
. K /

Hence
pnally

of the
4 and
ped in

ence
ional

IEC

Figure 6 — Distortion data of a rotationally symmetric lens
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File identifier
Camera element size - [Width, Height]
Camera element dot pitch : [Dot pitch X, Dot pitch Y]
Number of array data ‘In]
Array definition - [Angle of incidence Height of real image]
(unit: degree) (unit: mm)
[3{: -
[
ER
[:
[

[-

C# ]

5.2.2

Distor
comp

in Fig

(x2,
locd
on im
eler

ire 9.

Distortion data of non-rotationally symmetric lens

tion data of non-rotationally symmetric lens types is described in Figure 8.
bsed of an angle of incidence (pan angle and tilt angle) and the location (x,y) ¢
imaging element. The distortion data format of a non-rotationally symmetric lens is des

:
[3'1—2
[3n4

[ EES P S -y —

IEC

Figure 7 — Distortion data format of a rotationally symmetriclens

(o9, ¥,) = angle of incidence

(x4, ¥1) = location
P (pan angle and tilt angle)

on imaging element

Imaging element

tion
aging
hent

>

[ T anp——

(o1, ¥4) =
angle of incidenceg
(pan angle and tilt an

Figure 8 — Distortion data of a non-rotationally symmetric lens

2017

It is
n the
cribed

le)

IEC
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File identifier
Camera element size
Camera element dot pitch:
Number of array data
(lines, rows)

Array definition

[# ]
- [Width, Height]

[Dot pitch X, Dot pitch Y]

[nm]

- 13—

(unit: degree) (unit: mm) (unit: mm)

(unit: degree)

- [Pan angle of incidence, Tilt angle of incidence Real image x coordinate, Real image y coordinate ]

[P.tnqmeny

St et S bt St bt b bl bt et b bt bt Sl

IEC
Figure 9 — Distortion data format of a non-rotationally symmetric lens
5.3 [Optical axis shift data
Optical axis shift data should be used at calibration® Optical axis shift includes opticqdl axis
shift gf camera, shift by AD or DA conversion and shift from ideal capture image. The gptical
axis ghift adjusts the amount of shift from the central coordinates using the captured injage’s
width |and height as an input. Optical shift.data that should be matched on the téxture
coord|nate is described in Figure 10. The format of optical shift data is described in Figufe 11.
tw
(0,0; 0,0) (0,5; 0,0) (1,(?; 0,0)
™
&\ + +
Front camera Rear camera
+ +
lertrcamera RIgNt Calfiera
th ¥
(0,0; 1,0) (0,5; 1,0) (1,0; 1,0)

IEC

Figure 10 — Texture normalization coordinate at
the centre of each optical axis
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File identifier e
Front camera - [(Texture normalization (Texture normalization (Pixel expansion rate  (Pixel expansion rate ]
tw coordinate at each th coordinate at each at horizontal direction), at vertical direction)
camera optical axis center), camera optical axis center),
Rear camera | ]
Left camera | ]
Right camera | ]
IEC
Figure 11 — The format of optical shift data
6 ndering
6.1 |General
The cpmposite view data should be designed by the camera ECU manufacturer beforghand.
In real time, the composite view is rendered using the camera parameter generafed in

Anne>
follow

- 30

— Ca

- C

— vintual 3D image car model data,

- g
- lay
6.2
6.2.1

3D p
depen
data.

C based on the pre-designed composite view data. For every composite view dafa, the

ng data and parameters should be set:

projection surface data,
ture spec data,

version of eye point parameter,

ide line and bitmap data,

out data and layer setting data.
Composite view data
3D projection surface data

ojection surface examples are described in Figure 12. They should be des

igned

ding on the car's size, the car's shape and the virtual eye point in every composit¢ view

6.2.2

Figure 12 — 3D projection surface data

Capture size

IEC

Capture size indicates an effective pixel size of each camera and should be determined based
on the resolution of the cameras used. The capture specification data format is described in
Figure 13.
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J[ (Color space) ]
(

camera

Right camera

6.2.3

The v

Figure 13 — Capture specification data format

Effective horizontal pixel size) x (Effective vertical pixel size)

Conversion of eye point parameter

irtual eye point should be fixed in every composite view depending on camera

[ Ty —

IEC

hngle,

positipn and scaling. The position of the point of view, the direction of view and’the scope of

view,
from

correq
Came

Ira position/scaling in conversion of eye point is described in Figur&15.

Figure 14 — Camera angle in conversion of eye point

are interpolated before and after changing. Therefore, the driver can instantly recq
what position he is viewing his care and quickly respond, if necessany, to ensu
t position. The camera angle in the conversion of eye point is described in Figu

IEC

gnize
e the

re 14.
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Figure 15 — Camera position/scaling in conversion of eye point

6.2.4 Virtual 3D image car model data

Virtual 3D image car model data should be designed) with real dimensions based dn the
circumscription quadrangle of the camera's mounting position fixed in Annex A| The
transmittance of virtual 3D image car model data.should be set in every composite view data.
Virtual 3D image car model at original dimensions is shown in Figure 16. Virtual 3D image car

mode| at real dimensions is shown in Figure 7.

terial Editor
Il LE) WEE F=rD ALTH

Figure 16 — Virtual 3D image car model at original dimension
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6.2.5

An ex
virtua
GUI in

IEC

Figure 17 — Virtual 3D image car model at.real dimension

Guide line and bitmap data

eye point is shown in Figure 18. The guide line and bitmap data should be add
hprovement.

IEC

Figure 18 — Guide line and bitmap data

ample of guide lines for outlining the position of the car and bitmap for highlighting the

ed for
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6.2.6 Layout data and layer setting data

Layout data and layer setting data should be designed in every composite view data. Layout
data should be defined by the camera image coordinate system (described in Figure 19),
screen coordinate system (described in Figure 20) and object coordinate system (described in
Figure 21). The camera image coordinate system deals with an actual camera image. Its size
is the input size of an actual camera image. The screen coordinate system deals with an
object on an actual screen and can layout two or more objects in the screen. The object
coordinate system deals with separate objects respectively in the coordinate system. The
relation of layout data and layer setting data is described in Figure 22.

- The upperf left of image is an angle
- Only X"and Y coordinates
- Unit: pixel

1EC

Figure 19 — Camera image coordinate system

Object 1

h ObJeCt 2

IEC

Figure 20 — Screen coordinate system
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- The upper left of object is an angle
- Only X and Y coordinates
- Unit: pixel

EC

Figure 21 — Object coordinate system

Composite

Layer D

Layer 2

IEC

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

Camera mounting to the car

A.1 Camera mounting position

Each camera should be mounted on the outside edge of the car to avoid the body of car
shutting out the camera views. The front and rear facing cameras should be aligned as near
to the left to right centre line as possible. The left and right side cameras should be aligned as
near tp the front to rear centre line as possible.

IEC

Figure A.1 — Camera mounting position

A.2 | Camera mounting height

Each pamera should be moufited at a height of more than 60% of the height of the car's|body.
The four cameras should be mounted at the same height to prevent a disparity in the pgsition
of the| subject in the composite view at the border area between the cameras. Increasing the
heigh{ gap between.-the cameras also increases the parallax between the camerag. The
camera mounting height should be adjusted to decrease the parallax between the camefas as
much [as possible®The mounting height of the four cameras is shown in Figure A.2.

IEC

Figure A.2 — Camera mounting height

A.3 Camera mounting angle

The mounting angle of each camera should be adjusted so that the angle for each camera (x,
v, z angular position), shall be set such that the combined 360° composite image can be
achieved relative to the road surface. Once the mounting angle of each camera is set, it
should then be fixed in the calibration process (see Annex C). The mounting angles of the
four cameras are shown in Figure A.3.


https://iecnorm.com/api/?name=b6b3b8af1408745b5a76fc5ff90f730a

IEC TS 63033-1:2017 © IEC 2017 -21-



https://iecnorm.com/api/?name=b6b3b8af1408745b5a76fc5ff90f730a

- 22 - IEC TS 63033-1:2017 © IEC 2017

Annex B
(informative)

Camera field of view

The horizontal view angle of the camera should be more than 180°. The vertical view angle of
the camera should be more than 130°.
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