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1y class of motor vehicles.

bnt is intended to complement SAE J1050a and provides a visual format that d
e viewing environment. This environment can,then be analyzed to determine w
eeing. It should be noted that one of the most important factors affecting the driv
ty to make valid vehicle/design comparisons is the location of the driver's eyep
Fyellipse which forms the basis for eyepoints chosen as the origin for Polar Plot
bctions.  Both the Horizontal Plapar Projection and Polar Plot create monoct
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ethods for creating Polar( Plots and Horizontal Planar Projections for direct an
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3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

SAE PuBLICATIONS—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J182a—Motor Vehicle Fiducial Marks

SAE J264—Vision Glossary

SAE J941—Motor Vehicle Drivers' Eye Locations

SAE J1050a—Describing and Measuring the Driver's Field of View

SAE J1100—Motor Vehicle Dimensions

SAE J1516—Accommodation Tool Reference Point
Definitions
Driver's ViepagEavironment—The-ervirorment-surreundingthe—driveras-deserbed—relajive to the driver
and his/her yision abilities.
Polar Plot—A two-dimensional plot which represents the angle of sight lines tangenttotitems of interest within
the driver's yiewing environment relative to the horizontal and vertical plane passing through|the origin of the
sight line.
Horizontal Planar Projection—A two-dimensional plot which represents-the intersection of gight lines with a
ground plang or a specified plane parallel to the ground plane. The sightlines are tangent tofitems of interest
within the dfiver's viewing environment. The Horizontal Planar Prgjection maps only the ljmits of items of
interest (in ¢ontrast to the Polar Plot). The effect is as if a lamp _at the driver's eyes cast$ a shadow of a
window, mirfor or other item onto the plane.
Eyellipse—[The contraction of the words "Eye" and "Ellipse’, and is so named because of the glliptical shape of
the driver's g@ye range. "Eyellipse" is the statistical modekdefined in SAE J941.
Monocular Field of View—The field of view that gan be seen by one eye. (Reference SAE J[L050a)
Binocular Hield of View—The total field of view that can be seen by both eyes simultaneoysly. (Reference
SAE J10504)
Ambinocular Field of View—The total field of view that can be seen by both eyes separately. This includes
the binoculdr field as well as thesmonocular field visible to the right eye but not the left eye|l and vice versa.
(Reference $AE J1050a)
Sight Line—-A line representing the driver's line of sight from an eye point or a V point to a tafget point or at a
given angle.
Vision Refefencedoints—Points from which sight planes/lines may be constructed. (V poinf)
Vision Opefgtime=What—the—driver—actuattypercetves—as—theD1+-O—(day—tght—opening). It is the

intersection of a surface of interest and a sight line from a vision reference point, tangent to the first body
component obstructing these sight lines (i.e., window moldings, seals, ceramic paint, concealed wipers, front
end surface, etc.)

Polar Plot/Horizontal Planar Projection Origin Point—Selected by the plot originator. It can be the eyellipse
centroid, left or right eyellipse centroid, or a vision reference point.

Item of Interest—An item which the plot originator chooses to define as part of the driver's viewing
environment. It can be vehicle vision opening lines, other vehicles, field of view targets, lane markers, etc.
Note that items of interest may be unique to a specific eye point. For example, an item of interest such as the
top edge of the dash may disappear as the eye point moves upward. The new item of interest might be the
hood.
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3.13 Variable/Coordinate System Definitions—The three-dimensional vehicle coordinate system is that
established in J182. The positive X axis is to the rear, the positive Y axis to the driver's right and the positive Z
axis is up. A second coordinate system is used in the Polar Plot and Horizontal Planar Projection calculations.
In this system the axis directions remain the same, but the origin is moved to the eye point. Table 1 is
presented to assist in the definition of the variables in both systems:

3.14

3.15

3.16

3.17

3.18

4.1

41.1

4.1.2

Class B Vel
wheel diame

TABLE 1—COORDINATE SYSTEM NOTATION

Vehicle Eye
Coordinate Coordinate
Y SLETH QY SLETH CUTIVETSTUTI
Point on Item of Interest T, Ty, Tz tx, ty, tz tx =Tx - Ex
ty=Ty-Ey
tz=TzEz
Point on Mirror Mx, My, Mz mx, my, mz mx = Mx*- Ex
my:=='My - Ey
mz=Mz-Ez
Intercept Nx, Ny nx, ny nx = NXx - Ex
Point on ny = Ny - Ey

Horizontal Plane

buses and npultipurpose vehicles. (Reference SAE J1516)

Accommod

Accommod
(as specifieg

Accommod
Seat Back 4

Polar Plot A
field (items ¢

Generation

DEFINE TH

ation Heel Reference Point—Refer to SAE J1516

by the vehicle manufacturer).. (Reference SAE J1516)
ation Tool Reference Line—+Refer to SAE J1516.

ngle (L40)—Refer to"SAE J1100.

f interest).

of Polar-Angles for the Direct Viewing Environment

icles—Those vehicles having an H point height.(H30) between 405 and 520 n
ters (W9) between 450 and 560 mm. This class of vehicles includes heavy t

rocedure—Polar.plots are found by computing the angles from the eye point to

E ORIGIN—The polar plot origin (Ex, Ey, Ez) in the vehicle coordinate system may|

hm and steering
ucks and some

ation Tool Reference Point—A peint on the Accommodation Tool Reference Linpe at height H30

points within the

be the Eyellipse

centroid, |eTTor right Eyellpse centroid or any vision ofigin point defined by e USer.

DEFINE EACH POINT TO BE GRAPHICALLY REPRESENTED—Define points on each item of interest using the eye
coordinate system (tx, ty, tz). (See 3.13)

tXx = Tx—-EX
ty=Ty—-Ey
tz=Tz-Ez

(Eq. 1)
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4.1.3

4.2

421

4.2.2

4.2.3

4.2.4

COMPUTE THE AZIMUTH AND ELEVATION ANGLES—Convert the point (-tx, ty, tz) to polar coordinates q
(azimuth) and f (elevation) using the following equations in Figure 1:

NOTE—In this conversion, the negative of the X coordinate is used to provide a presentation with +q to

the right and - g to the left.

ty>0 | ty<0
_ ty
tx <0 8 = - arctan (t_x)
txx=0 0 = 90 6 = -90
") &
9 =180 -~ arctan | — 6 = - 180 - arctan | =<
tx>0 (tx x

Generation [of Polar Angles for the Indirect Viewing Environment - Planar Mirrors—The
mirror is ploﬂzed as points in the direct field using 4.1. Other‘target points viewed in the mirror

methods in this section.

FIGURE 1—EQUATIONS

tz

Jix2 + ty?

f = arctan

(Eq. 2)

periphery of the
bre plotted using

DEFINE THE ORIGIN—The polar plot origin (Ex, Ey;~Ez) may be the Eyellipse centroid, left @r right Eyellipse
centroid of any vision origin point defined by the\user.

DETERMINE THE MIRROR LOCATION AND ANGLE—The mirror location and angle are defined by finding the

equation df the surface. Select three\points on the mirror surface not in a single line and
Using thege points, define the equation of the mirror plane in the vehicle coordinate system

A*Mx +B*My + C*Mz + D= 0

One methed of finding thécoefficients in given in Appendix A.

DEFINE EACH POINT (TO BE GRAPHICALLY REPRESENTED—Define a point on the item of interg

coordinatg system.as Tx, Ty, Tz.

FIND THE REFDECTION POINT OF TX, Ty, Tz—Use the following equations with the coefficier

breferably apart.
n the form:

(Eg. 3)

st in the vehicle

ts from 4.2.2 to

solve for the reflection point (Rx, Ry, Rz) for the item of interest (TX, Ty, Tz).

where:
_ —D-A"Tx-B'Ty-C'Tz

K
A2+B2+c?

Rx = Tx + 2*A*k
Ry = Ty + 2*B*k
Rz=Tz+2*C"k

(Eq. 4)
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4.2.5

4.3

4.3.1

4.3.2

4.3.3

4.3.4

4.3.5

51

511

5.1.2

5.1.3

Convert th

e point Rx, Ry, Rz to the eye coordinate system rx, ry, rz as follows:

rx = RX—EX

ry = RRy—Ey
rz=Rz-Ez

(Eg. 5)

CoMPUTE THE ANGLES—Convert the point (-rx, ry, rz) to polar coordinates q (azimuth) and F (elevation)
using the table and equation in 4.1.3 substituting - rx, ry, rz for - tx, ty, tz.

Generation of Polar Angles for the Indirect Viewing Environment—Spherical Convex Mirrors—The
periphery of the mirror is plotted as points in the direct field using 4.1. Other target points viewed in the mirror

are plotted uysirgrethedsta-this-seeton-
DEFINE THE ORIGIN—The polar plot origin (Ex, Ey, Ez) may be the Eyellipse centroidi-left ¢r right Eyellipse
centroid, dr any vision origin point defined by the user.
DETERMINE THE MIRROR LOCATION AND ANGLE—The mirror location and angleyare defined by finding the
equation df the mirror surface in the vehicle coordinate system. Select four/points on the mirfor surface not in
a single line and preferably apart. Using these points, define the equation‘of the mirror plang in the form:
A*Mx + B*My + C*Mz + D + F* (Mx? + My* £Mz%)= 0 (Eq. 6)
One methed of finding the coefficients in given in Appendix B,
DEFINE EAfLH POINT TO BE GRAPHICALLY REPRESENTED—Define a point on an item of interest in the vehicle
coordinatg system as Tx, Ty, Tz.
FIND THE REFLECTION POINT OF TX, Ty, Tz—The \point on the mirror at which the targel point is seen
(reflection|point) is most easily found iteratively. “Select a mirror point, test if the eye will see the target at that
point, and| if not, select another. A number of methods may be used to do this. One|is presented in
Appendix C.
Convert the point Rx, Ry, Rz to the‘eye coordinate system as rx, ry, rz. (See 4.2.4)
COMPUTE [HE ANGLES—Proeeed as in 4.2.5.
Horizontal Planar Projection Procedure—The Horizontal Planar Projection is meant to map the limits of
windows or pther items onto a horizontal plane. The effect is as if a lamp at the driver's eyes ¢ast a shadow of
the item ont¢ the plane:
Generation jof-intercepts for the Direct Viewing Environment

DEFINE THE EYE PoINT—Define the eye point in the vehicle coordinate system as (Ex, Ey, Ez). This may be
the Eyellipse centroid, left or right Eyellipse centroid or any vision origin point defined by the user.

DEFINE THE LOCATION OF THE HORIZONTAL PLANE AT Gz—Define the location of the horizontal plane to which
the items of interest will be projected by its Z coordinate, Gz, in vehicle coordinates. This plane can be the

ground or

any elevation of interest.

DEFINE THE POINT TO BE PROJECTED—Define the point to be projected in the vehicle coordinate system as
Tx, Ty, Tz. For a point to be projected it must lie between the eye point and the plane.

Gz<Tz<EzorGz>Tz>Ez

(Eq.7)
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(Eq. 8)

(Eq.9)

Nx, Ny to the eye

(Eqg. 10)

brted to another

a vision point or

(Eq. 11)

P centroid, left or

is plane can be

bly apart. Using
e form:

(Eqg. 12)

(Eqg. 13)

5.1.4 CALCULATE THE INTERCEPT POINT—Calculate the Ratio R.
_ Gz-Ez
Tz-Ez
If R is less than or equal to zero, then no intercept exists. If R is greater than zero then calculate the intercept
points Nx and Ny. These points are in the vehicle coordinate system.
IFREO NO INTERCEPTS
IFR>0 Nx = Ex + R*(Tx —EXx)
Ny = Ey + R*(Ty —Ey)
If the eye peirtisto-formthe-erginottheHerzentat-PlanarPrefecton—converthe-poits
coordinatg system as nx, ny as follows:
nx = Nx —Ex
ny = Ny-Ey
5.1.5 CONVERT To DESIRED COORDINATE SYSTEM—If desired, the intercept paints can be conve
coordinatg system with origin at Ox, Oy, Oz. This origin may be at the.Eyellipse centroid,
any other suitable location.
nx = Nx —Ox
ny = Ny-Oy
nz= Nz-0z
5.2 Generation [of Intercepts for the Indirect Viewing Environment
5.2.1 DEerINE THE ORIGIN—The horizontal planar projection origin (Ex, Ey, Ez) may be the Eyellips
right Eyellipse centroid or any vision origin peint defined by the user.
5.2.2 DEFINE THE LOCATION OF THE HORIZONTAL PLANE AT Gz—Define the location of the horizontal plane to which
the items fof interest will be projected by its Z coordinate, Gz, in vehicle coordinates. Th
ground or pny elevation of interest.
5.2.3 DETERMINE THE MIRROR LOCATION AND ANGLE—The mirror location and angle are defined by finding the
equation df the surface;
5.2.3.1 Planar Nlirror—Select three points on the mirror surface not in a single line and prefera
these pqints, define the equation of the mirror plane in the vehicle coordinate system in th
A na nXaa oXaa B a
AT NVIATD iy ™o ViZTU="U
One method of finding the coefficients is given in Appendix A.
5.2.3.2  Spherical Convex Mirror—Select four points on the mirror surface not in a single line and preferably apart.
Using these points, define the equation of the mirror plane in the vehicle coordinate system in the form:
A*Mx +B*My + C*Mz + D + F* (Mx? + My + Mz?)= 0
One method of finding the coefficients in given in Appendix B.
5.2.4 DEFINE THE POINT TO BE PROJECTED—Define the point to be projected as Tx, Ty, Tz in vehicle coordinates.
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5.2.5

5.25.1

5.2.6

6.1

6.1.1

6.1.2

6.1.3

CALCULATE THE INTERCEPT PoINT—USsing the coefficients of the equation of the mirror surface, calculate Qx,
Qy and Qz. Note that for a planar mirror, F = 0.

K

Calculat

Qx= Ex—2*(2*F*Mx + A)"K
Qy= Ey-2*(2*F*My +B)"K
Qz= Ez-2*(2*F*Mz +C) K

_ (2"F"Mx + A)(Ex—Mx) + (2*F*My + B)(Ey —My) + (2*F*Mz + C)(Ez —M2z)

AZ+B%+CP-4*F*D
e the Ratio R

(Eq. 14)

(Eq. 15)

IfRis le
points N

If the ey
coording

CONVERT 1
coordinatg
any other

Plot Format

Key Input P
key vehicle

their interprg
Key Input P4

AccoMMO

- Gz-Mz
Mz —Qz
Ss than or equal to zero, then no intercept exists. If R is greater than zerg;-calcu
X and Ny. These points are in the vehicle coordinate system.

IFREO
IFR>0

NO INTERCEPTS
Nx = Mx + R* (Mx —Qx)
Ny = My +R*(My —Qy)

b point is to form the origin of the Horizontal Planar Projection, convert the points |
te system as nx, ny as follows:

nx = Nx—EXx
ny= Ny-Ey

[0 DESIRED COORDINATE SYSTEM—If deSired, the intercept points can be conve
system with origin at Ox, Oy, Oz. This origin may be at the Eyellipse centroid,
Suitable location.

nx = Nx —Ox
ny = Ny -Oy
nz= Nz-0z

arameters—All\Polar Plots and Horizontal Planar Projections are highly depen
hnd driver_parameters which have the potential to greatly vary the characteristics
tation. €are must be taken to define these parameters in order to ensure plot repg
Lrameters are as follows:

(Eqg. 16)

ate the Intercept

(Eq. 17)

X, Ny to the eye

(Eqg. 18)

brted to another
a vision point or

(Eqg. 19)

lent upon a few

of the plots and
patability. These

DATION HEEL REFERENCE POINT HEIGHT FROM GROUND—Due to the wide vari

ety of chassis

configurations available even from a given manufacturer, the Accommodation Heel Reference Point height
from ground must be specified. Care must be taken in evaluating competitors and vehicles within one's own
product line to avoid misleading results. Vehicles should be specified as equivalently as possible.

CHASSIS ATTITUDE TO GROUND—Similar to the Accommodation Heel Reference Point height the chassis
attitude to ground must be specified and declared as horizontal about the front axle, unloaded, fully loaded,

etc.

ACCOMMODATION TooL REFERENCE PoOINT—The location of the Accommodation Tool Reference Point must be
specified for each plot to avoid confusion as to how the eyellipse was located.
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6.1.4

6.1.5

6.1.6

6.1.7

6.2

6.2.1

6.2.2

6.2.3

6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

SEAT BACK ANGLE (L40)—The Seat Back Angle used must be specified for each plot to avoid confusion as to
how the eyellipse was located.

ORIGIN POINT—The plot origin point (eye point) must be labeled so it can be examined relative to the SAE
eyellipse position.

HORIZONTAL INTERCEPT PLANE—The height of the plane chosen for evaluation in a Horizontal Planar
Projection relative to ground must be specified for each plot.

MIRROR SIzE, POSITION AND ATTITUDE—The size, position and attitude of the plane and spherical convex

mirrors used in the plots must be specified. The radius of curvature for each spherical convex mirror must

what can/q
the edge
provide a
the mirror

Plot Format

PLOT AXES
on the ver

PLOT LABH
completely
the plot its
recommer

EXAMPLE H
complies V

Plot Format

PLOT AXES
vehicle, o

PLOT LABH
completely
the plot its
chosen ite

ADDITIONAL

annot be seen by the driver in the mirror. The plane mirror attitude should be-suo
pf the trailer since Federal Motor Vehicle Safety Standard #111 specifieS~that
Clear view down the side of the trailer. The spherical convex mirror attitude’shou
s used in the field.

and Example - Polar Plot

—~Plot the azimuth angle (g) on the horizontal axis with +qto-the right and the el
ical axis with +f up. (The chosen eyepoint forms the origin of the plot.)

Ls—The particular vehicle shown must be indicated: The Key Input Parameter
defined in an attached Data Sheet for the plot¢.The Data Sheet must be includg
elf in order for the Polar Plot to meet this document. Labeling the chosen items ¢
ded.

PLOT—See Figures 2 and 3 for an eXample of a Polar Plot and associated
vith this Recommended Practice.

and Example - Horizontal .Rtanar Projection

—~Plot the calculated  intercept points along X, Y axes (orientation per SAE J
other chosen coordinate system.

Ls—The particular'vehicle shown must be indicated. The Key Input Parameter
defined in an‘attached Data Sheet for the plot. The Data Sheet must be include
elf in orderfor the Horizontal Planar Projection to meet this Recommended Practi
ms of interest is also recommended.

INFORMATION—Additional information, such as an outline of the tested vehic

hown to indicate
h that it picks up
the mirror must
d represent how

bvation angle (f)

5 in 6.1 must be
d/published with
f interest is also

Data Sheet that

182) in the eye,

5 in 6.1 must be
d/published with
ce. Labeling the

e, an outline of

Lo i L L o) Ll L - L (] (] bl L '
another Vemcre, anme Markers o the ke mMay—oe meitoed o te oot

labeled.

H-nctuded;—they—should be clearly

DIFFERENTIATING AREAS—Areas on the plot should be clearly differentiated as to those areas visible through
window or mirrors and those that are not visible. For example, those areas visible may be white and those
not visible may be cross-hatched.

ExaMPLE PLOT—See Figures 4 and 5 for an example of a Horizontal Planar Projection and associated Data
Sheet that complies with this document.
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Side Window
N

9 (Azimuth Angle)
100

Vehicle John Doe: See attached data
sheet for additional vehicle information

1

-180

FIGURE 2—POLAR PLOT EXAMPLE WHICH MEETS SAE J1750
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ACCOMMODATION HEEL REFERENCE POINT HEIGHT FROM GROUND

CHASSIS ATTITUDE TO GROUND
(Angle to Ground Plane)

Chassis Load Assumption:

ACCOMMODATION TOOL REFERENCE POINT (X, Y, 2)

SEAT BACKfN.Iﬂ_L(.IJO)
POLAR PLOJT ORIGIN POINT (X, Y, Z)

MIRROR REFLECTIVE SURFACE SIZE

Planar Mirronl (Height/Width)

Spherical Convex Mirror (Diameter/Radius of Curvature)

MIRROR LOCATION (VEHICLE COORDINATES)

Planar Mirrof (Geometric Center)

Spherical Convex Mirror (Geometric Center through

plane of mirror periphery)

MIRROR AT[TITUDE

(Longitudinal

Pian View Angle)

Vehicle Dimensional Coordinate System per SAE J182a.

FIGURE 3—DATA INPUT SHEET-POLAR PLOT"

-10-
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FIGURE 4—HORIZONTAL PLANAR PROJECTION EXAMPLE WHICH MEETS SAE J1750

-11-
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ACCOMMODATION HEEL REFERENCE POINT HEIGHT FROM GROUND

. CHASSIS ATTITUDE TO GROUND

(Angle to Ground Plane)

Chassis Load Assumption:

ACCOMMODATION TOOL REFERENCE POINT (X, Y, 2)

SEAT BACK ANGLE (L40)

POLAR PLOT ORIGIN POINT (X, Y, 2)

MIRROR REFLECTIVE SURFACE SIZE

Planar Mirror| (Height/Width)

Spherical Copvex Mirror (Diameter/Radius of Curvature)

MIRROR LOCATION (VEHICLE COORDINATES)

Planar Mirror (Geometric Center)

Spherical Copvex Mirror (Geometric Center through

plane of mirror periphery)

MIRROR AT[ITUDE

(Longitudinal Plan View Angle)

Vehicle Dimgnsional Coordinate System per SAE J182a.

FIGURE 5—DATA INPUT SHEET—HORIZONTAL PLANAR PROJECTION"

PREPARED BY THE SAE TRUCK AND BUS VISIBILITY SUBCOMMITTEE OF THE
SAE TRUCK AND BUS CAB AND OCCUPANT ENVIRONMENT COMMITTEE

-12-
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APPENDIX A

METHOD FOR DETERMINING COEFFICIENTS
OF EQUATION OF PLANAR MIRROR SURFACE

A.1 Select three points on the mirror surface not in a single line and preferably apart and define them as:

Mx 4, My, Mz,
Mx,, My,, Mz,
MXx;, My,, Mz,

NOTE—PoivIuts are defined in vehicle coordinates.
A.2 The equation of the mirror plane per 4.2.2 is:
A*Mx +B*My +C*Mz +D= 0
and can be ¢xpressed in matrix form as:

A B CD
Mx; My; Mz; 1|

Mx, My, Mz, 1
Mx; My; Mz, 1

A.3 Therefore, the following matrices solve for the coefficients A, B, C, D:

My, Mz, 1 My, Mz, 1
A=1]My,Mz,1 B=|My, Mz, 1
My, Mz, 1 My, Mz, 1
My, Mz, 1 My, Mz; Mz,
C=TMy, Mz, 1 D =| My, Mz, Mz,
My, Mz, 1 My, Mz; Mz,

(Eq. A1)

(Eqg. A2)

(Eqg. A3)

(Eq. A4)
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B.1

B.2

APPENDIX B

METHOD FOR DETERMINING COEFFICIENTS
OF EQUATION OF SPHERICAL CONVEX MIRROR SURFACE

Select four points on the mirror surface not in a single line and preferably apart and define them as:

Mx,, My,, Mz, (Eqg. B1)
Mx,, My,, Mz,
MXx;, My,, Mz,
Mx,, My,, Mz,

NOTE—Points are defined in vehicle coordinates.
The equation of the mirror surface per 4.3.2 is:

A*Mx + B*My + C*Mz + D + F* (Mx% + My? + Mz?)= 0 (Eq. B2)
(where F1 0)

and can be ¢xpressed in matrix form as:

A B CD F

Mx, My, Mz, 1 (Mx,° +My, %Mz %)
Mx, My, Mz, 1 (Mx,” +#y," + Mz,%) (Eq. B3)

Mxg Mys Mz 1 (Mxg5+ My;” + Mz,%)

Mx, My, Mz, 1. (Mx,” +My,” +Mz,%)
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