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DESCRIBING AND MEASURING THE DRIVER'S
FIELD OF VIEW—SAE J1050a

SAE Recommended Practice

Report of Human Factors Engineering Committee and Automotive Safety Committee approved
September 1973 and revised by Human Factors Engineering Committee January 1977,

1. Purpose and Scope—This SAE Recommended Practice establishes a
uniform method for describing and measuring the driver’s direct and in-
direct fields of view. This method is based on the use of the 95th percen-
tile Eyellipse described in the Recommended Practice Motor Vehicle

Driver’s Eye Range—SA
System described in the

E J941d and on the Three-Dimensional Reference
Recommended Practice Motor Vehicle Fiducial

Marks—SAE J182a. This method relates to both the driver’s interior and
exterior visibility environment and is applicable to the passenger car,
multi-purpose passenger vehicle, truck and bus.

2. Definitions
2.1 Eyellipse—The ge
is so named because of
term “‘eyellipse”” should

range. The Eyellipse te
of a plan view and side Y

2.2 Sight Line—A |
from the Eyellipse cent
gent point on the Eyell
angle from a line drawn

2.3 Sight Plane—A
tend from a tangent po
point or at a given angl
ground, and which esta

he elhphcal shape of the dnver s eye range. The
only be applied to the driver’s eye range described
in this recommended prr.Ectice. Eyellipse is synonymous with driver’s eye

plate is a two-dimensional drafting tool consisting
iew of the driver’s left and right eye ranges.

ne which is constructed by the designer to extend

roid, the left or right eye ellipse centroid, or a tan-

pse contour either to a target point or at a given
parallel to the zero Y plane or ground.

plane which is constructed by the designer to ex-

nt on the Eyellipse contour, either to a target
from a plane parallel to the zero Y plane or

blishes field-of-view boundaries based on the

known percentage of dtiver eye locations which fall on either side of the

plane.
Note: In the side vie
edge of the Eyellipse cg

v, a sight plane constructed to the upper or lower
ntour is seen as a line. In the plan view, a sight

plane constructed to the left or right edge of the left or right Eyellipse

contour is seen as a ling.

unique sight plane whig
2.4 Vision—-The ab
2.5 Field of View-
ing from tangents on th
2.6 Direct Field of]
the aid of mirrors.
2.7 Indirect Field
reflection.
2.8 Monocular Vie]
(Figs. 1 and 2).
2.9 Binocular View

A pair of sight lines may be used to define a

h is not normal to either the side or plan view.
lity of the driver to see; ocular perception.

The solid angle subtended by sight planes emanat-
e Eyellipse contours.

View—The view capable of being seen without

f View—The view capable of being-seen by mirror
w—The field of view that,ean be seen by one eye

—The total field of.view/that can be seen by both

eyes simultaneously (Flgs. 1 and 2).

2.10 Ambinocular
both eyes separately.

Note: [t is not limitg

monocular field visible
versa (Figs. 1 and 2).

View —The totalfield of view that can be seen by

d to the Binocular field but includes, in addition,
to the right eye but not to the left eye, and vice

2.11 Peripheral Vi

bw —The field of view which extends laterally from

2.14 Seating Reference Point (SgRP)—The manufacturer’s design ref-

erence point is a unique design H-point which:

a) Establishes the rearmost normal design driving or riding position of
each designated seating position which includes consideration of all modes
of adjustment, horizontal, vertical and tilt, in a vehicle;

b) Has X, Y, Z coordinates established relative to the designed vehicle

structure;
¢) Simulates the position of the pivot center of t
thigh, and

he human torso and

d) Is the reference pomt employed to posmon the two-dimensional

mended Practxce “Devwes for Use in Deﬁmng and M
Seating Accommodation—SAE J826b.

2.15 Effective Interpupillary Width—The effecti
parallel sight lines, one from each eye ellipse.

Note: The width, when usmg the SAEN941d Eyelli
turns is 2.54 in (65 mm). 1 This effective width dect
eye turn (T'ig. 2).

2.16 Vision Origin Points<They are vision point
points (E points), which rotate’around neck pivot po

2.16.1 Vision Point (¥ peint)— A specific point on|
used in lieu of the complete Eyellipse contour in spe
direct field of viewfequirements.

2.16.2 EyePoints (E points)—Specific points on t}
ellipse contouss positioned in the same relative positi

Note: When using the SAFE J941d Eyellipse, they 4
(65 mm) apart and rotate around a P point. They,
neck(pivot point (P point), are used in lieu of the cof]
tour.

2.17 Neck Pivot Point (P point)—A specific poin|
driver’s head turns on a horizontal plane. The point
rear of the mid-point between the eye points (E poin
bined with the eye points (E points), is used in lieu o
Eyellipse contour.

2.18 Panel Work Plane—A plane constructed by
which the display surface of instrument panel contrg
tales are projected for a visibility evaluation.

2.19 Display Surface—A surface or plane which
legend on a control, indicator or tell-tale.

1Paul L. Connolly and Konrad H. Marcus, “Human

Considerations for the Design of Automotive Perisco
tems.”” Paper 680404 presented at SAE Mid-year Md

2W. A. Devtin and Ronald W. Roe, “The Eyellipse
in the Driver’s Forward Field of View.”” Paper 6801
Automotive Engineering Congress, January 1968.

iked in SAE Recom-
asuring Vehicle

e width between

ipse without eye
leases with increased

(V points) and eye
nts (P points).
a sight plane. It is
ifying specific

e left and right eye
pbn on each ellipse.
re located 2.54 in

when combined with a

hplete Eyellipse con-

t about which the

s 3.88 in (98 mm)
ts). < It, when com-
f the complete

he designer on
s, indicators, and tell-

basses through the

and Visual Factor
pic Rear Vision Sys-
eting, May 1968.

ind Considerations
5 presented at SAE

a sight plane or line fro

m either eye, in the temporal direction to form an

included angle of no more than 90 deg with the sight plane or line. The

vertex of the angle is at

the eyepoint. The area within the peripheral field

of view is on the temporal side of the driver’s line of sight.

Note: The peripheral view in the nasal direction is not included in this
definition because the view overlaps the temporal peripheral view of the
opposite eye and is considered redundant. (Fig. 2).

2.12 Binocular Obstruction—Any obstruction within the ambinocular
view which produces an area behind the obstruction which cannot be seen
by either eye simultaneously.

Note: An object having an apparent width which is equal to or less than
the effective interpupillary distance is not considered a binocular obstruc-

tion when viewing obje
2.13 A-Pillar—Any

cts in the exterior environment (Fig. 2).
roof support forward of the SgRP.

Note: It includes non-transparent items such as windshield mouldings
and door frames, attached to or continuous with such a support.

LINE OF SIGHT

AN

1100

BINOCULAR
FIELD OF VIEVT\

§
/ W
SO

145° MONOCULAR FIELD +
OF VIEW LEFT EYE

145°

180°
AMBINOCULAR
FIELD OF VIEW

MONOCULAR FIELD
OF VIEW RIGHT EYE

FIG. 1-TRADITIONAL DEFINITION OF TERMS
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FIELD OF VIEW COVERAGE (SECTION 4.1.1)

AMBINOCULAR VIEW WITH BINOCULAR OBSTRUCTION PROVIDES A CONTINOUS

BINOCULAR OBSTRUCTION (SECTION 3.12)

AMBINOCULAR VIEW (SECTION 2.10)
RIGHT EYE — MONOCULAR VIEW (SECTION 2.8
LEFT EYE — MONOCULAR VIEW (SECTION 2.8 ;

F
T~

;7 N

BINOCULAR VIEW (SECTION 29

Note: It is not nece
cover over an indicato

PERIPHERAL
VIEW (SECTION 2.11)

DRIVER'S LEFT EYE

VEHICLE APERTURE

BINOCULAR OBSTRUCTION
(SECTION 2.12)

VEHICLE VISUAL
OBSTRUCTIONS

-EFFECTIVE INTERPURRILLARY WIDTH

DRIVER'S RIGHT EYE

~— HEAD AND EYE MAY BE REQUIRED T0
TURN TO VIEW ALONG A" GIVEN
SIGHT LINE.

FIG. 2—DEFINITION OF TERMS THROUGH AN APERTURE'OR AROUND AN OBSTRUCTION

sarily the instrument panel surface or the glazing
or tell-tale.

2.20 Steering Wheel Rim Obstruction—The binocular obstruction

caused by the steering
from any single pair of

wheel rim shown on the panel work plane as seen
eyes within the Eyellipse. -

2.21 Steering Wheel Hub and Spoke Obstruction—The binocularpb-

struction caused by th
panel work plane as se
Eyellipse.
3. General
3.1 Field of View
of view terms are defiy

e steering wheel hub and spokes shown on the
en from a tangent on the bottom edge of the

Terms—Monocular, binoculafiand’ ambinocular field
ed in this SAE Recommended'Practice relative to

motor vehicle aperturds and visual obstructions instead of traditional

human physical limita
The traditional defin
nocular as illustrated i
and restricts the three
human eye and head.
eye as illustrated in Fi

ions.

ition of the term§monocular, binocular, and ambi-
h Fig. 1 are defined around a straight forward gaze
fields of view_to the physical limitations of the
The 145 deg*~ monocular field of view from either
b. 1 is.a‘peripheral field of view, either side of the

direct forward gaze, fr|
The 110 deg> binoculd

fields of view. The 180 deg ambinocular field of view is the inclusion of

both monocular fields

bm-thé nasal to the temporal head obstruction.

1 O VICW [] O dp O 1€ WO _Inono

of view.

This SAE Recommended Practice, however, defines the terms monoc-
ular, binocular and ambinocular as illustrated in Fig. 2 to the driver’s field
of view through a vehicle aperture or as obstructed by a vehicle visual
obstruction rather than to the limits of the human eye or head. The fields
of view in Fig. 2 are illustrated by direct sight lines along which the driver

views the limits of the

vehicle aperture opening or a vehicle visual obstruc-

tion by turning his eyes or eyes and head. The monocular field of view
(definition 2.8) as illustrated in Fig. 2 is the direct field of view through

the vehicle aperture as

seen by either eye separately. The binocular field

of view (definition 2.9) is the direct field of view through the vehicle aper-

3Paul L. Connolly, W. A. Devlin and Konrad H. Marcus, “Design Aspects
for Rear Vision in Motor Vehicles.” SAE SP-253, March 1964.

turézas seen by both eyes simultaneously. The ambi
(definition 2.10) is the direct field of view through {
seen by both eyes separately.

The procedure in this SAE Recommended Practic
from the driver’s eyes that are parallel when viewed
environment but converge on an object viewed in th
environment,

3.2 The Eyellipse and Fields of View—This Rec
uses the following different applications of the Eyel]
describe and measure the driver’s field of view as fol

a) Eyellipse tangent cutoff contours.
b) Eyellipse centroid.
¢) Vision origin points (V points and E points

the Eyellipse.
The field of view is measured in terms of the follg

a) What is available to the driver.
b) What is available from a vehicle.
¢) That specified by a requirement.

The Eyellipse tangent cutoff contour is the best aj

hocular field of view
he vehicle aperture as

constructs sight lines
n the exterior visibility
e interior visibility
mmended Practice
ipse to properly

ows: '

developed from

wing:

plication of the
bve fields of view.

Eyellipse to describe and measure all three of the ab)

contours. There are some circumstances, however, where the Eyellipse

centroid or vision origin points may be used as alternatives. These are

as follows:
a)

The Eyellipse centroid can be used as the most acceptable single

point to measure the limits of the window sizes of a group of
motor vehicles. The results of these measurements can then be
comparatively evaluated in terms of the relative sizes of these day

light openings.
b)
measure specific field of view requirements

The vision origin points (V points and E points) can be used to

for which the points

were developed. The results of these measurements will only
indicate whether the vehicle being measured complies to a specific

requirement.
3.3 Developing V Points and P Points—A vision

point (V point) is

simply a specific point on a sight plane. For example, tangent points A, B,
C, and D in Fig. 7 could be called V points. These points have a fixed
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spatial relationship to the Eyellipse locator lines XX, YY, and ZZ and can
be called out by coordinates in the Three Dimensional Reference System
without the presence of the Eyellipse.

By extending the sight planes A, B, and C rearward to where they all
intersect at point F in Fig. 7, a single V point could be established which
would enable the measuring of the three angular requirements from one
point rather than three. This will simplify the complexity of the number
of points, but it does narrow the range of angles that can be measured from
the single point. For example, a 5 deg increase in angle M between a sight
plane directly forward and sight plane A, when measured from point A,
would pass the new sight plane slightly inside the contour of the Eyellipse
rear of point A (Fig. 3). However, if the increased angle were measured
from point F, the new sight plane would deviate considerably more from
the tangent on the Eyellipse contour (Fig. 4). Therefore, care should be
taken when developing V points to confine their use to acceptable limits.

Y

M +5°

SIGHT PLANE A (REF.

NEW SIGHT PLANE

M Q
X
TANGENT POINT A AND ITS

\J CORRESPONDING V POINT

NEW SIGHT PLANE SLIGHTLY
INSIDE EYELLIPSE CONTOUR

FIGURE 7)

A neck pivot point (P Tmich e eck
pivots horizontally and {s positioned such that the eye points (E points)
will fall tangent to the Hyellipse when viewing directly forward. The neck
pivot point J in Fig. 8 o1 D in Fig. 9, for example, could be called P
points. These points, as|with V points, have specific spatial relationships
with the Eyellipse locatqr lines XX, YY, and ZZ and can be called out by
coordinates in the Threg Dimensional Reference System without the
presence of the Eyellipsg.

Sections 5 and 6 are aldrafting procedure which provides a method of
describing and measuring the driver’s field of view.

3.4 Exterior Enviropment—The following procedures describe the

driver’s direct and indjrd
(Fig. 5):

A) The driver’s dir
extends laterally in both
left to 30 deg to the righ

B) The driver’s dir
extends laterally in both
90 deg to the left to 90
procedure, Section 5.2,

ct fields of view of his exterior environment

ct ambinocular view with eye movement only
directions from directly forward to 30 deg to the
t (Drafting procedure, Section 5.1, Fig. 7.)

ct ambinocular view with eye and head movement
directions from the view defined in (A)above to
leg to the right of straight forward (Drafting

Fig. 8.)

FIG. 3

(S
[ ‘
£

/

TANGENT POINT F AND ITS
GORRESPONDING V POINT
EF. FIGURE 7)

\
SIGHT PLANE A

NEW SIGHT PLANE
FIG. 4

// \\(secnou 5.2)
ﬁ%ﬁ
W\ f

)
4

— (EVIATION FROM TANGENT BY
EW SIGHT PLANE

(SECTION 5.4)

\

(SECTION 5.6)

(SECTION 5.5)

------ —0D

(SECTION 5.4)

FIG. 5-FIELDS OF VIEW IN THE EXTERIOR ENVIRONMENT
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C)

The driver’s direct binocular obstruction caused by A-pillars

within the views defined in (A)or (B) above and forward of the driver’s
SgRP (Drafting procedure, Section 5.3, Fig. 9.) -

D)

The driver’s indirect ambinocular view through a mirror located

within the views defined in (A)or (B) and forward of the driver’s SgRP
(Drafting procedure 5.4, Fig. 10).

E)

The driver’s indirect monocular or binocular obstruction caused

by the vehicle within the indirect views defined in(D). (Drafting pro-
cedure, Section 5.5, Fig. 11.)

F)

Direct peripheral view adjacent to the indirect view defined in (D)

above. (Drafting procedure, Section 5.6, Fig. 12.)
3.5 Interior Environment—The following procedures describe the
driver’s direct field of view of his interior environment.

a)

The driver’s direct binocular obstruction caused by the steering

wheel rim within his view of the controls, 1nd1cators and teli-tales on the

instrument panel. (Draf#
4. Methodology

4.1 The Exterior E]

g T g 5 g

hvironment

4.1.1 The Driver’s digect field of view through vehicle apertures to the
exterior environment sHall be described and measured as an ambinocular

field of view in conjunc

ion with the binocular obstruction of vehicle ob-

structions, The combi:]ation of an ambinocular view with a binocular ob-

struction takes into co
illustrated in Fig. 2.
Sight planes tangent t
centile Eyellipsc (Sight
scribe the driver’s direc
that 95% of the drivers
view to the inside of ea

sideration a continuous horizontal field of view as

b the left, right, top and bottom of the 95th per-
planes A, B, C, and D in Fig. 7), are used to de-
field of view (Sections 5.1 and 5.2) and will insure
as defined by the Eyellipse will see the field of

h of the constructed sight planes. The tangent on

the front of the 95th pdreentile Eyellipse (tangent point C in Fig. 9) was

selected because it will
the driver’s ambinoculal
obstruction. Any other,
given binocular obstruc

4.1.2 The driver’s ing
also be described and m
through a rear view mir,
ment caused by the veh
rear view mirror shall b
(Section 5.5) if the ent

points through the mirrpr

PANEL D

escribe any binocular obstruction (Section 5.3) in
field of view with the largest angle for a given
tangent point on the Eyellipse will measure the

ion to a smaller angle.

irect field of view of the exterior environment shall

easured as an ambinocular view (Section 5.4)

or. However, obstruction of the exterior environ-
cle, within the indirect ambinocular view through a
described and measured as a binocular obstruction

re obstruction is in view of both projected.eye

. If either projected eye point canonly view one

SPLAY PLANE

side of the obstruction through the mirror, the obstruction shall be de-

scribed and measured as a monocular obstruction, T
of theé 95th percentile Eyellipse (tangent point B) in

he tangent on the rear
Fig. 10 was selected

because it will describe the indirect ambinocular field of view (Section 5.4)

through a given mirror with the smallest angle for the

mirror. Any other

tangent point on the Eyellipse will measure the ambinocular field of view

through a given mirror to a larger angle.

4.1.3 The driver’s peripheral field of view to the exterior environment

shall be described and measured in conjunction with

the mirror being used

to measure the indirect field of view. The peripheral angle shall be de-

scribed as a monocular angle rear of the driver’s view

of the mirror.

The head turned eye point (eye point C', Fig. 12) was selected to de-

scribe the driver’s peripheral field of view (Section §

,6) to insure a related

peripheral view to the indirect view through the mirror. The location of
the forward edge of the peripheral field of view will always fall adjacent to

ivertc uiau of the

4.2 The Interior Environment—The driver’s field)

environment shall be described and measured as an a

of view in the interior
nbinocular view. Any

obstruction in the interior environment caused\by vehicle interior compo-

nents shall be described and measured as(@abinocular

A typical instrument panel obstruction.caused by 4

individual driver is shown in Fig. 6. ~-The obstruction
shadows of the steering wheel rim,\hub and spokes p
ment panel display surface from light sources at the
eye. The darker portion ofithe circular shadow is th

tion caused by the steeringwheel rim. The darker pq

below the rim is the bifiocular obstruction caused by
4.2.1 Steering Wheel Rim—This method, as oppos
environment dfafting procedures, establishes the bin

bbstruction.

steering wheel for an
can be described as
ojected on the instru-
river’s left and right
binocular obstruc-
rtion of the shadow
the hub and spokes.
d to the exterior
cular obstruction

caused by tHesteering wheel rim for a single pair of dye points at the cen-

troid of the\Eyellipse and then shifts this obstruction
ment panel according to the limits of the Eyellipse.

about on the instru-
[his method measures

whether any single driver, within the limits of the Eyellipse, can or cannot

see any single control, indicator or tell-tale either ab
steering wheel rim.
The characteristic size and shape of the rim obstru

ve or below the

tion is based on

driver’s viewing the instrument panel from the Eyellipse centroid. The

centroid was selected for the following reasons:
a) Fore and aft (X) variation in driver eye loca
of the Eyellipse on the thickness of the rim
where displays are located. As the driver’s ¢

&

ion within the limits
bbstruction in areas
yes move closer to

KEY TO DRIVER'S FIELD OF VIEW
OBSTRUCTION BY THE S/WHEEL

1
N\
i

FIG. 6—OBSTRUCTION CAUSED BY STEERING WHEEL ON THE INSTRUMENT PANEL SURFACE

IGHT EYE MONOCULAR OBSTRUCTION
EFT EYE MONOCULAR OBSTRUCTION

NERY

ERARY BINOCULAR 0BSTRUCTION
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the steering wheel, obstructions caused by the more horizontal
portions of the rim become larger while obstructions caused by

the more vertical

portions of the rim become smaller. Since dis-

plays generally appear where the rim is angled , the centroid pro-
vides a vantage point for definition of a characteristic rim obstruc-

tion.
b)

Vertical (Z) and lateral (Y) variations in driver eye location within

limits of the Eyellipse have little effect on size and shape of the

rim obstruction.

)

Tangent sight lines drawn from the Eyellipse that define obstruc-

tion movement limits occur near an X plane at the Eyellipse cen-
troid. Characteristic spread of the crescent-shaped rim obstruction
based on the centroid, therefore, best describes the steering wheel
rim obstruction at 95th percentile accommodation limits.

4.2.2 Steering Wheel Hub and Spokes—The hub and spoke obstruction

is described on the pane]
the bottom edge of the §
a worst case condition f

Trrace according to sig nes tangent a

5th percentile Eyellipse. This typically describes
1 drivers looking over the hub and spokes.

4.2.3 Application Considerations—These procedures insure that areas
visible to 95% of the driyers can be described on the panel surface as well

as provide a description

f an individual driver’s obstruction. The drafting

procedure described in Section 6.1 approximates the steering wheel rim ob-

struction using circular af
actual steering wheel rim

cs. The drafting approximation is identical to the
obstruction when the steering wheel face is paral-

lel to the panel work plahe, the rim section is circular and the Eyellipse

centroid is in the same Y|
for practical application
and conservative approx

plane as the steering wheel center. However,

the drafting procedure will provide a reasonable
mation of the steering wheel rim obstruction on

the instrument panel within dimensional arrangements listed in Section

§. Drafting Procedure—Exterior Environment

5.1 Direct Ambinocular View with Eye Turning Only (Fig. 7)

5.1.1 Construct a sight plane A in the plan view tangent to the left
edge of the right cllipse at point A and extend it from directly forward
to a maximum of 30 deg < to the left of directly forward to a given target
or at a given angle. Project point A to the side view to the major axis of
the Eyellipse.

5.1.2 Construct a sight planc B in the plan view tangent to the right edge
of the left ellipse at point B and extend it from directly forward to a maxi-
mum of 30 deg 240 the right of directly forward to a view given target or
at a given angle. Project point B to the side view to the major axis of the
Eyellipse.

Note: The angle between the two sight planes constructed in Sections
5.1.1 and 5.1.2 is the direct, ambinocular field of view of the driver facing
directly forward with no head turn.to the left or right.

T TOCT @ Sig Side view, Jangent to the top of
the Eyellipse at point C and extend it from horizontal to a maximum in-
clined angle of 45 deg 3 above the horizon fo'view|a given target or at a
given angle. Project point C to the plan view to bo{h major axes of the
Eyellipse.

5.1.4 Construct a sight plane D in the side view,
of the Eyellipse at point D and extend/it from hori
declined angle of 65 deg 3 below the horizon, to vi
given angle. Project point D'te-the plan view to bo
Eyellipse.

Note: The angle between the sight planes constrycted in Sections 5.1.3
and 5.1.4 in the side'view is the vertical range of the driver’s direct ambi-
nocular field ofiew as constructed in Sections 5.1]1 and 5.1.2 above.

Note: The-peints that are projected to the side view in Sections §.1.1

angent to the bottom
ontal to a maximum
w a given target or at a
h major axes of the

6.1.1.

When these limits are gxceeded, the actual steering wheel 1im obstruction
patterns become ellipticdl and cannot be accurately described with the
drafting procedure. Thefe are no application limits for constructing the
area obstructed by the hjib and horizontal spokes.

SIGHT PLANE B

30°

MAX,

DIRECT
AMBINOCULAR
FIELD OF

VIEW

and 5.1.2.and to the plan view in Sections 5.1.3 an
reference enly and are not essential to the drafting
5.2, Direct Ambinocular View With Eye and H
3211 Construct a sight plane G in the plan view
ofithe right ellipse at point G and extend it from 3
straight forward to 90 deg to the left of straight fo

RIGHT ELLIPSE
MAJOR AXIS

PLAN VIEW

30° MAX.
SIGHT PLANE A

LEFT ELLIPSE
MAJOR AXIS

D

as°

MAX.
SIGHT PLANE C

VERTICAL RANGE
OF DIRECT

AMBINOCULAR
FIELD OF
VIEW

SIDE VIEW

SIGHT PLANE D

65° MAX

MAJOR AXIS

FIG. 7-DIRECT AMBINOCULAR FIELD OF VIEW (EYE MOVEMENT ONLY)

5.1.4 are shown for

procedure.

d Turning (Fig. 8)

angent to the left edge

deg to the left of
ard to view a given
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DIRECT AMBINOCULAR FIELD
OF VIEW WITH HEAD AND EYE
TURN ARE SHOWN TO LEFT ONLY
A VIEW TO THE RIGHT IS
NOT SHOWN BUT CAN
Y BE CONSTRUCTED SYMMETRICALLY
OPPOSITE (SECTION 5.2.5)

DIRECT
AMBINOCULAR
FIELD OF VIEW
WITHOUT "
HEAD TURN
—G
\‘_ )
= \
-~ HEAD
TOTAL \ . CENTERLINE
AMBINOCULAR TURNED HEAD
FIELD OF VIEW CENTEREINE

WITH AND
WITHOUT HEAD
TURN

DIRECT AMBINOCULAR
FIELD OF VIEW WITH
HEAD TURN

VERTICAL RANGE

SIGHT PLANE G
SIGHT PLANE A

SIGHT PLANE C *

Ly \\
SIGHT PLANE G
PLAN VIEW

OF DIRECT
AMBINOCULAR
FIELD OF VIEW

target or at a given anglg., Project point G to the major'axes of the Eyel-
lipse in the side view.

5.2.2 Construct tangent point Hin the plad view on the left ellipse
laterally from the equivient tangent point G.on the right ellipse.

Note: Tangent points|G and H represent-a-driver’s right and left eye
when his head is facing directly forward:

5.2.3 Construct point|J in the plag-wiew on a longitudinal line 3.88 in
(98 mm) directly rear of the midpoint between points G and H. This longi-
tudinal line is the driver}s headsceriterline and point J is the neck pivot
point. Project points H prid-J,to the side view to a horizontal plane

--SIGHT, PLANE D *

*THESE SIGHT PLANES AND TANGENT POINTS
WERE DEVELOPED ON SECTIONS 5.1.3 AND 5.14

FIG. 8—DIRECT AMBINOCULAR FIELD OF VIEW (EYE AND HEAD MOVEMENT)
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ambinocular view in the forward 180 deg. Combinatiions of Sections 5.1
and 5.2 may be used if the desired forward angles to |the right were greater
than 30 deg and to the left were less than 30 deg, or |f reversed.

5.2.6 Sight planes C and D directed to a given targpt or at a given angle
in the side view are constructed in the same manner ¢s sight planes C and D
in Section 5.1.

5.3 Direct Binocular Obstruction by A-Pillars (Fjg. 9)

5.3.1 Construct a horizontal section A-A through fhe A-pillar at the
height of the expected tangent point B to the Eyellifjse in the side view.

Note: The height of the A-pillar section construct¢d in Section 5.3.1

wld-alternately be-taken-atthe hei i bction of the Eyellipse

through point G.

5.2.4 Rotate points G and H to the left around point ] in the plan view,
until a sight plane G’ from the relocated point G (point G’) is directed to
the given target or at the given angle used in Section 5.2.1. The head cen-
terline shall rotate around point J until the angle W formed between the
turned head centerline and the sight plane G’ is 30 deg.

Note: The sight plane A is shown in Fig. 8 for reference only (Section
5.1.1). The angle between sight plane A and sight plane G' is added direct
ambinocular field of view with head turn from directly forward to a maxi-
mum of 60 deg to the left and utilizing 30 deg of eye turn to the left.

5.2.5 Repeat the above, Sections 5.2.1 through 5.2.4, from the left
ellipse looking to the right.

Note: The angle between sight line G’ and the equivalent plane construc-
ted to the right is the total direct ambinocular view of the driver facing any
lateral direction from 60 deg to the left of directly forward to 60 deg to
the right of directly forward and utilizing a maximum of 30 deg of eye
turn to the Jeft or right. Sections 5.1 and 5.2 construct an available dircct

side view major axis and the forward edge of the Eyellipse side view
contour.

5.3.2 Construct a sight line B in the plan view from the closest point on \
the left ellipse to a tangent to the left edge of the A-pillar section construc-
ted above. Point A is the tangent on the pillar and point B is the tangent
on the left ellipse. Project points A and B to the side view to a horizontal
plane through the A-pillar section.

5.3.3 Construct tangent point C in the plan view on the right ellipse
laterally from the equivalent tangent point B on the left ellipse.

Note: Tangent points B and C represent a driver’s left and right eyes
when his head is facing directly forward.

5.3.4 Construct point D in the plan view on a longitudinal line 3.88 in
(98 mm) directly rear of the midpoint between points B and C. This longi
tudinal line is the driver’s head centerline and point D is the neck pivot
point. Project points C and D to the side view to the horizontal plane
through the A-pillar section.
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FIG. 9-DIRECT BINOCULAR OBSTRUCTION

B’ and C converge or ar
5.4 Indirect Ambi

B forms an angle W of 30 deg or less to the head

h Section 5.3.6.

and C to the left around point D in the plan view
the relocated point B (point B’) is viewingpoint A
30 deg to the turned head centerline.

t line C from point C when no head turn is re-

ated point C (point C’) when head turn is required,
edge of the A-pillar at point E.

t line C' from point C when_no head turn is re-
head turn is required, patallel to sight line B’ to the

lines B’ and C divérge,away from the driver, the

he sight lines is the.direct binocular obstruction
tween sight lines,C and C'. If the two sight lines

parallel, there’is no binocular obstruction.

ocular Field of View (Fig. 10)

C. Project points C and D to the side view to a horigontal plane through

point B.

5.4.4 Rotate points B and C around point D in tH
sight line E can be constructed from the relocated p
viewing point E on the upper right corner of the mi
with the sight line E forming an angle X of 30 deg t
centerline. Project point B’, line E and point Eto t

5.4.5 Construct sight plane E’ through point E to

e plan view until a

oint B (point B’)

ror reflectant surface,
the turned head

he side view.

the projected eye

point B". Project sight line E’ and point B to the

Note: The compound angle between the Sight Li
the mirror reflectant surface is equal to the compo
sight line E’ and the rear of the mirror reflectant su
the projected eye point B” on sight line E’ is equal
line E.

5.4.6 Construct sight line F and F' from point B’
lower right corner of the mirror reflectant surface i
sight lines E and E’ in Sections 5.4.4 and 5.4.5 abo

ide view.

e E and the front of
d angle between the
ace. The location of
the true length of

hrough point F on the
the same manner as
. The projected eye

Note: This procedurd is basedvon the design of a passenger car inside rear
view mirror, however the procedure is applicable to any mirror located in
the driver’s direct ambi tew-

5.4.1 Construct a sight line A in the plan view from the mirror mounting
pivot closest to the reflective surface point A to the furthest tangent on the
furthest ellipse. The further tangent on the ellipse is point B. Project
point B to the side view to the major axis of the Eyellipse. Project point A
and sight line A also to the side view.

Note: If the mirror mounting pivot point is unknown the mirror reflec-
tive surface mid-point could be used. Point B represents the furthest eye
point from the mirror and will establish the smallest field of view of any
other tangent point on the Eyellipse contour, assuming the mirror has ade-
quate adjustment.

5.4.2 Construct tangent point C in the plan view on the right ellipse lat-
erally from the equivalent tangent point B on the left ellipse.

Note: Tangent points B and C represent a driver’s left and right eyes
when his head is facing directly forward.

5.4.3 Construct the neck pivot point D in the plan view on the head cen-
terline 3.88 in (98 mm) directly rear of the midpoint between points B and

point for sight lines F and F’ is determined in the sajne manner as Section
- ) i i i ine F and F’ to the
side view.

5.4.7 Construct sight lines G and G’ and H and H’ from eye point C’
through points G and H on the left end of the mirror reflectant surface
in the same manner as sight lines E and E’ in Sections 5.4.4 and 5.4.5
above. The projected eye points for sight lines G, G’, H, and H’ is determined
in the same manner as Section 5.4.5 above and will fall on point C”. Proj-
ect sight lines G, G, H, and H’ and points C’ and C” to the side view.

Note: Using an acceptable drafting procedure to moveable overlays, the
sight lines E’, F’, G’ and H’ can be directed to view in a predetermined
direction.

5.5 Indirect Monocular or Binocular Obstruction (Fig. 11)

Note: This layout procedure is based on the completed layout of the in-
direct ambinocular field of view defined in Section 5.4, Fig. 10. The
points B’ and C” are used to layout the monocular or binocular obstruc-
tion of pillars or other objects in the indirect ambinocular field of view ina
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similar way points B’ and [C’ are used to layout the binocular obstruction in
the direct ambinocular field of view (Fig. 6). In this procedure, however,
the location of the projected eye points are dependent primarily on the
aim of the mirror while inf the direct field of view they are dependent on
the location of the pillar.

5.5.1 Extend sight line [E', shown on FEig; 10, through the rear of the ve-
hicle. (Fig. 11A).

5.5.2 Construct a new {ight line A'from C” through point E on the
mirror upper right corner pnd through the rear of the vehicle.

Note: If the object to e evaluated for obstruction falls within the two
lines constructed in Sectipris5,5.1 and 5.5.2 above, it will be measured
monocularly, in that it ca y
the one eye point B”. (See Fig. llA) If the ob]ect to be evaluated for ob-
struction falls completely inside of line A, it will be measured binocularly
in that it can be seen through the mirror from both eye points B’ and C”
simultaneously (See Fig. 11C). If the object to be evaluated for obstruc-
tion is bisected by sight line A, it will totally be evaluated monocularly in
that both sides of an object must be in view of both eyes to measure it bi-
nocularly. The B-pillar in Fig. 11 B must be totally evaluated monocularly.

5.5.3 Construct a sight line B and C to either side of the B-pillar from
eye point B”’. (Fig. 11B).

Note: The angle formed by sight lines B and C is the monocular obstruc-
tion angle of the B-pillar at a given height within the indirect ambinocular
field of view.

5.5.4 Construct a sight line F from the projected eye point C” tangent
to the right side of the C-pillar section (Fig. 11C).

5.5.5 Construct a sight line G from the projected eye point B tangent
to the left side of the C-pillar section.

HEAD
CENTERLINE

417 LINE/F

FIG. 10-INDIRECT-AMBINOCULAR FIELD OF VIEW

MAJOR AXIS

5.5.6 Construct a sxght line F’ from the projected eje point B* parallel
to sight line F.

Note: If the two sight lines F and G diverge away fijom the mirror, the
angle formed between the sight lines is the binocular ¢bstruction and can
be measured between sight lines F and F’. If the two pight lines F and G
converge or are parallel there isno binocular obstructjon.

The above drafting procedure defining the monoculgr and binocular
angles of obstruction were constructed through the tg
flectant surface. This procedure is applicable at any
mirror reflectant surface.

5.6 Du-ect Perlpheral View (Flg 12)

mdu-ect ambmocular view defmed in Sectxon 5.4 and Fig. 10. The direct
peripheral view extends from the lateral limits of the driver’s view through
a rear view mirror.

5.6.1 Construct a vertical sight plane J in the plane view from point C’
parallel to sight line E to the desired length through point C’.

5.6.2 Construct a vertical sight plane K from point C* to the desired
length, 90 deg rear of sight plane J.

Note: The angle between sight lines J and K is the direct peripheral field
of view.

6.0 Drafting Procedure-Interior Environment

6.1 Direct Binocular Obstruction by the Steering Wheel

Note: This procedure is based on a layout of the Eyellipse, steering
wheel rim and control, indicator, or tell-tale display surfaces in their design
location in the side and plan views. The Eyellipse centroid cannot be off-
set laterally more than 2.5 in (63 mm) from the center of the steering
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wheel rim face. The steering wheel rim face must be between 0 deg to 60
deg from the vertical. Angles up to 75 deg can be considered if the steering
wheel diameter is greater than 20 in (510 mm).

6.1.1 Panel Work Plane—Construct a panel work plane, seen as a line in
the side view, between -5 deg to 45 deg forward of vertical, as close as pos-
sible but not farther than 0.50 in (17 mm) from the controls, indicators
or tell-tales display surfaces being studied.

Note: Additional panel work planes may be required when additional
display surfaces are outside the 0.50 in (17 mm) requirement.

Project, normal to the panel work plane, the control, indicator or tell-tale
display surfaces to the panel work plane surface.

6.1.2 Steering Wheel Rim Obstruction (Fig. 13)

6.1.2.1 Locate point 1, the center of the rim section at the upper most
portion of the steering wheel rim (12 o’clock) in the plan and side views.

6.1.2.2 Construct line A from the Eyelhpse centr01d through pomt 1
to the panel work plane §
the intersection of line A on the panel work plane in side view. Prolect
line A and point 2 to thed plan view.

6.1.2.3 Construct a panel work line in plan view that passes through
point 2 and is parallel to|the side view (Y plane).

6.1.2.4 Locate poin{ 3, the center of the upper half of the steering
wheel on a plane passing|through point 1 parallel to the steering wheel
face, in plan and side viepvs.

6.1.2.5 Locate poin{ 4, the center of the rim section at the most ver-
tical portion of the rim (P o’clock) in the plan and side views. Construct
line B parallel to the sidq view (Y plane) through point 4 in plan and side
views.

6.1.2.6 Construct ar] orthogonal work line in plan view from point 3
through line B and locat¢ point 5 in plan and side views.

6.1.2.7 Construct line C from the Eyellipse centroid through point 5
and locate point 6 at the|intersection of line C and the panel work
plane in side view. Locate point 6 in plan view and extend an orthogonal
work line through the plan view panel work line to establish point 8 in
plan view.

Note: If the steering cplumn is skewed more than 2 deg from the zero Y
plane, the obstruction pgttern to the left of the panel work line and to the

right of the panel work line must be constructed separately. Construct line
C from the Eyellipse centroid through point 4 to describe the obstruction
pattern to that side of the panel work line. The obstruction pattern on
the other side of the panel work line is obtained by repeating the instruc-
tions from Section 6.1.2.5 on using the appropriate steering wheel rim cen-
ter location (point 4) for the mirrored construction of line C on the other
side of the panel work line.

6.1.2.8 Construct a plane seen as line D in side view from point 2, 90
deg to line B downward through line C to establish point 9 in side and plan
views.

6.1.2.9 Construct an arc in plan view through point 9 using point 2 as
center. Locate point 10 in plan view at the intersection of this arc with an
orthogonal work line that passes through point 8 and point 6.

Note: Point 10 in plan view may be either forward or rearward of point

9 depending on the geometry of the panel work plane and steering wheel,

2 e and point 10 to the side
view from pomt 2 downwatd along the panel work.plane and establish
point 11 in side view. Locate point 11 in plan view ¢n the panel work
line.

6.1.2.10 Construct two lines E and E from the Igft and right ellipse
centroids through point 1 to an orthogonal work ling through point 2 and
locate points-12 and 13 on the panel\work plane in plan view. Project
points 12 and 13 downward, parallel'to the panel wark line on the panel
work plane to an orthogonal'work line through poin{ 11 and establish
points 14 and 15.

6.1.2.11 Constructawo lines G and H from the Eyellipse centroid, tan-
gent to the top and battom edges of the upper steering wheel rim section
to points 16 and 17 on the panel work plane in side yiew.

6.1.2.12 Construct a true view of the panel work plane around the
panel work lirie as illustrated in Fig. 13. Construct tyvo pairs of circular
arcs on the.panel work plane that pass through points 16 and 17 and whose
centers‘are at points 14 and 15. The area mutually enclosed by the two
pair§of arcs shown in Fig. 13, describes the steering wheel rim obstruction.
If the construction of the arcs are such that the pandgl work plane forward
of more vertical portions of the steering wheel rim cgnverges to 0.1 in
(2.5 mm) or less, truncate the ends of the enclosed afea at this location
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