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Foreword

ISO (the Inter

national Organization for Standardization) is a worldwide federation of national standards bodies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the

International |
International §
The main tas
adopted by t

International §

Attention is d
rights. ISO sh|

ISO 4513 was

This third ed
revised.

Flectrotechnical Commission (IEC) on all matters of electrotechnical standardization.

btandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
k of technical committees is to prepare International Standards. Draft International Standards
he technical committees are circulated to the member bodies for voting<Publication pas an

btandard requires approval by at least 75 % of the member bodies casting 3 vote.

awn to the possibility that some of the elements of this document may be the subject of patent
all not be held responsible for identifying any or all such patent rights.

prepared by Technical Committee ISO/TC 22, Road vehiclés, Subcommittee SC 17, Visiblility.

tion cancels and replaces the second edition (ISO 4513:2003), which has been techhically
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Introduction

513:2010(E)

This International Standard describes the eyellipse, a statistical representation of driver eye locations, which is
used to facilitate design and evaluation of vision in motor vehicles. Examples of eyellipse applications include
rearview mirror size and placement, wiped and defrosted areas, pillar size and location, and general exterior
field of view. These applications are covered in other SAE and ISO practices.

This revision of the eyellipse is the most significant update to 1ISO 4513 since its inception-]
differ from the previous eyellipses in the following ways:

New gdditions, incorporated as annexes, are summarized as follows.

the axis angles in plan view and rear view are parallel to vehicle grid;

the side view X-axis angle is tipped down more at the front;

—h
o

r the 95th percentile eyellipse (99th shown in parentheses):

—_

the X-axis length is 7,5 (18,9) mm longer,

2) the Y-axis is 44,6 (63,6) mm shorter,

3) the Z-axisis 7,4 (10,1) mm longer;

the centroid location is generally higher and more rearward;

the centroid location in side view is a function of packaging geometry (SgRP, steering w
seat cushion angle, and the presence or absence of a clutch pedal);

the eyellipse is no longer positioned,aceording to the driver's torso angle;

the eyellipse for seat tracks shorter than 133 mm in length has an X-axis length ung
I$0O 4513:2003. The Y- andZsaxis lengths, and the centroid location, are based on the ng
efjuations given in this International Standard;

neck pivot (P) and eye”(E) points are based on the previous plan view sight lines to rearvie
Albpillars, but are adjusted to the shape and location of the new eyellipses.

Fixed seat*eyellipses for an adult user population at a 50/50 gender mix and 95th and 9
gngent(cut-offs are described (see Annex B). Fixed seat eyellipses and their locating equd
Anhexes B and C are based on data for second row passenger eye locations presented

he eyellipses

heel location,

hanged from
w values and

W mirrors and

Oth percentile

tions given in

by UMTRI. In

adjustable seat track travel or adjustable back angle.

addition, a procedure is provided in ANnNex B for locating an eyellipse in a second row seat that has

A procedure is given for calculating adjustable and fixed seat eyellipses for any user population stature

and gender mix at selected percentile tangent cut-offs (see Annexes A and C).

Tables providing comparisons between tangent cut-off eyellipses and inclusive eyellipses are given. An

inclusive eyellipse can be constructed using these tables (see Annex D).

Eyellipses for Class B vehicles are unchanged from 1SO 4513:2003 (see Annex E).

© 1SO 2010 — All rights reserved
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INTERNATIONAL STANDARD ISO 4513:2010(E)

Road vehicles — Visibility — Method for establishment of

eyellipses for driver's eye location

1 cope

This International Standard establishes the location of drivers' eyes inside a vehicle\Ellipti
models in three dimensions are used to represent tangent cut-off percentiles ofi-driver e
Procefdures are provided to construct 95th and 99th percentile tangent cut-off eyellipses for a
mix, adult user population.

Neck pivot (P) points are defined to establish specific left and right eye points for direct and in
tasks described in SAE J1050. These P points are defined only for adjustable seat eyellipses.

This International Standard applies to Class A vehicles (passenger ears, multipurpose passenge
light tqucks) as defined in SAE J1100. It also applies to Class B vehicles (heavy trucks).

2 Normative references

The fpllowing referenced documents are indispensable for the application of this docume
references, only the edition cited applies. For_undated references, the latest edition of th
document (including any amendments) applies:

ISO 6p49, Road vehicles — Procedure for - and R-point determination

SAE J1100, Motor Vehicle Dimensions

3 Terms and definitions
For the purposes of this document, the following terms given in ISO 6549 apply:

a) H-point;

b) seatingreference point, SgRP.

al (eyellipse)
ye locations.
50/50 gender

direct viewing

- vehicles and

ht. For dated
e referenced

11100 annl:
— SPPYY

1) ball of foot reference point (BOFRP);
2) accelerator heel point (AHP);

NOTE For applications using the H-point machine described in ISO 6549, the term “operator heel
instead of “accelerator heel point”.

3) Class A and Class B vehicles;
4) H-point travel path, TL23, TH21;

5) A19 — Seat track rise;

© 1SO 2010 — All rights reserved
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6) H30 — Seat height;

7) L6 — Ball of foot reference point (BOFRP) to steering wheel centre.

For the purposes of this document the following definitions apply.

3.1

eyellipse

contraction of the words “eye” and “ellipse” used to describe the statistical distribution of eye locations in

three-dimensional space located relative to defined vehicle interior reference points

See Figure 1

Key
X,Y,Z ellipge axes

Figurp 1 — Typical three-dimensional tangent cut-off eyellipse for the left and right eyes

3.2
cyclopean eye point
mid-eye point
midpoint between left and'right eye points or left and right eyellipse centroids at centreline of occupant

3.3
tangent cut-<rff plane
plane tangenttoameyettipse

NOTE When projected at a specified angle or on to a specific target, a tangent cut-off plane can be considered to be
a sight plane. In a two-dimensional view, a sight plane can be considered to be a sight line (see Figure D.1).

3.4

tangent cut-off eyellipse

three-dimensional eyellipse derived as the perimeter of an envelope formed by an infinite number of planes
dividing the eye locations so that P % of the eyes are on one side of the plane and (100 — P) % are on the
other

See Annex D.

2 © 1SO 2010 — All rights reserved
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3.5

neck pivot point

P point

point about which a driver's head turns on a horizontal plane

See Figure 2.

3.6

point P1

point P2

neck (head) pivot points used to position eye points for measuring the driver binocular obstruction due to
A-pillars at the left and right side of the vehicle

See Fjgure 2.
3.7
point(P3
point (P4
neck {head) pivot points used to position eye points for measuring driver field-ef view from rearview mirrors
located to the left and right of the driver
See Fjgure 2.
Dimensior}s in millimetres
\D_
SN
E $P4
—L 1
1 %_PS
m .
~ |
191 ‘
|
a) Plan view
1 | 191 i
Sl ]
o~
o~ .
K $P3, P4
m—
<
~N
Key

1 mid-eye centroid b) Side view

NOTE Eyellipses are shown for reference purposes only.

Figure 2 — P point locations relative to 95th percentile eyellipse mid-eye centroid
with seat track travel >133 mm

© 1SO 2010 — All rights reserved 3
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3.8
eye point
E point

point representing an eye of the driver, used in conjunction with a neck pivot point to describe specific viewing

tasks

See Figure 3.

Dimensions in millimetres

65

32,5

Key
EL
Er
P

left eye
right eye
neck pivot

3.9
inclusive eye
eyellipse that

4 Adjustable seat 95th and 99th)percentile tangent cut-off eyellipses for a

50/50 male

4.1

These eyellip
mix shall be u

Reference anthropometry

a) Plan view b)\/Side view

1
2

driver head centreline
line, viewed endon, between E| and Eg
point

Figure 3 — Neck pivot point and@ssociated eye points

llipse
contains a specified percentage of.drivers' eyes within its boundaries

and female gender 'mix

5es are basedion the user populations described in Table 1. Driver eyellipses for a 50/50 d
sed for designing Class A vehicles.

Table 1 — Reference anthropometry (see Reference [17])

pimensions in millimetres

Gender Mean stature Standard deviation of stature
Male 1755 74,2
Female 1618 68,7

N

95th and 5th percentiles by the difference in z-scores (3,29).

OTE Standard deviations for each gender were estimated by dividing the difference between the

ender

The 95th and 99th percentile tangent cut-off eyellipses for a 50/50 gender mix are constructed from tables and
equations given in 4.2 to 4.3.2. These eyellipses are applicable to driver and front outboard passenger seat

locations.

© 1SO 2010 — All rights reserved
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4.2 Axis lengths

Axis lengths are given in Table 2 (see Figure 4).

Table 2 — Left and right eyellipse axis lengths (true view)

Seat track travel Percentile X-axis length Y-axis length Z-axis length
(TL23)

mm mm mm mm
>133 95 206,4 60,3 93,4
99 287,1 85,3 1321
100 to 133 95 173,82 60,3 93,4
99 24218 85,3 132,1

@  For seat track travels of 100 mm to 133 mm, the eyellipse X-axis length is unchanged {from 1SO 4513:2Q03. No

new eye position data were collected for these shortened seat track travels.

b) Side view c) Rear view

Key
Xa | |X-axisdength
Ya 1 |Yeaxis length
Z, | Z-axisTengm

Figure 4 — Adjustable seat tangent cut-off eyellipse for one eye, three views
4.3 Axis angles

4.3.1 Rear and plan view angles

The eyellipse is aligned with the vehicle axes in plan view (Z-plane) and rear view (X-plane), but it is tilted
down at the front in side view (Y-plane).

© 1SO 2010 — All rights reserved 5
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4.3.2 Side view angle, S

In side view, the angle, g, in degrees (positive, tipped down at the front from horizontal), of the eyellipse is:

=120

4.4 Centroid locations

4.41 Locating equations

to (5) are used to calculate the eyellipse centroid location (see Figure 5)

(1)

Equations (2)

+ 664 + 0,587 L6 - 0,176 H30 - 12,5 t

20 - 32,5

20+32,5

+ 638 + H30

L1 is {he x-coordinate of the BOFRP;

L6 s fhe x distance from the steering wheel centre to the BOFRP;

H30 is fhe z distance of the SgRP from the AHP;

t is {he transmission type (1 with clutch pedaly0-without clutch pedal);

W20 is the y-coordinate of the SgRP;

H8 is {he z-coordinate of the AHP.

4.4.2 Seats

For driver seg
positioned at
the full down

with vertical adjustment

ats having verticah adjustment, Equations (2) to (5) were developed with H30 (and
the middle of the\vertical adjustment range. Typically this was 20 mm to 25 mm vertically
H-point travel path (Figure 5). If manufacturers define their SgRP so it is not 20 mm abo

driver's full dpwn H-point\travel path, the accuracy in locating the vertical position of the eyellipse usi

manufacturer
than 40 mm,
and full down

s H30 dimension in Equation (5) is reduced. If the H-point vertical adjustment (TH21) i
hen H30 and the eyellipse Z centroid should be located from a point midway between the
travel path.

(2)
©)
(4)
(®)

BgRP)
above
ve the
g the
5 less
full up

© 1SO 2010 — All rights reserved
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Xc

L1 L6 \

Zc
w
«Q
Y
T
b

| ‘Q
H8
=~ ™~
TH21

|
! L31 4
1
Key
A19 seat track rise TL23 seat track travel
AHP | accelerator heel point W20 y-coordinate of the SQRP
BOFRP ball of foot reference point X: x-coordinate of the eyellipse centrgid location
H8 z-coordinate of the AHP Y¢yel Mid-eye y-coordinate
H30 z distance of the SgRP from the - AHP Z. z-coordinate of the eyellipse centrgid location
L1 x-coordinate of the BOFRP yij side view angle
L6 x distance from the steering wheel centre to BOFRP 1 zero X grid
L31 x-coordinate of the SgRP 2 zero Y grid
SgRP | seating reference point 3 zero Z grid
TH21 | H-point verti¢al-adjustment 4 H-point travel path

Eigure 5 — Eyellipse package factors, side view axis angle and centroid locatign

4.4.3 | Left, right, mid-eye centroids

The distance between the left eye centroid, Y, , and right eye centroid, Y_g, is 65 mm. The mid-eye
(cyclopean eye), chcl, is located on the occupant centreline at W20.

5 Eyellipse locating procedure, Class A vehicles
The steps in the procedure are:
a) determine seat characteristics A19, W20, H30, TL23;

b) determine H8 and L6;

© 1SO 2010 — All rights reserved 7
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c) determine t based on the percentage of vehicle production that has a clutch pedal — if 50 % or more of
anticipated production has a clutch pedal, set t = 1. Otherwise, set t = 0;

d) construct identical left and right eyellipses based on the axes given in Table 2;

e) locate the centroids using Equations (2) to (5);

f)  tilt the front of the eyellipse X-axis down in side view according to Equation (1).

6 Neck pivot (P) and eye (E) points: locating procedure, Class A vehicles"

6.1 Backgl'ound

These points
eye rotation i
so the left an
derived from

constructed t¢ a forward target (A-pillar or exterior rearview mirror). Each P point was derived so that

and right eye
eyellipse. P p

6.2 Neck

Locate these

(see Figure 2).

The X, Y and
point location

Tabje 3 — Neck pivot points relative to.the 95th percentile eyellipse mid-eye centroid

are defined to simplify application of the eyellipse for specific viewing tasks requiring heg
plan view (see SAE J1050). Neck pivot (P) points provide a plan view head rotation pivot
1 right eye (E) points can be repositioned for these specific viewing tasks.;These P poin
a 95th percentile, 50/50 gender mix eyellipse. To determine the P(ppints, tangents

points were as close as possible to a tangent point on the surface’ of a 3D 95th per
bints were not developed for the 99th percentile eyellipse.

)ivot (P) points

points relative to the cyclopean (mid-eye) eyellipse, centroid using values given in T|

Z values in Table 3 may be added to Equatiéns (2), (3), (4) and (5), respectively, to ob
5 relative to the vehicle grid.

d and
centre
ts are
were
ts left
centile

able 3

tain P

Dimensions in millimetres

Seat track travel | Neck pivot point X Y Y V4

(TL23) (P points) (Left-hand drive) | (Right-hand drive)

>133 P1 0 -7,3 +7,3 -20,5

>133 P2 26,2 +20,6 -20,6 -20,5

>133 P3 191,0 -11,2 +11,2 +22,5

>133 P4 191,0 +11,2 -11,2 +22,5

<133 P1 16,3 -7,3 +7,3 -20,5

<133 P2 39,2 +20.6 —20.6 —20.5

<133 P3 175,0 -11,2 +11,2 +22,5

<133 P4 175,0 +11,2 -11,2 +22,5
NOTE Positive values of X are rearward of the centroid, positive values of Y are right of the centroid and positive values of Z are
above the centroid.

1) P points cited in regulations differ from those in 6.1 if the regulations are based on 1SO 4513:2003 or before. Use the regulatory P
points for compliance purposes.

© 1SO 2010 — All rights reserved
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6.3 Eye (E) points

Position the eye (E) points relative to the P points as shown in Figure 3 and the following equations:

E, =P, -98 (6)
EL =P, -325 (7
Egr =P, +325 (8)
=P 9)
where
P, is the x-coordinate of the P point;

Pl, is the y-coordinate of the P point;
P, is the z-coordinate of the P point;
is the x-coordinate for the left and right eye point;
El, is the z-coordinate for the left and right eye point;
E} is the y-coordinate of the left eye;

is the y-coordinate of the right eye.

© 1SO 2010 — All rights reserved 9


https://standardsiso.com/api/?name=a8870560f1857d1ab7b134b7b712a00a

ISO 4513:2010(E)

Annex A
(informative)

Adjustable seat tangent cut-off eyellipses for any user population stature

A.1 Gener,
In this annex,
standard pop
different, or a
for gender mi
population, th
A.2 Axis a

The eyellipse
side view (Y-f

B =186

where A19 is

A.3 Refereg

A.3.1 Localing equations

distribution and gender mix

al
a procedure is given for constructing eyellipses for driver populations that are differentfrq
Ilation listed in Table 1, because the underlying stature distribution is different, the gender
different tangent cut-off contour is desired. The user can apply the equations given in this

kes containing 10 % to 75 % females. For larger or smaller percentages of fémales in the
e eyellipse side view axis angle and centroid Z location are incorrect.

ngles

is aligned with the vehicle axes in plan view (Z-plane) and<ear view (X-plane), but it is ti
lane). In side view the angle of the eyellipse is given in Equation (A.1) (see Figure 5).

-A19

the seat track rise angle.

nce centroid location

m the
mix is
annex
driver

ted in

(A1)

The referencé centroid for the normative part of this International Standard, calculated using Equationg (A.2)
to (A.4), is lbased on a driver population defined by NHANES IIl anthropometry (Reference [17]) and
consisting of p0 % males and 50/ females (see Table 1). The mean stature for this reference population is
1686 mm. A.b describes how to.adjust these equations for other national driver populations.

Xeref = U1+ 664 +0,58716 -0,176 H30 -12,5 t (A.2)

Yeref = W20 (A.3)

Z cref = H84638 +H30 (A.4)
where

L1 is the x-coordinate of the BOFRP;

L6 s the x distance from the steering wheel centre to the BOFRP;

W20 is the y-coordinate of the SgRP;

H8 s the z-coordinate of the AHP;

H30 is the z distance of the SgRP from the AHP;

10

is the transmission type (1 with clutch pedal, 0 without clutch pedal).

© 1SO 2010 — All rights reserved
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Seats with vertical adjustment

For driver seats having vertical adjustment, Equations (A.2) to (A.4) were developed with H30 defined
approximately 20 mm above the driver's full down H-point travel path (see Figure 5). If manufacturers define
their SgRP at a vertical position that is not 20 mm above the full down H-point travel path, the accuracy in
locating the vertical position of the eyellipse is reduced. If the H-point vertical adjustment (TH21) is less than
40 mm, then H30 and the eyellipse Z centroid should be located from a point midway between the full up and
full down travel path.

A.4 Axis lengths

A41

In this
length

X-axis length

section the term side view axis length refers to the true length of the eyellipse X=axis, not
in side view. Figures A.1 and A.2 illustrate the calculation of side view axis length.

X

ellipse X-axis
ale centroid
male centroid
ference centroid
arward

2

the horizontal

b A.1 — Side view location of.the male and female eye centroids relative to the reference centroid

Key
X e
1 m
2 fq
3 rd
4 e
Figur
Key
L
X
1
2 di
3
4

length of eyellipse X-axis
eyellipse X-axis
excluded fraction of males

stribution of male eye locations

distribution of female eye locations
excluded fraction of females

Figure A.2 — Determination of eyellipse X-axis end points and length

© 1SO 2010 — All rights reserved
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The location of drivers' eyes along the side view axis is related to their stature by a factor of 0,473. That is,
two drivers with stature differing by 10 mm have, on average, eyes located 4,73 mm apart along the side view
axis, with the taller driver rearward. Similarly, two populations with mean stature differing by 10 mm have, on
average, eyellipse centroids located 4,73 mm apart along the side view axis. Calculation of side view axis
length takes into account the eye location distributions of two sub-populations of each driver population, one
for males and one for females. Because males and females differ in average stature, their distributions also
differ in average location along the side view axis.

In addition, the variability of the underlying stature distributions should be taken into account. The process of
determining eyellipse X-axis length involves constructing the population eye location distribution along that
axis and then finding the upper and lower cut-off points that represent the boundaries of the eyellipse along
the side view_axis. The underlying distribution of eye locations in side view is a mixture of two normal
distributions, pne for males and one for females.

To simplify cglculation of the boundaries, the reference eye centroid calculated from Equations (A2)to (A.4) is
treated as the zero point along the side view axis, and the boundaries are calculated as Offsets frgm the
reference. Firgt, the centroids of the male and female eye distributions along the side view-eyellipse aixis, M
and F, respedtively, are calculated relative to the reference eye centroid using Equations (A:5) and (A.6)

M=0,473 (SM - SR) (A.5)
F=0,473(S,: —SR) (A.6)
where

Sy is tihe mean male stature;
Sg  is the mean female stature;
Sgr s tihe mean stature of the reference driver population.

The standard|deviation of each component distribution is calculated using Equations (A.7) and (A.8).

ogm = \P.4732 oy + 41,872 (A7)
oer = \0,4732 o2 + 41,872 (A.8)
where

ogm IS the standard'deviation of the male eye location distributions along the side view axis;

Ogf IS lhe standard deviation of the female eye location distributions along the side view axis;

oy is the standard deviation of the male stature distribution;
oF isthe standard deviation of the female stature distribution.

The two means and standard deviations define two overlapping normal distributions along the side view
eyellipse X-axis (see Figure A.2). These may then be used with Equations (A.9) and (A.10) to determine lower
(forward) and upper (rearward) eyellipse boundaries.

CF-M
OEM

CF—F] (A.9)

1-g=pm xd)[
OEF

]+(1_pm)xq{
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q:pMx@(CM_M]+(1—pM)x®(CM_FJ (A.10)
CEM OEF
where
py  is the proportion of males in the population;
CF is the forward boundary of the eyellipse along the side view axis, relative to the reference centroid;
CM is the rearward boundary of the eyellipse along the side view axis, relative to the reference
centroid:
q is the eyellipse cut-off percentile;
0 is the cumulative normal distribution;
M is the mean male eye centroid along the side view axis, relative to the reference centrpid;
F is the mean female eye centroid along the side view axis, relative'to’the reference certroid;
oy I8 the standard deviation of the male eye location distribution’along the side view axis
okr is the standard deviation of the female eye location distribution along the side view ax|s.
To find the upper and lower boundaries of the eyellipse aleng the side view axis, Equations (A|9) and (A.10)

should be solved iteratively for CF and CM. Breaking the“equation down, the portion inside parn

apped
femal
propo
exam
cut-of
These
femal

The I

NE

wherg

g

rs twice in each equation is the z-score of the lower or upper boundary with respect t
b eye position distribution (along the side view axis). The cumulative normal distributig
tion of the distribution that lies below (fofward) of the upper or lower boundary. In Equ3
ble, there is an expression for the proportion of the female population whose eyes lie be
, and an expression for the proportior’ of the male population whose eyes lie below the
proportions are then combined in.a weighted average based on the relative proportions
s in the driver population.

st step is to compute theX-axis length, X_ |, which is simply the difference between CM ar

a_l

a_| = CM—CF

F is theforward boundary of the eyellipse along the side view axis, relative to the referen

entheses that
b the male or
n returns the
tion (A.9), for
low the lower
lower cut-off.
of males and

d CF.

(A11)

Ce centroid;

nce centroid.

(1M is.the rearward boundary of the eyellipse along the side view axis, relative to the refere

A.4.2 Y- and Z-axis lengths

Since stature distribution does not affect axis length along the other two axes, their calculation is relatively
simple. The only variable is the eyellipse cut-off percentile. The distributions along these two axes are
modelled as single normal distributions with fixed standard deviations. Finding the axis endpoints is simply a
matter of using the inverse normal cumulative distribution to solve for the cut-off points that exclude the
appropriate proportion of the population. Equations (A.12) and (A.13) contain the specific formulae.

Vo= 18,34x[c1>—1 (q)-@~ (1-q)] (A.12)
Z, = 28,39><[<1>—1 (q)-@ (1 -q)} (A.13)
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where
q is t
o1 st

he eyellipse cut-off percentile;

he inverse cumulative normal distribution.

A.5 Final centroid location

The forward and rearward boundaries of the eyellipse X-axis were computed relative to the eyellipse
reference centroid. The boundaries may not be symmetrical around the reference centroid location. Thus, the

final centroid [Should be computed according 10 Equations (A.14) 1o (A.10). These equations place ing final
centroid in vehicle grid at the midpoint between the two side view axis cut-off points and along the)cenfreline
of occupant.
F+CM
Xe =Xcef+uxcosﬁ A.14)
Yo = Yorbs A.15)
Zo = Lot + cF ;CM in 3 A.16)
where
CF is the forward boundary of the eyellipse along the side*view axis, relative to the reference centfoid;
CM is the rearward boundary of the eyellipse along the‘side view axis, relative to the reference centroid.
A.6 Eyellipses for selected world populations
Stature valuep given in Table A.1 may be used to construct eyellipses for the specified populations by| using
the equations|given in this annex.
CAUTION —[These eyellipses have\not been verified by field testing.
Table A.1 — Population anthropometry
Dimensions in millimetres
Countny Gender Mean stature Standard deviation Mean seated height
of stature
USA (referenck) Males 1755 74,2 922.1
Females 1618 68,7 859,7
Japan Males 1672,7 62,4 901,3
Females 15448 61,2 838,4
Netherlands Males 1 806,2 80 944
Females 1690 70 887
NOTE Data for Japan supplied by Toyota; data for Netherlands supplied by TNO; data for USA from Reference [17].
14 © 1SO 2010 — All rights reserved
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A.6.1 Axis lengths

Eyellipse axis lengths for a driver population consisting of an equal number of males and females, and a seat
track length >133 mm, are given in Table A.2.

Table A.2 — Left and right eyellipse axis lengths

Country Percentile X-axi;::ngth Y-axi;::ngth Z-axi;rI:ngth

Japan 95 195,1 60,3 93,4

99 2715 853 321
Netherlands 95 202,0 60,3 934

99 283,1 85,3 132,1
Reference (Table 1) 95 206,4 60,3 93,4

99 2871 85,3 132,1
NOTE The difference in X-axis lengths among the reference population, Japan€se and Dutch populatjons is
very small, indicating that the 95th or 99th percentile eyellipses given in Tablé 2 “are sufficient for most |design
purposes.

A.6.2| Centroid location

Compared to North American and European populations, Japanese are shorter in average statufe and have a
larger|average ratio of sitting height to stature. These anthropometric differences likely require an adjustment
to the|location of their eyellipse centroid. Testing with. Japanese drivers is necessary to derive pr validate an
equatjon for locating the centroid.

Similgrly, because the Dutch population is taller-on average than the reference (USA) populatign, resulting in
higher seated eye heights, a different equation for locating the eyellipse centroid may also be needed for that
population.

One approach, based strictly on anthropometry, is to adjust the eyellipse centroid Z value((from SgRP)
propoftionate to the ratio of average seated heights of the target country's population to seated heights of the
reference population, as follows:

N

h
cref = H8 +H30 +638 h—T (A17)
R

wherg

H8 _is'the z-coordinate of the AHP;

H30— s thezdistance of the-SgRPfromr the AHP;
ht is the target population mean seated height;

hg s the reference population mean seated height.

Adjust the eyellipse centroid X value from the BOFRP using Equation (A.5) (which is based on the difference
between average stature of the target population and average stature of the reference population), as follows:

Xeref =L1-12,5 t + (664 + 0,587 L6 — 0,176 H30) + 0,473 (St — SR ) cos 8 (A.18)
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where
L1 is the x-coordinate of the BOFRP;
t is the transmission type (1 with clutch pedal, 0 without clutch pedal);
L6 is the x distance from the steering wheel centre to the BOFRP;
H30 is the z distance of the SgRP from the AHP;
St s the target population mean stature;
Sp is Jhe reference population mean stature.
Table A.3 gives the adjustments in centroid location from the reference centroid for a population having an

equal mix of n

16

Table A.3 — Change in eyellipse centroid location (50 % male population)

hales and females, using anthropometry values from Table A.1 and Equations, (A,17) and (A.18).

Dimensions in millimetres

Country X Y Zz
Japan =37 0 -15
Netherlands 29 0 18
NOJTE Positive numbers are rearward and up from reference centroid.
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(informative)

Fixed seat 95th and 99th percentile tangent cut-off eyellipses for an adult
population at a 50/50 gender mix

B.1 Background

Fixed|seat eyellipses apply to seated positions with no H-point or torso angle adjustnient.
centrdid is located relative to the fixed seat H-point (SgRP). The only vehicle factor affecting |
fixed g$eat eyellipse is the torso angle, A40. Other seat adjustments are assumed fixed’at the n

design specifications.

Thesq eyellipses are based on the user populations described in Table ;. Fhe 95th and 9
eyellipses are constructed from tables and equations described in B.2 and B.3” Fixed seat eyelli
percentile tangent cut-offs and gender mixes can be calculated using procedures in Annex C.

SgRP

Xc

cycl

The eyellipse
bcation of the
hanufacturer's

bth percentile
pses for other

Key

eyellipse X-axis

H-point to eye line (eyellipse Z-axis)

angle of the eyellipse Z-axis from vertical
x-coordinate of the eyellipse centroid location

o

< X & N X

cycl y-coordinate of the eyellipse centroid location

N
o

z-coordinate of the eyellipse centroid location

A WO DN -

zero X grid
zero Y grid
zero Z grid
torso line

Figure B.1 — Fixed seat eyellipse side view axis angle and centroid location
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B.2 Axis angles

B.2.1 Plan and rear view axis angles

The eyellipse is aligned with the vehicle axes in plan view (Z-plane) and rear view (X-plane).

B.2.2 Side view axis angle

Unlike the adjustable seat eyellipse, the longer primary axis of the fixed seat eyellipse is the Z-axis. This
primary Z-axis is tilted back from vertical along a line from the centroid to the H-point called the “H-point to eye
line”. The side_vi i -axi iti i ' i
depends on the torso angle (see Equation B.1 and Figure B.1).

5 =0,69B A40 - 9,09 (B.1)

where A40 is fthe torso angle.

NOTE The¢ dimension code for torso angle depends on the passenger seat position under study. A40-2 rgfers to
passenger secdnd row seating and A40-3 refers to passenger third row seating as defined in"SAE J1100.

B.3 Axis lengths

Axis lengths gre shown in Figure B.2 and listed in Table B.1.

Table B.1 — Fixed seat eyellipse axis lengths

Percentile X-axis length ¥Y:axis length Z-axis length
mm mm mm
95 93,5 1041 130,7
99 132,3 147,3 179,0

18
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b) Side view c) Rear view

Key
X4 1 Xpaxis length
Y4 1 Ypaxis length
Z, | Zjaxis length

Figure B.2 — Fixed seat tangent cut-off eyellipse for one eye — True views

B.4 Centroid location

B.4.1| Locating equations

Equatjons (B.2), (B.3), and<(B.4) are used to calculate the eyellipse centroid location. Laterally, the cyclopean
(mid-gye) location, chch is at W20, which normally coincides with the seat centreline (see Figurge B.1). In side
view the centroid is/ocated to vehicle grid using L31 for SgRP x-coordinate and H70 for SQRP z-coordinate.

Xc =L314619xsind (B.2)

Yoger, = W20 (B.3)

Z, =H70+619xcoso (B.4)
where

L31 is the SgRP x-coordinate;
W20 is the SgRP y-coordinate;
H70 is the SQRP z-coordinate;

o is the side view angle of the eyellipse Z-axis, in degrees (positive, tipped back at the top from
vertical).
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NOTE The dimension codes selected for SgQRP coordinates (to grid) depend on passenger seat position under study:
L31-2, W20-2 and H70-2 refer to second row passenger seating; L31-3, W20-3, and H70-3 refer to third row passenger
seating.

B.4.2 Left and right centroids

The left and right eyellipse centroids are 65 mm apart, 32,5 mm either side of the mid-eye location.

B.5 Seats with limited H-point adjustment

If a second ol
or adjustable

SgRP and torso angle, and then sweep the eyellipse along the range of normal riding fore anhd aft seat
adjustment. Tlhe swept volume defines the range of rider eye locations. If the manufacturer's-SgRP of torso
angle is unknpwn, use the rearmost, lowest normal riding position and a torso angle of 25%.
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Annex C
(informative)

Fixed seat tangent cut-off eyellipses for any user population stature

C.1 General

Fixed
differq
the ge

C.2 Axis angles

Cc.21

The e
side v

C.2.2

The s
depen

0

wherg

C.3 Axis lengths

C.31

The fd

C.3.1,

distribution and gender mix

seat eyellipses should be calculated from equations given in this annex when the user
nt from the reference population listed in Table 1, because the underlying stature distributi
nder mix is different, or a unique cut-off contour is needed.

Plan and rear view angles

vellipse is aligned with the vehicle axes in plan view (Z-plan€) and rear view (X-plane), b
ew (Y-plane).

Side view angle

ide view angle of the eyellipse Z-axis (positive, tipped back at the top from vertical),
ds on the torso angle (see Figure B.1):

=0,698xA40-9,09

A40 is the torso angle.

Eyellipse Z-axis length

llowing calcutations are required to determine the Z-axis length.

1 Mean male and female H-point-to-eye distances

population is
bn is different,

it it is tilted in

b, in degrees,

(C.1)

These

Equati

h

valuace ara oalapdlatad framn tha mann otatiirne far tha oalantad mala And fam Al
Voo CS—are—Catcutcteo—HH o —e—hea—Statar e Ss—or—e—S e ctea—arte—anc—rera

ions (C.2) and (C.3) are used to calculate the H-point-to-eye distance.

w = 67,0+0,351S), — 1,613 A40

hg =67,0+0,351Sg —1,613 A40
where
Sy is the mean population stature for males;

S

g is the mean population stature for females;
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hy  is the mean H-point-to-eye distance for males;

he is the mean H-point-to-eye distance for females;

A40 s the torso angle.

C.3.1.2 Mean male and female H-point-to-eye standard deviations

Calculate the standard deviation of H-point-to-eye distance for males and females according to
Equations (C.4) and (C.5). The mean and standard deviation of the H-point-to-eye distance define the two
overlapping normal distributions for males and females. These distributions lie along the primary axis (Z) of

the fixed seat|eyellipse and embody the way in which driver population anthropometry affects the locatign and

size (in the Z-axis) of the fixed seat eyellipse.

oM = \/0,3512 agm +384

Cur =\/),3512 o3, +364

where

oym i the standard deviation of H-point-to-eye distance along the.eyellipse Z-axis for males;

oye is the standard deviation of H-point-to-eye distance along;the eyellipse Z-axis for females;

o is {he standard deviation of stature for females.

C.3.1.3 Eyadllipse Z-axis boundary and length

is {he standard deviation of stature for males;

(C.4)

(C.5)

The steps sof far are similar to the procedure .used to construct the adjustable seat eyellipse, described in
Annex A. As [in that procedure, the primaryraxis length (in this case, the eyellipse Z-axis) is calculaied by
determining the cut-off values at the upper and lower ends of the distribution. To do this, Equationg (C.6)

and (C.7) should be solved iteratively.for’ZF and ZM.

ZF-h ZF-h
1—q:p,\1xd>[—Mj+(1—pM)xd)[ F] (C.6)
OHM OHF
ZM=h ZM-h
q=prrI)(—M]+(1—pM)xfb(—Fj (C.7)
THM OHF
where

py s the proportion of males in the population;

ZF is the lower boundary of the eyellipse along the Z-axis;

ZM is the upper boundary of the eyellipse along the Z-axis;

q is the eyellipse cut-off percentile;

(o} is the cumulative normal distribution;

hy  is the mean H-point-to-eye distance for males;

22
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hg is the mean H-point-to-eye distance for females;
oym  is the standard deviation of H-point-to-eye distance along the eyellipse Z-axis for males;
oyr Is the standard deviation of H-point-to-eye distance along the eyellipse Z-axis for females.

The length of the primary eyellipse axis (Z) is the difference between the upper and lower boundaries of

H-point-to-eye distance, ZM and ZF.
Z =ZM-ZF
a_l
where

C.3.2 Eyellipse X-axis length

The |
H-poi

eye angle is distributed normally with a standard deviation of 2,63% Thus, boundary angles can

using

length equal to the mean H-point-to-eye distance ends at-the X-axis boundary of the fixed s
Thesq radii are shown in Figure C.1 as r, and r;, and the distance between their endpoints is the
This Igngth is very close to the length of the arc between the endpoints, a value that can be cal
by myltiplying the angle between the radii (in radians)by the radius length (the mean H-point-to-
The procedure described in this subclause is expressed mathematically in Equation (C.9) for

ellips

wherg

ZF is the lower boundary of the eyellipse along the Z-axis;

ZM is the upper boundary of the eyellipse along the Z-axis.

ZF is the lower boundary of the eyellipse along the Z-axis;

ZM is the uppér boundary of the eyellipse along the Z-axis;

@' s the inverse cumulative normal distribution;

ngth of the X-axis (perpendicular to eyellipse Z-axis in side ¥iew) depends on the va
t-to-eye angle relative to vertical. The side view angle, J, is.the) mean H-point-to-eye ang

the normal distribution with mean 6 and standard deviation'2,63. A radius at each bound

q.

X, 1= (MJ(LJ [263x20(q) |

2 180

(C.8)

riability in the
e. H-point-to-
be computed
ary angle with
eat eyellipse.
X-axis length.
culated easily
pye distance).
h g-percentile

(C.9)

q is the eyellipse cut-off percentile;
T is the ratio of the circumference to the diameter of a circle, the transcend
3,141 592 6...
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Key
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C.3.3 Eyellipse Y-axis length

The Y-axis in
Y-axis is mo
population ar
eyellipse perd

Y, | =3165x207"(q)

where
@' s the inverse cumulative nofmal distribution;
q is {he eyellipse cut-off percentile.

C.4 Centroid location

The centroid
the primary a

1%

ng eyellipse X-axis length
-axis

-axis

ellipse Z-axis

eye line

Figure C.1 — Fixed seat eyellipse side view, (X, Z) axis, and axis angle, ¢

the fixed seat eyellipse is the same as in the adjustable seat eyellipse. Eye location alo

thropometry (Reference [11]). Thus, Equation{C.10) gives the Y-axis length as a funct
entile q.

bf thefixed seat eyellipse is the midpoint between the two H-point-to-eye boundary points,
Kis‘and at the occupant centreline. Equations (C.11) to (C.13) give the centroid location r

g the

delled as a normal distribution with a fixed standard deviation of 31,65 mm, regardi¢ss of

ion of

C.10)

along
blative

to SgRP in thg Vehicle axis system.
Xe = stiné (
Yo =0 (
Z. = ZM;ZF 0sd (
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C.11)

C.12)

C.13)
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where
ZF  is the lower boundary of the eyellipse along the Z-axis;

ZM is the upper boundary of the eyellipse along the Z-axis;

o is the side view eyellipse angle, in degrees (positive, tipped back at the top from vertical).
C.5 Summary
Equat It population

anthrgpometry. The shape of the eyellipse is the same across vehicles (for the same adult popylation) except
for small differences in angle as a function of torso angle. Whereas the adjustable seat ‘eyellipse is defined
relative to the ball of foot reference point (BOFRP), the fixed seat eyellipse is expressed relative to SgRP,
because the H-point is stationary when the seat and seatback are fixed (see Annex B).
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Annex D
(informative)

Tangent cut-off eyellipses and inclusive eyellipses

D.1 Tangent cut-off eyellipse

Tangent cut-dff eyellipses are derived as the perimeter of an envelope formed by an infinite number of|
dividing the gye locations so that P % of the eyes are on one side of the plane and (100 — P) %-are

other. To illusfrate this in two dimensions, consider the side view of the eyellipse shown in Figure)4:If a
seen as a strpight line in side view is drawn tangent to the upper edge of the 95th percentilé’eyellipsq

95 % of the gyes, whether inside or outside of the eyellipse, are below the line and 5 % af-the eye log
are above it. Furthermore, if a similar plane is drawn tangent to the lower edge of the 95th\péercentile eys
then 95 % of {he eye locations, whether inside or outside the eyellipse, are above the line and 5 % below

Key
tangent pq
5 % of the
tangent lin
95 % of th
95 % eyel

a b~ ON -

For example,

3

nt
driver eye locations are on this side of the tangent plane

e
e driver eye locations are-on this side of the tangent plane (both inside and outside the ellipse)

ipse
Figure D.1 — Two dimensional tangent cut-off description

if the tangent line shown in Figure D.1 is considered as a sight line (or sight plane) to the

point on the u
would see at
not be seen

see the target. For this reason the eyellipse is called a tangent cut-off ellipse.

blanes
bn the
plane
, then
ations
llipse,
it.

owest

nderside of the windshield header, 95 % of the drivers would see at that angle or higher arnd 5 %

hat\angle or lesser (restricted). Any targets in the forward field of view above the sight line

would
'would

Tangent cut-off eyellipses presented in previous clauses and annexes are used in various SAE J1050
applications to describe sight line accommodation. These are the most common and useful eyellipses for
vehicle design.
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D.2 Inclusive eyellipse

D.2.1 General

There may, however, be some applications for which it is useful to define an ellipse that encloses or contains
the eye locations of some designated proportion of drivers. A 95th percentile tangent cut-off eyellipse does not
enclose 95 % of the eye locations within the ellipse.

Each tangent cut-off eyellipse is also an inclusive eyellipse, i.e. it defines a boundary within which lie a certain
percentage of drivers' eyes. The percentage of the population included within any ellipse is always less than
the tangent cut-off percentage for that ellipse. For example, a 95 % tangent cut-off eyellipse contains 74 % of
the €ye tocations withim 115 two-dimensional_boundaries and 50 % of the eye focatiops within its
three-dimensional boundaries. Table D.1 lists a number of inclusive ellipses and their corresponding tangent
cut-off eyellipse percentiles.

D.2.2| Axis lengths for inclusive ellipse, adjustable seat

Axis ¢
driver

engths for an inclusive eyellipse are given in the three rightmost columns of Table D.1 for
population (see Table 1) containing an equal number of males and females.

Table D.1 — Tangent cut-off eyellipse percentiles and.corresponding 2D and 3

inclusive eyellipse percentiles, adjustable seat

the reference

2D inclusive . .
(side view) 3D inclusive | Tangent cut-off | X-axis‘length? | Y-axis length? | Z-axis length?
% % % mm mm min
31,80 13,14 80,00 107,6 30,9 47\8
42,18 21,39 85,00 132,0 38,0 58(8
56,01 35,02 90,00 162,3 47,0 72(8
74,15 56,07 95,00 206,4 60,3 93(4
80,00 64,09 96,36 224,3 65,8 101,9
87,18 75,00 97,87 2521 74,3 114,1
90,00 79,69 98,41 266,0 78,7 121,8
93,32 85,60 99,00 2871 85,3 133,1
95,00 88,80 99,28 301,2 89,8 139,0
95,61 90,00 99,38 307,3 91,7 144,0
97,99 95,00 99,74 341,3 102,5 158,7
99,07 97,50 99,89 371,2 112,1 173,5
99,66 99,00 99,96 406,5 123,5 191,2
a IA):|s lengths are shown for adjustable seat eyellipses, TL23 > 133 mm, 50/50 gender mix, reference driver
population

Table D.1 may also be applied to define tangent cut-off eyellipses smaller than the 95th percentile. As an
example, if it is necessary to determine driver accommodation to a specific vision target that is obscured to
more than 5 % of drivers (e.g. by the windshield header), a smaller percentile cut-off eyellipse could be found
(using Table D.1) for which a tangent from this eyellipse to the target is tangent to or below the header
obstruction.
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