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FOREWORD AND ACKNOWLEDGEMENTS

This report describes some additional work in the modeling
of vehicle meetings at night, to assist in the evaluation and
to describe the effects of headlamp beams. It is issued under
the general contract title: "Passenger Car and Truck Ligating
Research: Headlighting Phase III, Evaluation of Candidate

Systems."

During the conduct of this work meetings were held with the
MVMA Lighting Committee, Headlighting Research Task Force, con-
sisting of Mr. W. Rankin, Chairman; Mr. R.J. Donochue,
Mr. P. Lawrenz, Mr. P. Maurer, and Mr. B. Preston. Periodic

discussions with the Task Force were helpful and contributed to
this study.






INTRODUCTION

The Headlamp Visiﬁility Distance Performance Simulation,
incorporating a straight road, two vehicles, a target and an
observer, was described earlier by Mortimer and Becker (1973a).*
This report will describe some recent additions to the program
which make it more versatile and more flexible. Flexibility is
needed in dealing with targets that become lost to sight as
glare increases. Increased versatility includes a better repre-
sentation of the shape of the beam patterns near their hot spots,
the effects of glare from the headlamps of a following vehicle
as reflected in the mirrors of the main vehicle, the effects of
horizontal and vertical road curvature, and an estimate of the
discomfort glare, as opposed to the disability glare, produced
throughout the meeting. Each of these added features will be
described in detail and their effects illustrated by sample runs

of the program.

A listing of the program in its present state is provided
in Appendix 1 and a detailed user's manual in Appendix 2. The
program in its present form is operational on the HSRI digital
computer which is a DEC 11/45. It is written in Fortran VI,
The program is available for use by any interested party on

application to HSRI and MVMA.

*References are listed on page 24.



DESCRIPTION OF ADDITIONS TG PROGRAM

ABILITY TO DEAL WITH TARGLETS WHICH BECOME LOST TO o5IGHT IN HIGH
GLARE

On a few occasions, generally with targets to the left of
the driver's lane when the driver 1s looking toward the oncoming
glare car, the situatios has arisen in which there are two regions
cf visibility for the target in the no or low glare case. ilere
the plot of target visibllity versus target distance (normally
like that shown in Fig. 8 on p. 22 of Mortimer and Becker, 1973a),
has two humps; as in Pico. 1, If the 1nitial estimatc of the
target distance (as supplied by the program) is larger than that
labeled "critical targyet distance," then the upper region will be
the one used by the program. If the initial estimate is smaller,
then the program will converge to the lower region. As glare
increases, this curve will, in general, move down and to the
left... It has happened that the upper visibility region has dis-
appeared as glare increased. Now, if this happens, the program

will restart itself and luchk for the lower visibility region,

if any.
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Figure 1. Illustrative pich nf target visibility as a function of

target distance for the special case of two regions
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SECOND-ORDER INTERPOLATION IN THE VICINITY OF THE BEAM "HOT-SPOT"

In general a double first order interpolation on the log of
the intensity has been used in the beam patterns. The program
now has the additional ability to use a second-order interpola-
tion near maxima in the beam pattern; i.e., near the hotspot and
the ridges leading away from it. Near the hotspot the second-
order interpolation is used in both directions; around the ridges
only in the direction that needs it. This produces a flat area
near the hotspot/ridges while the linear interpolation in these
regions produced a cusp, which was not a good description of the

actual behavior there. Near the hotspot the equation is:

log I = %(1-h) (2-h) (1-v) (2-v)AL(I,J) + %(1-h) (2-h)v(2-v)AL(I,L)
- 4%(1-h) (2-h)v(1l-v)AL(I,N) + %h(2-h) (1-v) (2-v)AL(K,J)
+ h(2-h)v(2-v)AL(X,L) - %h(2-h)v(l-v)AL(K,N)
- %h(1-h) (1-v) (2-v)AL(M,J) - %h(l-h)v(2-v)AL(M,L)
+ %h(1-h)v(l-v)AL(M,N)
where h —%%?i%%— = V_ —V 7

and AL(K,J) is the hotspot of the beam pattern.

MIRROR GLARE FROM FOLLOWING TRAFFIC

In addition to glare from the headlamps of opposing traffic
and from his own headlamps as reflected back off the pavement
ahead, a driver is often exposed to glare from the headlamps of
following vehicles via the mirrors in his own car. Figure 2 shows
the geometry for this situation. The following car may also have
up to five headlamps, misaimed in any direction. The main vehicle
may have two mirrors - one interior, cne exterior. They may be

rectangular or circular. They may be aimed in one of two ways;
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Figure 2. Geometry - mirrors and following vehicle.



either by specifying the point at which the center reference point
of the mirror is aimed, in which case the dimensions of the mirror
are supplied by the user, or by specifying the desired field-of-
view of the mirror at some distance behind the car, in which case
the dimensions of the mirror are determined by the program.

Figure 3 shows the geometry, where the plane of the paper is the
plane containing the eye, the mirror reference point and its aim

point.

Mirror aim in yaw (rotation about its own vertical axis) and
pitch (rotation about its own horizontal axis) is found from the
desired aim point of the mirror center reference point. Mirror
roll (rotation about an axis perpendicular to the mirror face) is
defined so that a line through the aim point parallel to the z-axis
will be imaged as a line through the center reference point par-
allel to the mirror horizontal axis for rectangular mirrors. For

circular mirrors, roll is ignored. Thus:

_ -[% (zm - zq) + zm]

tan o

=
tan B F% J :
J—Eg + xm]2 +|:-lf:(zm - zq) + zm]2

where a is yaw, B is pitch, (xm, Yo zm) are the coordinates of

the mirror reference point relative to the eye, (xq, yq, zq) are
the coordinates of the aim point relative to the eye, and

r

|
B
+
=
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Thus roll (y) is found from: tanY = -tanasing

If the desired field of view of the mirror has been specified,
then the mirror aim is found by an iterative procedure, with the
initial guess at the aim point taken as the center of the field of
view. For circular mirrors the horizontal field of view will detér—
mine the mirror diameter and it will be centered on the vertical
field of view. The resulting rotation matrix is:

cosocosf sinasiny-cosasinfcosy sinocosy+cosasinBsiny
Q =| sinB cosBcosy -cosfBsiny

-sinocosB cosasiny+sinasinfcosy cosacosy-sinasinfsiny

Mirror reflectivity may be specified, as well as the trans-
missivity of the window associated with each mirror; rear for interior
and side for exterior. If polarized beams are to be used on the
following vehicle, then these windows could have analyzers associated
with them. However, it does not seem likely that rear and side win-

dows would have analyzers, so they have been omitted.

The following car remains at some specified following distance
throughout the meeting with an opposing car so that the illumination

at the driver's eye from the headlamps of the following car remains
constant.

The coordinates of the lamp image point (on the mirror) relative

to tne eye are needed for calculating the glare angle. They are:

e

Xi = (a-_;—e—) (2Ad + XQ,)
e

i = (3+e)(ZBd * YQ)
_ ., e

z, = (EIE)(ZCd + ZQ)

The coordinates relative to the lamp are needed for the angles

in the beam patterns. They are:

_ d

Xi = (5:5)(2Ae - xg)
d

Y, = (a—+—é) (2Be - yR)
d

2; = (gge) (2Ce = 2y)



Where e Ax  + Bym + sz

m

d =e - (Ax, + Byg + Cz,)

g 2
and A, B, and C are the first column of the mirror aim rotation

matrix, Q.

Lamp images may be visible or they may be invisible. The image
may fall on the mirror plane outside the given dimensions or the ray
from the lamp to the image may be blocked by the structure of the
main vehicle. This structure is assumed to be a rectangular plane
perpendicular to the longitudinal axis of the vehicle and located in
the region of the trunk. Its dimensions and location are specified
in the input. 1In either case the invisible image will not contribute
to the illumination at the eye. The value of the illumination at the
eye for each visible image and its coordinates relative to the eye
are computed for each lamp and each mirror in the input and stored
for later use. Then during the meeting the additional veiling glare
is calculated by dividing the stored illumination value by the appro-
priate function of the glare angle (computed from the stored image
coordinates and the known eye line-of-sight) and summing over all

visible images.

5 2 I

AvG = L ¢ an .
= = + . o
2=1m=1 @Rm(%m 1.5

Since the glare angle between each mirrored image and the eye
line-of-sight when tracking the target varies with target distance,
the added mirror veiling glare will also. The action of glare from

mirrors can be to reduce visibility distance and increase discomfort.

ROAD CURVATURE
It is also of interest to see the effect of road curvature
on visibility distance. The program now includes both horizontal

and vertical curvature, though only one type can be run at a time,



Each type can be either convex or concave, with a constant radius
of curvature. A convex horizontal curve is one on which the glare
car moves in a larger circle than the main car; on a concave
horizontal curve, therefore, the glare car moves in a smaller
circle than the main car (Fig. 4). The convex horizontal curve
could also be described as an inside curve, since the main car is
thus inside the glare car, or as a right hand curve, since the road
curves off ahead to the right. The concave horizontal curve, there-
fore, is an outside or left hand curve. On a convex vertical curve,
the two vehicles move up towards one another and down (relatively
speaking) after they pass one another, and vice versa on a concave
vertical curve (Fig. 5). The convex vertical curve could be
described as the crest of a hill, and the concave vertical curve

as a valley.

The radius of a curvature is the distance from the center of
curvature to the centerline of the main vehicle, on the road
surface. The independent variable, previously the longitudinal
separation distance from the driver's eye to the glare vehicle's
reference lamp, is now measured along the arc. It could be thought
of as that distance measured on the main vehicle's odometer (in the
proper units) to bring the glare vehicle reference lamp to the
same radial line that the eye is on. The visibility distance to
the target is measured in a similar way, as the distance along the
arc of the road between the eyes of the driver and the position

of the target.

Figure 6 shows an example of the geometry for a convex hori-
zontal curve. The glare angle calculation uses a cocordinate
system with its origin at the eye. The y-axis is vertical (as
before), the z-axis points toward the center of curvature and the
x-axis 1s tangent to the curvature and straight ahead. Then the

equations for the coordinates of the glare reference lamp relative

to the eye are:

X = (p+zcl—zg)smYs

y = Yg - Ye
z =z + p(l—cosys) - (zcl—zg) cosy g
where vy _ = bs

S e
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Figure 4. Geometry - horizontal road curvature,
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Figure 5. Geometry - vertical road curvature.
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) glare reference lamp

Figure 6. Geometry for calculation of glare lamp
coordinates relative to eye.
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cl
glare vehicle centerline to reference lamp, z, is distance from main

and z is distance between vehicle centerlines, zg is distance from

vehicle centerline to eye, yg is distance from road to glare refer-

ence lamp, and Yo is distance from road to eye.

For a concave horizontal curve, the y-axis is still vertical,
the x-axis is still tangent and straight ahead, thus making the
z-axis point away from the center of curvature. For the vertical
curves, the x—-axis remains tangent and straight ahead relative to
the vehicle, the z-axis remains horizontal and to the right relative
to the vehicle, and the y-axis now points upward toward or away from
the center of curvature, depending on whether the curve is concave

or convex, respectively.

The coordinates of the eye line-of-sight for target tracking
are computed relative to the eye (as above) with the target replac-
ing the glare reference lamp. The beam pattern angles of the target
and road are relative to the requisite lamp on the main vehicle;
those of the eye are relative to the lamps on the glare vehicle;
those of the mirror images are relative to the lamps on the fol-

lowing vehicle.

If the curved road is considered as a complete circle, then
the two vehicles may be separated at most by one-half of the circum-
ference (i.e. 180°), while the target may be at most one-quarter of
the circumference (i.e. 90°), away from the main vehicle. These
limits will be enforced by the program if necessary; e.g., if the
initial separation distance is too large, it will be reset to make
the angle slightly less than 180°, One-half the circumference is
also the maximum separation between the main vehicle and a follow-
ing vehicle. On curved roads the main vehicle's mirrors are still

aimed as though the road were straight and flat.

For the convex vertical curve (which could also be thought of
as the crest of a hill), there is a separation distance beyond which
the glare vehicle's lamps are invisible; i.e., the light is blocked
by the road itself. There will also be a visibility distance be-
yond which the target is similarly invisible.

Figure 7 shows the geometry for this case for the calculation
of these distances.

13



Figure 7. Geometry for grazing distances on convex
vertical curve.

14



(2p+y_ )y (2p+y )y
DSGRZ = p(arctan]| c e] + arctan[—————ﬂ——ﬁ])
(20+y )y, (2p+y )y,
XVGRZ = p(arctan[————3—~—-] + arctan[———-g—-——])
(2o+y )y,
XGRZ = parctan(—w—a—————)

Here DSGRZ is the separation distance beyond which the glare
lamps are invisible, XVGRZ is the visibility distance beyond which
no light reaches the target, and XGRZ is the distance beyond which
no light reaches the road (for foreground glare). The distance
from the road surface to the eye 1is Yar to the glare lamp is yg,

to the main lamp is Yo and to the target 1is Yo
DISCOMFORT GLARE INDEX

While the visibility distance of a typical target and the
associated disability glare are certainly important factors in
evaluating a headlamp beam pattern, they are by no means the only
criteria to be taken into account. Another important factor is
the discomfort glare to which the driver is subjected. J.B. de Boer
(1973) has devised a formula for deriving what he calls the Glare
Mark (which we will call the discomfort glare index), which is a
measure of the discomfort glare produced during a meeting situa-
tion. The program now calculates and prints the discomfort glare
index according to de Boer's formula, into which we have incorpor-
ated the effect of a following vehicle via the main vehicle's

mirrors.
Definition of Glare Mark (index) values:
Unbearable
: Disturbing
: Just Acceptable

Satisfactory

O J U1 W
B . .o

: Unnoticeable

15




The discomfort glare index as computed by the program may be
larger than 9, which merely signifies that the discomfort glare
is even less noticeable. After the vehicles pass, the discom-
fort glare index is not calculated, since there are no glare
lamps visible. The negative number printed is merely the

additive constant in the formula.
The formula 1is:

DGI = 2 log(l+C,ELU) - 2 log(DGID+DGIM) - C

1 2
where ELU = RTI
T D2
\Y
10 GL.l
DGID = I — 2
i=6DL. (6.)
171
15 2 GM.
DGIM = I )
i=115=1 +46
(61-)
3

and R is road reflectivity, Cl = 269.0966, C2 = 2,1097, TI is the
total intensity directed at the target, Dv is the distance from the
eye to the target, GL, is the intensity directed at the eye of the
i-th glare lamp, DL. is the distance from the eye to the i-th glare
lamp, ei is the glare angle between the i-th glare lamp and the eye
line-of-sight, (measured in minutes of arc), GMi' is the illumina-
tion at the eye due to the i-th lamp reflected in the j-th mirror
and eij is the glare angle between this image and the eye line of
sight (measured in minutes of arc). Note that the glare vehicle's

lamps are indexed 6-10 and the following vehicle's lamps 11-15.

16



APPLICATION OF THE PROGRAM

Figure 8 shows a computer printout illustrating the ability
of the program to deal with targets which become lost to sight
in high glare. On the first page is the printout of the input
data, the second page is the output for the upper region of visi-
bility (as far as it exists) and the third page is the output
for the lower region of visibility. The various printouts are
described in detail in the user's manual. The situation is
that of a convex horizontal curve with a radius of 5000 feet.
The vehicles are equipped with the European low beam and a
type-3 mid beam. They are approaching each other with velocities
of 30 mph on a two-lane road. The target is of 12% reflectivity
located 6 inches above the left edge of the main vehicle's lane
(i.e., midway between the vehicles). Note that the output
includes the discomfort glare index. Of all the combinations

of data run to date, this is the only one to give these results.

Table 1 shows the effects of glare from a following vehicle
as reflected in the main vehicle's mirrors on the maximum visi-
bility distance (i.e., that for no opposing glare vehicle), on
the minimum visibility distance (which occurs here at about
150 feet separation distance), on the corresponding maximum veil-
ing glare, and on the discomfort glare index. The situation is a
straight, two-lane road with the following vehicle at 100 feet
behind the main vehicle and all traveling at 30 mph. The main
and glare vehicles are equipped with typical U.S. 4000 low beams,
while the following vehicle may have one of five different sets
of lamps: U.S. 4000 low, European low, U.S. 4000 low plus a
type-=3 lamp to form a mid beam (U.S. MID-A), U.S. 4000 low plus a
second type-3 (U.S. MID-B), or European low plus the first type-3
(ECE MID-A). There are many possible varieties of type-3 lamps
available; these two are the same except for aim. The main
vehicle mirrors have reflectivities of 85% for interior and
55% for exterior, and both the associated window transmissivi-
ties are 88%. The target is of 12% reflectivity located six

inches above the right edge of the lane used by the main vehicle,
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SEPARATION VISIBILITY

DISTANCE
(FEET)

4a0a,
38ea,
3602,
3400,
3290.
IR0,
2809,
2602,
24ea,
2200,
e,
1800,
1600,
1400,
1209,
1200,
950.
9AA,
asa,
YL
750,
700,
650,
6Pa,
55e,
5P,
450,
4mg,

DISTANCE
(FEET)

159,7
159,7
159,7
159,7
159,7
159,7
159,7
159,7
159,7
159,7
159,7
159.7
159,7
159,7
159,6
159,5
159,4
159,3
159,3
159, 1
159,
158,7
158,4
157.9
157,2
156,0
154,1
150,9

MINIMUM VISIBILITY DISTANCE IS

VISIBILITY DISTANCE FOR NO GLARE CAR IS

FIELD TEST BEAM EVALUATION

VEILING GLARE
GLARE INTENSITY
(FT.CAND,) (CANDELAS)
P, P1354 309,4
0,1354 324,8
P,01354 340,1
8.m1354 355,5
8,01354 370,9
P, M1354 386,2
@,71354 4Ny, 4
2.01354 416,59
2.01354 434,3
@,01354 454,9
2.,71354 475,4
9.11355 543,3
@.,01356 611,3
?.,01358 654,3
2.71361 672,4
B.P1372 690,5
P.D1373 692, 4
. 01378 690, 4
@,71383 6R8,S
2.71391 686,6
A,01402 686,7
8,21418 686,8
2,M14u0 684,4
2.01473 682,0
2,01524 678,8
2.01626 675,5
2.01748 671,8
8,02004 668,3

DISCOMFORY
GLARE
INDEX

19,7
12,5

VUVMUVMWNI OO NNNYNNIPIEDP»OVDOQ00090
= PIS W NC NI AN DNVNND~HUNINO

OUTPUT DATA

ECE MID

SEPARATION VISIBILITY VEILING
DISTANCE

(FEET)

358,
3na,
259,
208,
159,
1ea,
50,
2,
.50,
et0a@,
=152,
.20,
=25@,
'32'3.
=350,
-4pa,
=452,
-5a0,
=550,
=600,
'650.
=700,
750,
=820,
-850,
=900,
«95a2,
1200,

120,9 FEET AT A SEPARATION OF

159,7 FEET,

152,

RUN NO, S6
GLARE
DISTANCE GLARE INTENSITY

(FEET) (FT,CAMD,) (CANDELAS)
145,7 ®,02485 663,6
138,5 P.73369 656,3
131,7 ?,0u759 6u7,2
125,5 A, 76318 634,1
124,9 P.Phu9 597,09
128,2 ®,05616 2,0
131.2 P, 74898 2,2
133,9 P, Mu288 ]
136,3 2,23789 2,2
138,4 9,83376 2,8
1ue,6 ?,33032 2,9
143,1 9,02746 2,0
145,4 ",82598 2,8
147,5 ,02311 2,0
149,3 @. 2147 ".0
152,8 B.M2011 2,0
152,2 ,@1R99 e,@d
153,4 ”,0180a5 8,9
154,4 2,m1728 2,0
155,2 B,n1664 2,0
155,9 Y.P1611 2,0
156,6 8,01567 2,0
15741 2,71530 2,0
157,5 2,21500 0,0
157.9 0,3147S ¢,9
158,2 @,01454 2,0
158,4 A, A1a37 2,0
158,7 2,01423 2,9
FEET

COMPONENTS OF MAXIMUM VEILING GLARE ARE 0,04988 FROM OPPOSING CAR AND B,081446 FROM FOREGROUND
GLARE INTENSITY AND INDEX ARE NOT CALCULATED DURING RECOVERY, VEILING GLARE IS ACTUAL VALUE OIVIDED BY THE FACTOR K,

Figure 8.

DISCOMFORY
GLARE
INDEX

NNWUWESsSS S

——y DONVNEOCO

a8 0
LVR, VR, V]
. -
- -

2,1

MAXIMUM VEILING GLARE I8 0,m6491 FT,C AT A SEPARATION OF

150, FEET,

Computer printout illustrating ability of program to deal with targets which
become lost to sight in high glare (Concl.).



TABLE 1. The Effect of Headlamps of a Vehicle Following at 100
Feet on Visibility and Glare During Meetings With an
Oncoming Vehicle, When the Main and Opposing Vehicle
Both Use U.S. Low Beams.

Target Beams .On Magimum Migimum Magimum Discomfort
Location Following Vlglblllty Vlglblllty Veiling Glare
Car Distance Distance Glare Index
None 269.5 248,0 .01848 5.4
Right ECE Low 268.1 247,2 .01891 4.2
Edge of U.S.Low 266.7 246.4 .01936 3.7
Lane U.S.Mid-B 265.9 245.9 .01962 3.6
ECE Mid 261.1 243,1 .02127 2.9
U.S.Mid-A 259.9 242.3 .02172 2.8
Left None 183.7 117.9 .06946 4.7
Edge of ECE Low 182.4 117.7 .06989 3.8
Lane U.S.Low 181.2 117.5 .07033 3.4
(i.e. on}] U.S8.Mid-B 180.6 117.4 .07057 3.2
center ECE Mid 176.7 1l6.7 .07205 2.6
line) U.S.Mid-A 175.7 116.5 .07248 2.5

It can be seen from the table that mirror glare has a much

greater effect on discomfort glare than on visibility distance.
In the worst case, for U.S. Mid-A beams on the following vehicle
there is only a 10 foot drop in maximum visibility distance, but
the discomfort glare index moves from just acceptable to disturb-
ing.

Figure 9 shows the effect of road curvature on visibility
distance for a meeting on a two lane road between vehicles equip-
ped with another typical U.S. low beam, traveling at 30 mph. The
target is of 10% reflectivity located 6 inches above the right
curb line, The radius of curvature in each case is 10,000 feet.
Reading downward on the plots the labels should be convex vertical
(i.e. hill), convex horizontal (i.e. inside or right hand), none
(i.e. straight and flat road), concave horizontal (i.e. outside or
left hand), and concave vertical (i.e. valley) curvature.

Further examples of the application of the HSRI Headlamp Visi-

bility Distance Performance Simulation to the evaluation of
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VISIBILITY DISTANCE (ft.)

500

400

300

200

100

Figure 9.

Convex Veri;?7l Cj;;gx Hi;;;ontal

» '

l

Flat and Straight® ‘4£::::§\::==~—===%f
A —

—

Concave Horizontal Concave Vertical

3000 2000 1000 0 1000
DISTANCE (ft.) BETWEEN CARS: BEFORE - MEETING - AFTER

Effects of horizontal and vertical road curvature on visibility distance.



headlamp systems can be found in Mortimer and Becker (1973b),
(1973c), (1973d), (1974a) and (1974b) and in Mortimer
(1974). Only the last includes the effects of mirrors and road

curvature.
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C coensnwessPR 0Ll AY | APl Resreermnuenneecnroneneenenen
C TUIS ST 7T ALLOL S THFE RELATIVE EVALITATION NF THE
o PEVFLEMA CF OF Val TN0S HEAD AMP SFAM PATTF~NS IN TERMS OF THE
C VISIsILITY DISTANCE PROVIDED AND THE DISARILITY GLARE PRODUCED,
C AS wELL &8 ESTIMATING THE LTSCOMFORT GLARE PROGLUCED DURING A
c NIGHT MEETING SITUATION,
c
DIVENSTION TALF(2)pLATE3),VG(3),CARDERY,JTITL(2L)Y, ITITL (4n)
COrYut BLS(RRY, Dy TSIRRY) ) LLR(AB),,GV(BR),PGI(RK),DVMIN,DVDS,GVMAX, GV
{108, DV Gy hRvia, rvE, LMD, GMe, THaX
CONMEN PSTRT, O8THP, D50, DT, DSDEL(3) , XSTRT ) XOFL,EK, FG(U),AL2),8(2),
LALX (20 12) XX (20, 2) p XSy Y50 ZS)PO(S),GSPU) ) YF,ZE, YT 2T ,6M(S,2) ) XM(5
Cr2Ya Y (9,2)y7 (542)sYGL(S) e ZGLIS) ,RHO,) XVMTIHN, LAMP(15),1LS,1EK,1GM,1
IV, TCV,08GR L, XYGRZ,FONT
Cot oM DIF,KIN, X5TOP, 7STHRT, 7STOP,DELX, DELZ,RHOS,RHOT,2CL, XE, XB, YHT
o237 2700 g0y 543y 5Y %)y S2(3),PS(3),HL(2),VD(2))REFLC2))TRS(2),P (6
212 (202)  AFT(LIS), IHG
Cimnln K, vV, Tl IVA,AL(61,22),CH,0V
DATA TALE/*Ne, 017/
DATA BLAwK/? 0/
CALL SETFTLCIL, JREAM?, TERR, DK’ , 1)
PEFTNE FIIR 1101227 16,U,NY)
¢ LEFTNE CONSTANTS
RTD = 57,024957R
DTR = ,N174533
DTRS = ,vO3rUAR1TT
DN 2 I=1,3
2 DET(I) = HLAaK
C HETE~MIYE DATE
CALYL DATF(IAT)
c LEFIWE SERARATION AND TARGET DISTANCE VECTORS

95 Xx(1,1) = 57,
Xx(1,2) = 57,
DO s T=72,10

6 XX(1,72) = X¥(Iwy,2)+50,
D7 I=11,15

T xx(1,2) = XX{I=1,2)¢10:2,
0N R TzlmR, 2"

B X¥(1,2) = x4 (1=1,2)+52%,
nr9 ¥z2,4

9 ¥X(I,1) = xxX(I=t,1)+17,
ooty T=7,16

10 XX(T,1) = X(T=t,1)42,

X (17,1) = 4.2,
X {1me1) = 500,
XX(19,1) = Ru?n,
XX(201) 5 112/,
IPLGE =

GITF(5,7990) AT, 19.L0f
QGOU FOw AT (1n1,37L, *riFALLTGHT VISTIRILITY PERFORMANCE EVALUATION?’SX3AY
1pOXPAGE TS/ 745X TNPLT NDATAY)
IPAGE = IPAGF+

o DEFINE LEFAULT VALUFRS OF PARAMETERS
bAagR = i
ROTG =,
L T S »

26




ROTRF = i 0,
L B

teOFpryY) = o8,
UsEi(2) = 1/,
PSTEL(3) = 1,

XSTRT = 200,

xMEL = R,

XSTQP - ?l)

I57PT = =%,

I5TND = ok,

LELX = 1v,

DFLZ = 2,

ACL) = 3,0

AL2) = ,3%A

8(1) = ,/1e

9(?) <, AR

CALL TFuT(H28x, ITITL)

IF CILS,LT,7) &Y T8 102
TF (LSTHT 6T XL(27,2)) Xx(20,2)=DSTRT
WRITE(S,5941)DSTRT,DSTLP
99y FC-rAT (10 PSEWARATIGN DISTANCES  INITIAL *,F8,1,° FEET, FINAL *,
{FR,,? FEFT?Y
170 /EAL{F,0900) 10, LAFD
9599 FR==aT (21,59, 4,7517,7)
00 17y T=1,2
1F (Iﬁ‘IAlF(I)) 131,1“3'191
121 CONTINF
SRITE(S, 065810, CARD
9998 FOn™aT (*OILLFGAL CARDP/1X,A1,8E13,4)
132 WEA0 (R, 0453) 1D, CLRD
IF LIR,E (IALF(1)) 6O TO 162
NDS = CASRIYY) % L5
60 TH 7Y
1A% GO 10 (2_'1'6\\?)'1
CLrt VEHTCLE GEGMETRY AND MISAIM ANGLES
PEL0 PISC FILF FOK SEAN PATTEAN DATA
2(‘& Nz C,,:("(;-l’.s
BEADCIY® Yimy Va1 Tridy TVA, JTITL, CCALCTad) s d=1, IVA), 21, THA)
NV oz ARS(AD)
A= DD
TE (DD, LT, ) beiz2xty
CALL REASS(VA740 5, CAnP, JTITL)
GTH o
c*recn . r‘-(‘:chs rnQEG,’;OUNH GLAQE DATA
6V "DS = CAKN(L) + ,5
IF (IFG,F,2) G0 TG 450
TF (ILS,".F. ) 6N T0 65
FOLOY) V(L)
POy =

Foesy = 7,

rwn 10 kY
605 TF IV 4I0v F0,2) 6N TO bte
TSA = VG (2)=v5(3)
TSH = vh(1)=vG(2)
TRL o= TSe=T154
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o

Yoe
(VAROIYRVGI3)=VG(2)2VG(2))/TSC
FG(3) =73%/TSA%TSR/TSCxTSR
FOR(W) XSxALNG(TSA/TSK)
GO TO 63,
626 TS4A VE(1)=VGZ
TS5 VG(2)=Vv6G]
T5C YG(3)=VGZ
FG(1) = VGZ
TSE = VG(2)*TSH = VG(3)&TSA ¢ (VG(1)=VG(2))2VG2Z
IF (TSR) 612,h17, 620
612 FG(2) = .,
TSD = TSA/T8R
FRC3) = =TSP*TSA
FGLY) = XS/ALNGLTSD)
GN TN 3¢
620 TSH = SORT(TSF)
EfRx = (T85#+TSN)/TSC
IF (FPX LE,v,) B 'Y=(T5H=TSD)/TSC
TEF = (TanxFuXeTSa)abthx
FG(T) TSE=TSAXERYX
FG(?) TSF/XS
FG(U4) = XS/ALNG(ERX)
637 #RITE(S,995R)F6
9996 FLE*AT ({HOPCONEFFICTIENTS FOR GOL = GA + (AXaC)XEXP(mX/B)?/UE14,4/)
FOOLY = wF5(0)
650 1F (FR(LY) 670,604, A4
bh wWPTITELS,)5915)
9995 FOwMAT (PUFCHFGROIND GLAKE DATA BAD’)
G010 116
670 IF (1Fv,tF, 1) GO 70 €75
ARITE(S)9G932) XV AR 7
9992 [Nt T (IR AMPTARGET wTLL BF BELGA CROAN OF HILL AND INVISIBLE FOR V
PISIATLITY DISTANCFS GFEATER ThAM?ET7, 1 FEET?/® NOTE THAT VISIBILIT
PY DISTAICE ®AY ARE LIMITED TO THIS VALUE®)
WRITE(S,99 R)DOG-7
9903 Fu AT (’f ALARE Cer wILL RE INVISICLE HELOA CREST OF HILL FOR SEPA
IRATT . DISTA'CES GRFATER THANCFAR,{? FEET’)
675 IF (10v,En,2) 66 TO A9¢
PO A 12115
Ko= T4
JF (LAYP(KYLE,2) GO TO 68
WPTTE(S,9993)K, (J,6M(1,d),J=1,2)
bR CONTIHLF
9993 FNLMAT (* wTEOLTY GLARE TLLUMIMATION AT EYE FROM LAMP NQO,”137 VIA M
(15700 » 0, 0127 159510, 6% FTmC, &40 KN, *12° IS’F10,6° FT=C,’)
£9r 1 VIS = v
695 CALL GLANF(TVIS)
IF (IMNVIS AT I) 62 T0 710
IF (IHaX,87,») 6L TG 777
WRTTE(S,9797) (AT, IPAGL, TTITL
9GG7 FOL AT (1hy, 4 X, PFATLIA-T VISIATLITY PERFORMANCE EVALUATINN®SX3AY
1,SX PL5F T3/ /85X 0T UT DATAC//2/XL2A2/)
CALL UITRIT(DTWS)
T IF (IMVIS,ERL2) GO TO 74p
XKSTRT = ASTRT/?2,

FG(2)
FCOY)

[ B { I Y ]

t

GO T2 498

712 IF (ADS,.GT,6) 60 TC 95
CALL FXIT
END
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SURROUTINE CURVE(1,J,X,D,E,VsW,R)

_ THIS SUBROUTINE RECOMPUTES THE COOPDINATE GIVEN ROAD CURVATURE.
SMA = ,05
TSA = I#D4R

IF (J,6T,1) GO 10 105

A = X/R
X 5 TSA*SIN(A)
GO 10 110

A = ATANCX/SORT(TSAxTSA=X*X))
IF (J,F3,2) GO TO 1292

TSR = CQS(A)

TSC 5 1,=T58

IF (A,LE,S“A) TSC= AaAa 3

W = DeTSRaFu]aR«TSC

IF (J,LT,4) RETURN

V = ReA

RETURN

END
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(o]

3

g2

9999

191

99R’2
182

193

SURRNLTT R TrPUT(RNA5-,TTTTL)
THI® S ¢ MGTHF REAPS HN0ST NF THE TNPUT CARDS AMND PROCESSFS THE
DATA AN LR,

DICE ST TALF LY, ITTITL ), 0ot (RY (A, 2)sX{2) )Y (2),2(2),NSdP(2)
Lo IT02Y, T2, %702, 9 (2),C03),5(%)

COv oy LS (Ra) DY IS(HA) S GLR(BR) GV (RA)Y,DGT(RR),DVFIN,DVDS, GYMAX, GV
1S, DVHGe GV G, GYF, 6T, GME, T AX

COMMON DSTRT,NSTOR,DSN, NST,NSNELI3) , XSTRT ) XNEL,FR,FG(U) A(2),R(2),
TALX (2700 A) g XXLP 2]y XSy Y5 LS, POLSY, RSP (), YE,2F, YT, 27,6M(5,2),XM(S
2p2) 0¥ (S 2) I (S, P)a YGLLB) 2GL(S) yRHG, XVHINGILAFP(15), ILS, TEK, IGM, T
Y, TCv, DRRE 2, X vln 7, Bum

COmer ot Tk, RIND, x6T00, Z8THT,ZSTUP, DELX, LELZ,RH05, KHOT,2CL 4 XE, XB, YBT
1o nPypZnbl @0, 58X 03, 8Y(3),ST(8)Y)RS(3),HD(2),VR(2),REFL(2),TRS(2),P(6
PrPYsl(9,2), 88 T(15),IFG

DATA ]ALF/'A',’H','S',’C','G','M',’O','p','T','V','X'.'Y’,'Z'/
DATA Tul~K/? */

DATA IT/°T0, 000/

DATA JT/*RE?,*S1%/

DATA KT/*Ar*,*DE*/

no 8 I=1,42

JTITLCI) = IBLANK
Thy = 9

ICv = 2

rt oz

]Fr:\ s ¢

IS = 4

xs = 1_1[&.
X8R = 4,

YFT = =1,
2R = 4,475
ZhL o= =1,75
EFS =
rAoLy JI=1,2
ROCJ) = O,
ViR (J) = o,

THS(J) = ¢,
KFFL (Y = 4
D3 T=1,
AFT(TY = 1,
Lavde(l) = @
£en = 277,
Ex = ,25187%
KFAD(A,Qu56) 1D, 0ARD
FRra el (1,59, 7 TE1%, )
POy T=1,13
IF (10=I£lF(I)) 121,133,191
cr TIHLE
rRPITECS,G902)10,CARD
FOAAAT (P2TLLEGAL CARULP/1X,A1,8BE13,4)
FEAD(A,3999)ID
TP O CID,ME TALFCLR)) 6D T 192
ILS = =%
FETURN

I 3] S C G e 0 P 1 v X Y z
GO TO (2”'\3' T -7'3(_')(';U: ’”15‘;"’,[):’7“,61“;65:" 75"«”'75«7082“,9'{3%' IQ"Z“)II

Corl A SEPARATING LISTANCF DATA AND ROAD CURVATURE
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274

221
2%2

92 25

2dd

9r
9pu2

225
9¢23

9234

laNel

300

352

351

IF (Coanwf (1) 6T, 0,) ND3ITRT=CaRU(Y)

IF (0R0(2) 0k, 0,) PETORRCATN(R)

IF (0o T 03),6T,7) DSD=CARD(I)

IF (CA=T (a),6G7,7%,) GO 10 201

IF (0ST,GT,0STAT%,S) DST=D53TRT*,5
Gn T pro

ST = CA-D(4)

IF (CARRIs) ,0T,7,) DSOEL(1)=CARD(S)
IF (CARDLAYFI,2,) GO T0O 1o

RHG 2 CAYD(n)

RROT = 2, %kHD

RHOS = RHN%x2HON

DO 2% Iz1,24

TF (XX(T,)1),RF,RN) XX(1,1)=RHC=1R,
CORTINGF

IF (LSTRT,LTPIXRHO) GN TO 2ud

TSA = ,P1*RhN

I = 784

TSR = 1

D3TRT = 32~ ,%T38

PRITE(5,92:18)

FORMAT ({HA’THITIAL SEPARATION DISTANCE TOO LARGE FOR RADIUS OF CU

FRVATIRE®)

JF LCART (7)Y ,EQ,7,) GO TO 205

MV = CAnD(T)

TF (IHV, AT, ) WRITE(S, 9471 )RHN

FNRMAT (1b2PRUAD TS A HILL CREST WITH RADIUS OF’F9,1’ FEET")

IF (TRVLT,7) »RITE(5,922)RHD

FORMAT (1h7?ROAND IS A VALLEY HITH RADIUS OF*F9,1’ FEET*)

GO TO oy

ICV = CAKD(R)

IF (ICV,GT %) »RITE(S,90a3)RHD

FORPAT (1h**<0AD 15 A& RIGHT HAND CURVE WITH RADIUS OF’F9,1’ FEET?)

IF (ICVLT,?) ~RITE(S,)FAL)RKN

FORMAT (4V o #%0A0 TS A LEFT HAND CURVE #ITH RADINS OF’F9,1° FEET®)

GO TO tu2
CARD B RUAD REFLECTIVITY, BASIC TARGET REFLECTIVITY, EYE
RECOVERY KATE AtD NeSERVER RELATION COEFFICIENTS

IF (CART(1),6T,™,) PODRz M1*CAKD(Y)

IF (CARD(2),6T,0,) RASRz=CARD(2)a%x?

IF (CARD(3),6T,7,) Erz=CARE(Y)

TF (CAxD(4),LF,?,) GO TO tu2

A1) = CaP0((4)
A02) = CaPD(B)
BlL) = CARG(H)
K(2) = CARDI(TY)
GN 10 1760

LARD S EYE LINE=OF=SIGHT
IF (CARD(1),LE,2,) GO TO 351
XS = CARUI(Y)

ILS =

GO TO (o

XS = CARD(4)
YS = CARDI(Y)
28 = CihxD(s)
s = »
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9994

unn

990y

4ay

425
557
551

9997

67

WPITE(S5,9964)X5,Y5,1725
FORMAT ({HCPFIXFL FYE LINF=QF=SIGHT COMPONEMTS?3EY3,4)
GOTO 1ae

cakp C EYE)TARPGET,AND VELOCITY DATA

ICL = CAarD(1)

P& = Fx/(CARD(2)+CARD(3)) >, 6R18 142
XI = CARDC(4W)

YI = CARN(SR)

21 = CAKD(G)

XE = XI/12,

YE = YI/1P,

B = 71/12,

YT = CARC(7Y/12,

IT = CARL(RY/ 12,

wRITE(5,0924)CaRN
FOOMAT ({HA’CENTERLINE DISTANCEF6,1° FEET, VEHICLE VELOCITIES MA
118 ='Fh, 1% ¥PH, GPPOSING =/Fh,1% PPH’/? EYE 1S°F6,1° IN, REHIND LA

2UFS,*Fh, 1 TN, AHNVE ROAD AND’F6,1? I, LEFT OF CENTERLINE?/ * TAR
IGET ISPFe,1? I, ahOVE ROAD AND? Foel? IN, FROM CENTERLINE?)

IF (1IS,EN,P) 6N TO 40y

YS = YT=YE

25 7T+7F

TSA = YS&YS

753 = 28%75§

GSP ) 9,25%75

GSP(P) 2,*XS¥GSP (1)

530 (3) £S5 e5h2S* (TSAEXSk%P)

63V (4) TSA+TSH

ICV = =ICV

Do uvs I=1{,3

SX(1) = X581

TRA = 5X(1)

15 s

1SC 78

TF (IRY, B, 7) CALILL CURVECIHV,3,TSA,YT,YE,TSA,TSR,RHO)
IF (ICV tF,™) CALL CURVE(ICV,3,TSA,27,=2E,TS4A,TSC,)RHD)
SY(I)
S7(1)
nE8(T)
GO To v

“won ¢

13
TSC
SUK

T(TSAXTSA+TOBATSR+TSCATSC)

CARC G FOREGROUND GLARE
U6 551 I=1,4
FO(1) = CAeN(I)
wPITE(5,9997)F6

FOSVAT ({0 PFOREGROUND GLARE COEFFICIENTS?/UEL2,4)
FOOLY zwFf(4)
IF, =
GO TO yav
CHRD M MIRROR DATA
¥ = CARDC(1)+,S
1600 =
X(~) = XI=CAKNCD)
YO ) = Car(3)=Y]
Z2(r) = CArPn(u)+ll
KO") = SURTEX() X (MI+Y(M)IAY(M)+Z(MIRZ(M))

IF (CARD(R),(T,%,) REFL(M)=CARD(S)
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c

614

999

9992

652

NSHP (M) = CARDCA)+,5
IF (Cawli(7),6T,,) TRS(M)Y=CARN(T)
G0 OTO 4t
rarh 0 MIRROR ORIENTATION

¥ 3 CARPD(1)+,5

RD (M) = CARD(2)/24,

VI3(4) = CARD(3)/24,

YR = CARD(4)mY]

16 = CARD(S)Y+2]

X0 = LRI

TF (CARD(ARY,MEL@,) XQ==12,%CARD(6)
DX = Y (M)wul)

DY = Y(!)myYD

CZ = Z(V)=2"

F oz SGRT(NAxILY+DY®DY+DZ*DZ)

S

TSA = R(M)/F

TSy = TSAxDX+X (M)
TRC = TSA*DY+Y(H)
TS0 = TSA=07470)

184 = SORT(TSEATLR+TSNATSH)
A\ RTN* TA (=TS50/T80)
PTCH = RTDxATAL (TSC/TSA)
FOLL = 0,

~

IF (rSAP(M) 46T o) ROLL=ATDXATAN(TSD/TSR2TSC/SART(TSAXTSA4TSCTSC))

TE (1 BN 1) #aWITF(5,9997)
FORMUT (Qrr?TRKOR TYRPE!AX?LOCATION (INCHES) STZE (INCHES)

e TENTATIN, (THORLES)"AXPCENTER POIHT AIMP{SX’TRANSMISSIVITY’/{KH *N
D B CLAXINT XY RK2 WIDTH HEIGHT YAWPIX*PITCH’SX’ROLL 7X’X’
InX¥?Y’ hx?, wHFLECTIVITY OF WINDOW?)

TSA = X(F)ed]
T30 2 Y (' )+Y]
TSC = 200)«71

WRITES,96%2) p TT(N )y TEA,T68, TS0, CARL(2), CARMG(3),YAW,PTCH,ROLL, X0,

{CARD L)y CARDLS) , PEFL (M) JT (M) kT (M), TRS (M)
FOPYAT (4 Tdy SXA2PTERIORYSFT 1, 3F10,5,3F7,1,F9,4,5X2A2,F8,4)
GN T0 eS8k
CAvD P MIKRCR FIELD OF VIEW
vy oz [AHP(1)¢,R

YR = (2L (2)=Y]
YE = (RS (3)wY]

IRz Camo(u)ell

ZL = Cawih(5Ye]

X0 oz =3hc,

IF (LA E(R)ME, ™) X0zm12,%CAND (6)

TEA = «Xu/12,
AR ITE(S, 9911 TT (1), TSA, CARD(2),CARD(3),CARD(S),CARDCY)

9611 FPR¥AT (| A2°TE~TOP MIRKROK FIELD OF VIEW AT*F6,1° FEET BEHIND EYE
1p?F5,1% TN'F5,17 INCHES ARCVE KOAD,’F7,1” TO’F6,1’ INCHES FROM CEN
STERLIME")

IF (CARD (7)Y, NE,0,) EPS=CARD(7)
YREL = YFmyR

IPEL = 70 =/L

YEPR = YPFL %F¥S

PV = /0EN atES

CX = X(F)wxD

PXS = Mxxnyx
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651

652

653

654

'JI = ¢
4]

5,
vV o= 1,
TF (CSEP(R) 4 LF,2) k22,5
YO = S*{Y+YF)
16 = 5% (ZR+ZL)
NI = NI+
IF (MI,GT,10¢) CALL EXIT
NZ = @
DY = Y(H)=YN
07 = Z(M)=7u

F = STuT(MXS+DYRDY$DZADZ)
TSa = R(Y)/F

XA = DX*TSA

YA = DY*TSA

ZA = DZ2xTSA

TSH = X()+YA

TSC = Y(~)+YA

TSD = Z(M)+2A

TSE = SHRT(TSHxTSR+TSCxTSL)
TSG = SNKT({TSEXTSE+TSN*TSN)
IF (NSHP (™), LE,?) GO TO 652
TSA = P/TSG

T8F = 1S9/T78F

786 = TSrexn

XP = «TSA*TSF*TSU

IP = TSAXTSE

I6GN = 1SN=(Z2P+2M)/(XP+XA)YXTSG
IGT = TS5 w(7PmZA)/(XPaXA)XTSG
XP o/ TSE*TSC

YP = V&TSF

YGO = TSC=(YP+YA)Y/(XP+xAYXTSG
YGT = TSC=(YP=YA)/(XPeXA)XTSG
VY = V/(YGRT=YGN)*YDFL

GO TO 653

TSF = SCxT(TSExTSB4TEN*TSD)
TSA = W/TSF

TSE = r/75%

TJSG = 1ShwX?

XP = «T8a%TSD

7P = TSARTSH

IGG = TSLe(7P+ZA)/(XP+4AA)RTSG

nT TSU=(ZP=Zr)/ (XFPmXA)XTSG
XP = «TSF/TSFaTSexTSC

YP = TSE*TSF

YGO = TSC=(YP+YA)Y/(XP+XAY*TSG
YGT = TSCe=(VP=YR)/(XPuXA)XTSG
VV = K

00 = =7l

INT = 72GT=/R

YOO = YGPwYR

YOT = YGT=YF

IF (ARS(ZDO) GT,ZEP) GO TO 654
IF (ARS(ZDT)Y LE,ZFP) GO TO 655
20 = Z0=,8%(Z2D0+ZDT)
H = H/(2GT«7G0)*Z2DF|
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.l = 1
655 IF (ASS(YN),GT,YFF) G0 TN 656
IF (AFSCYDTY, LELYEPY GO TO 657
656 YD = YDe 5x(YDN4YNT)
V = vV
IF (.SrP (Y, 0T,") GO TO 451
TF (APS(YIN4YD 7) GTLYEFR) GO TO 651
657 1F (Z,h8,) 60 16 65\
YAhr, = RYLxATANM(«TSD/TSE)
T84 = SEuT(TSRATSH+TSH*TSD)
PICH = FINDxATAN(TSC/TSA)
ROLL = 0,
IF (t6RP(¥),6T,7) ROLLSRTDxATAN(TSD/TSB*TSC/SORT(TSA®TSA+TSCHTSC))
IF (1 5mP (), LE.B) V=@,
HD(H) = /12,
Vir(r) = v/12,

G(lah) = 24%H
G(2y%) = 2,%Y
GC3ym) = Yaw
GlL,™) = PTCH
GG, 1) = Riolt
G{men) = XO
GU7,") = Yisvl
G(Ry™) = 7.=71

658 C(1) = COS(MTIPxYaw)
S(1) = SIM(DTRxYA«)
C(2) = COS(NTRAPTCH)
S(2) = SIM(NTR4PT(H)
C(3) = COS(RTRxRULL)
S(3) = SIN(DTRAROLL)

CO#PUTE ROTATION MATRIX FOR AIM IN YAW, PITCH AND ROLL
TSA = C(2)
GOLpMm) = TSAXC(Y)
G{8, 1) ==TSAXS(7Y)
S, ") T3A*C(3)
G(3,b) ==T3A%S(1)
TS84 =z=5(2)
L{2yn) = =TSA
TSR = C(1)I*C(3)
TSC = S(1)*3(3)
NlU,") = TSA*TSH+TSC

o

d(G,t) = Y5LxTSC+TSR
TSee = C(1)%x5(3)

TSC = S(1)YxC(3)
{by™) = ToHeTSCATSA
N(7,1) = TSC=TSRB*xTSA
NG 659 T1=1,3

J = 3xl=p

PLLord = (XC) x0Ty M) +Y (M) 2G(J+L, H)+Z(”)*Q(J+2;“))/12.
659 P(T+3,5) = 2,*x0(I,M)*P(1,M)

IF (“,EN,1) G0 TO 10@

SRITE(5,9992)

DO 66© Mz21,2

TSA = X(*)ex]
TSH = Y(M)+Y1
TSC = 2(")=7]
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6b% WEITE(5,999P) 1T (1), TSA, TSR, TSC, (G(I1,M),121,R),REFL(M),JT(M),KT(M
1),72504)
GooTnoyo
C Chho T TITLE
TA2 REAN(F,99G64)IT11L
9991 FORMAT(HPAD)
YRITE(S,9909)TTTTL
G939 FORMAT ({HG, {¢'X,4742)
GO TO 1
C CARD vErTCLE STRUCTURE DATA
752 X8 = CARDL(1)/12,.,=XE

YRT = CARD(P)/12,=YE
ZBR = CARD(3)/12,+1E
%L = CAwD(U)/12,.+LE
GO TO (o
c CARD X RNAD DATA
820 XSTOP = CAND(2)
ZSTRT = CARM(Y)
29T0P = CAwD(H)
DFLX = CaARD(S)
DELZ = CARD(SA)
GO TO (2w
C CARD Y POLARIZATINN DATA

922 M = CARO(1)4+,5
IF (M GT,0) GO TN 9np
TS& = CARD(2)

187 CARD(R)
Yu = TSA+SFT(TSAXTSA=TSH)
v = TSR/Yw

WQITE(‘),QQQB)YSA:TSH
99973 FrRMAT (1hi*, * AVALYZEP TRANSMISSIVITY IS’FAR,4? AND SELF-EXTINCTYION
{ COEFFICIEAT TSPF 11, T7//4XPREAMPTIX FILTER?SXSELF=EXTINCTION ANGLE
PIN ANALY/ER«FTILTER?/IXPNUMBER TRANSMISSIVITY COEFFICIENY ANAL
IYZER TRANSMISSIVITY?)
G0 70 {0
G2 TSA = CARD(P)
TSH = CArO(3)
Y] TSA+S HT(TS+*TSA=TSR)
.1 T5P/Y]
TSC = COS(CARD(A)*UTH)
TS = (Sa{YVkZT+2A*YI¢(YNwZW)x(YImZT)xTSC*TSC)
AFT(M) = TSD
16 (M,GT41 1) AFT(M)STSA
IF (»,0Ea11) RO TO 903
T80 = 1,
T3¢ = 2y
yRITE(S,9933)75C, TGF
9933 FfinetaT ((HA?FOR W THDNAS ASSOCIATED WITH MIKROKS, ANALYZER TRANSMIS
{SIVITY TS°F8,4% A*D SFLF=EXTINCTION CNEFFICIFNT IS’F11,7//UX*BEAM’
CTAPFILTERSAPSELFmEXTTCTION AMGILE TO ANALYZERWFILTER®/3X?NUMBER
ITRAMSMISSTIVITY COFFFICIFNT AMALYZER TRANSMISSIVITY?)
973 SRITEC(S,G996) ) TSA,TSH,LERD (L), TSN
5996 FORMAT (AXI3,hXFE,8,6%XF11,7»5XF5,1,U4XF11,7)
GO TO tre
C CARD 2 TARGET WEFLECYIVITY
1200 TF (CARRCE2),6T,7) XSTRT=CARD(2)

4
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IF (CA~P(3),6T, ") XNEL=ZCARN(3)
IF (1% ,69,¢) 60 10 999

TSA = (Xi-¢xbF)n1D,
TSH = (YE+YRTYIA{?,
TSC = (7=R=7FE)%x12,
TST = (7RlL«7k)%x12,

ARITF(S,3921)T54, 78R, TSC, 13N
99y FORMAT (1w "URSTRUCTING PLAME IS’F6,1* INCAES REHIND LAMPS, TOP 1S
17F5,17 1-CHES ARCVE RNAD, EDGFS ARE’FS,1’ AND®F6,1° INCHES FROM CE
P2rTERLINE?)
999 WRITF(5,)39u4)
990s FORMAT (1H',? NRSERVER XFLATION FNR TARGET INTENSITY = EXP(A+B*D)
{, »HERE D IS VISIRILITY CISTANCE?)
WRITF(5,59%5) 4,5
9995 F (AT ({H PCOFFEICIENTS FOIX A = C+0(4TH ROUT OF Gl), B = EBE+F(SO
{RT OF GIY*/7240 12X N P12 E 1PX FP/ub13,4)
IF (CAPD(u),LF,y %) G TD $20y
REFT = CARG(4)/R4SR*CARD(4)
wRITE(YS,%082)CARN0(4)
99RA FOKMAT ({~ *TARGET WREFLECTIVITY IS’F14,1° PER CENT?)
ACL) = H(1)=aL05(REFT)
{2721 TSA 3 /7, %<"7D<
FRITE(S,9979)TSA,F4
9989 FARYAT ({HA’RASIC TARGET REFLECTIVITY FOR ORSERVER RELATION IS’Fe,
11° PER CEMT, NOMINAL EYE RECOVERY RATE PARAMETER IS°F9,6' PER SECO
2MD*%)
TSA = {20, xF7OR
ARITE(S,SORTYXETIP,7STAT,25TUP, TSA
9987 FORMAT (IR ILLNINATED AREA OF PAVEMENT EXTENDS’F6,1’ FEET AHEAD
10F LAMPS AND'Fh, 17 A*D?F6, 1" FEET FROM CENTERLINE’/{X?ROAD REFLECT
2IVITY 1S’F6,1° PER CENT,’)
RC = YExDFLX*DELZ*RODR
IEK = CARD(7)
RETU9M
END
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(s XaNal

SUBROUTINE BEAMS(VGZ,VG,CARD,JTITL)
THIS SUBROUTINE TAKES YHE LAMP GEOMETRY AND MISAIM AND CALCULATES
THE ANGLFS OF THE ROAD AND TARGET, EYE OR MIRRORS IN EACH MAIN,
GLARF OR FOLLOWING VEHICLE LAMP REAM PATTERN, RFSPECTIVELY,
DIMENSTIOM AC(9),C(3),D(3),E(3),S(3),VG(3),JTITL(21),CARD(B),W(9)
COMMON DDS(BAR),DVIS(RBY,GLR(BB),GV(BB),0GI(8R),DVMIN,DVDS,GYMAX,GY
10S)DVNG,GVG,GVF,GMT, GME, IMAX
COMMON GSTRT,DSTOP,DSD,0ST,DSDEL(3), XSTRT,XDELJEK,FGCU),AC2),B(2),
TALXC20,10),XX(20+2)9XS)YS,2S,PO(S),GSP(U),YE,ZE, YT, ZT,GM(5,2),XM(S
202)eYM(5,2),7M(5,2),YGL(S) »ZGL(S) )RHO, XVMIN, LAMP(1S),ILS, IEK,IGM,
3KV, 1CV,DSGRZ,XVGRZ,RODR
CoM~0n DTR,RTD,XSTOP,ZSTRT,ZSTOP,DELX,DELZ,RHDS,RHNT,ZCL,XE,XB,YBY
1o2PR,ZBL,RC,SX(3),SY(3))SZ(3),RS(3),HD(2),VD(2),REFL(2),TRS(2),P(b
212)00(9,2)AFT(15),IFG
M 2 CARD(1)+,S
MM = CARD(R) ¢ .S )
COMPUTE THE ROTATION MATRIX FOR MISAIM IN PITCH, YAW AND ROLL,
DO 102 I=21,3
TSA = CARD(I+4)#DTR

S(I) = SIN(TSA)

1@ C(I) = COS(TSA)
TSA = S$(2)*S(3)
TSR = C(2)#C(3)
TSC = S(1)

W(6) = TSB+T1SA*TSC
W(7) = =TSA=TSB#TSC
TSA = S(2)*C(3)
TSR = C(2)*S(3)
W(4) = TSC2TSb=TSA
w(Q) = TSB=TSA=TS(C
W(2) = TSC

TSA = C(1)

W(1) = TSA«C(2)
wW(R) = TSAxC(3)
W(3) = TSA*S(2)
W(5) = «TSA*5(3)

TF (LAMP(M),EQ,@) LAMP(M)s)
LAMP (M) = M| AMP(M)
If (M,GT.17) GO YO 238
IF (M=6) 21,160,178
PROCESS MAIN VEHICLE LAMP GEOMETRY
20 IF (M,NE,1) GO TO 40

D(1) = =XE

D(2) s CARD(3)/12,.,
D(3) = =~CARD(4)/12,
VGZ = @,

N0 30 I=1,3

VG(l1) = ¢,

3 ECI) = D(I)
TSA = D(2)+,5
XC = XE/(YE=TSA)#TSA
XVMIN = XE
WRITE(S,9985)M, (CARD(I),122,4) )M, (CARDCI),I25,7) MM, JTITL
99@5 FORMAT (1HP,’DISTANCF BETWEEN HEADLIGHT NO,’I12° MISAIM ANGLES (D
1EGREES) BEAM PATTERN?/’ AND (ING) XP6X°Y’6X?Z?TX°INDEX VERT,
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2HOR, ROT, INDEX  NAME®/UX’ORIGIN®SFT,1,18,1X3Fb6,1,16,3X21A2)

4o
Se

99@6

6n

70

90

100

1o

IF (IWV,NE,1) GO TO 60
XGRZ © RHO®ATAN((SART((RHOT+D(2))*D(2)))/RHO)
XVGKRZ = XGRZ+RHO®ATAN((SQRT((RHOT+YT)2YT))/RHO)
1F (XSTOP,GT,XGRZ) XSTOP=XGRZ
GO 70 60
00 S0 I=1.,3 .
D(Y) = E(I)+CARD(I*1)/12,
WRITE(S,99A8) M, (CARD(1),132,4) M, (CARD(I))125,7) MM, JTITL
FORMAT (ufoﬂ.’12o1X3F7.1:6X12.1x3Fb.1:0XIZo3X21AZ)
TSR = D(2}%+,5
TSA = (YExCARD(2)/12,4D(1)%TSB)/(TSBeYE)
IF (TSA,GT.XC) XC=TSA
TS‘ s .D(l)
IF (TSA,GT.XVMIN) XVMINZTSA
IF (IFG,NE.X) GO TO (2@
CALCULATE FOREGROUND GLARE FOR THREE POINTS AND STRAIGHT AKEAD
RM = RCHAFT(M) '
X = XC+,5%DELX
YLP = =D(2)
YEP = eYF
XLP & X
XEP = X=CARD(2)¢XE
YLPS = XLP#XLP
XYEPS = XEP#XEP
1F (THV,NE,®) CALL CURVE(IHV,3,XLP,0,,0(2),7SA,YLP,RHO)
IF (IRV,NE.B) CALL CURVE(IHV,3,XFP,0B,sYEs+TSA,YEP,RHO)
YLPS = YLP#YLP
YEPS = YFP*YEP

Z = ISTRY

ILP = Z2«D(3})

IEP = Z+7E

TSA = X[ PeW(1)4Y | Pew(2)¢ZLPaW(3)

H o2 PYNWATANC(XLPRW(U)SYLPaw(S)4ZLPaW(h))/TSA)
V = RTDxATANC(XLP*W(T)4YLP*W(B)I+ZLPrW(9))/TSA)
CALL INTAB(H,V,T)

TSA = YEPS+ZFP+ZEP

TSR = XL LPSeYLPS¢Z|LPwZLP

TSC = XEPS+TSA

TSF = T/TSC*RM/TSC/TSH

TSR = ATAN((SQRT(TSA))/XEP)

VGZ = VGZ+TSE/TSBxXEP/(TSB¢,R2618)

DO {73 1=1,3 .
TSD = XEP#SX(I)+YEP«SY(I)¢ZEP2S2(1)

TSA = YEP#SX(I)=XEP*SY(])

TSR = Z7EP*SX(]1)=YEP#SZ(I)

TSC = ZEP#SY(I1)mYEP®SZ (1)

TSF = ATAN((SORT(TSA*TSA+TSBeTSB+TSC*TSC))I/TSD)
VG(I) = VG(I)+TSE/TSFaTSD/RS(I)/(TSF¢+,M2618)

IF (Z,GE,ZSTOP) GO TO 110
7 = 2¢DEL2Z
GO 70 9@
TF (X,GE.XSTOP) GO Y0 {2@
X = XeDELX
GO TO 7e
CALCULATE INTENSITIES DIRECTED AT TARGEY
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120

150

160

165

170

180

2en

230

9904

Y & YT=D(2)

= 2T«D(3)

DO 150 I=1,20

X 3 XX(I,1)eXE

IF (IHV NE,D) CALL CURVECIMY,3,X,YT,D(2),7SA,Y,RHD)
IF (JCV.NE,@) CALL CURVECICV,3,X,27,0(3),TSA,Z,RHOD)
TSA = XaW(1)eYRW(2)eZeW(3)

H 2 RTNRATANC(X*W(U)+YRN(S)+Z2W(H))/TSA)

V = RINDKATAN((X*W(T)+YNW(BI2xW(0))/TSA)

CALL INTAB(H,V,T)

ALX(I,M) = TwAFT(M)
RETURN
PROCESS GLARE VEHICLE LAMP GEOMETRY
D(1) = e,
D(2) = CARD(3)/12,
N(3) = CARD(U)/12,~2CL
E(2) = D(2)
E(3) = D(3)

IF (IHV,NE,1) GO TO 165 .

NSGRZ = PHOR(ATAN((SART(D(2)*(N(2)+4RHOT)))I/RHOI*ATAN((SQRT(YE(YEe

{RHNT))I/RHD))

WRITF(5,9905)IM,0(1), (CARD(I),I1=3,4),M,(CARD(I),I=5,7),MM,JTITL

GO TO {a@

DY) CARD(2)/12,

D(e2) EC(2)+CARD(3)/12,

ney) E(3)=«CARD(4)/12,

WRITE(S,9976)1M, (CAPD(I),122,4),M,(CARD(]I),1I35,7),MM,JTITL
CALCULATE INTENSITIES DIRECTED AT EYE

N = Mme§

POCN) = D(1)

YGL(N) = D(2)

ZGL(N) = D(3)

Y = YE=D(2)

2 = 2E+D(3)

DO 22w 121,20

X = ¥x(I,2)

IF (THV,NE,2) CALL CURVE(IMV,1,X,YE,D(2),TSA,Y,RHO)

I1F (ICV,MNE.®) CALL CURVE(=ICV,1,X,2E»=D(3),TSA,Z)RHO)

TSA = XaW(1)eYrW(2)¢2ZeW ()

H o= RTPRATANC(X*W(U)+YRN(S)+ZawW(6)I/TSA)

V 2 RTNAATANC(XAW(T)¢Y*W(B)I+ZaW(9))/TSA)

CALL INTAB(H,V,T)

ALX(I, M) = T#AFT(M)

CONTINUE

RETURN

PROCESS FOLLOWING VEHICLE LAMP GEOMETRY
IF (M NE,19) GO TO 249
XF A CARD(2)
YLA CARDC(3)/12,
ZLA = =CARD(4)/12,
XFS XFA
YL = YLA
IL = ZLA
WRITF(S,99@4)XFS R .. ,
FORMAT ({HO’DISTANCE FROM EYE TO HEADLAMP ND, 1i IS*F7.,1° FEET®)
TSA = A,




e ko

e |

St o €7, gt o

WRITE(S,9905)M,TSA, (CARD(1),1m3,8),M) (CARD(I),185,7),MM,JTITL
60 10 25@
240 YFS = XFhe CARD(Z)liz.
YL = YLA+CARD(3)/12,
2L = ZLA+CARD(U)/12,
WRITE(S,9906)M, (CARD(I),122,08),M,(CARDII)»125,7) MM, JTITL
CALCULATE INTENSITIES DIRECTED AT MIRRORS

259 X = XFS$
Y =2 Y_LeYE
2 = 2L+LF
M =2 Meip

IF (Inv, N& @) CALL CURVECIHV,{,X,YL,YE,TSA,Y,RHO)
IF (1CV, NELM) CALL CURVECICV,1sX, ZL.-ZE.TSA.Z.RHOJ
DO 319 N=1.2

GM(MyN) = @,

IF (HD(N)Y, E0.2.) GO To 318

TSA = N(P,N)*Y ¢ Q(3,NInZ

TSP = P(1,N)/(20%P (1,M)#R(1,N) #XaTSA)

PEL = (G(9,N)#Z & O(B,N)aY = Q(7,N)*X)*T3D=P(3,N)
EPS = (Qre,MHI*Y & N(S,M)*Y = Q(U,N)*X)*TSD=P(2,N)
TSR = (Q(2,MN)*Q{2,N)+Q(3)NIRQ(I,N))I#X

TSF = M1, N)*TSA+TSB

IF (VDIM) GT.E,) GO TO 2880
1F (SORT(EPSHEPS+DEL*DEL)GT HD(N)) GO TO 310
GO TC 290
280 IF (ARS(EPS),GT,VD(N)) GO TO 3i@
IF (AHS(DEL),GT,HD(N)) GO TO 310
290 T5C = P(1,NY4G(I,NI#X = TSA
XMEM,NY = TSP (2, xTSCxQ(1,N)eX)
YHEM,NY TSDe(2,*TSCxQ(2,N)¢Y)
ZH(M,N) = TSDe(2,#TSCB(3,N)+2)
TSD TSC/(TSC+P(14N))
TSA = P(5,N)=Y
TSR = P(6,N)=1 \
Y8 = TSCH(XERTSASYRP (4, N)+XaP(S,N))
26 = TSU(XBRTSB4Z#P (4, NI +XxF(6,N))
IF (YB.GT,YET) GO TO 3P0
IF (78,6T,Z8R) GO Y0 3n@
IF (78,6T7,28L) GO YO 3@
IAR TSC = P(U,N)eX
TSD = TSCaW(1)+TSANW(2)+TSRaW(Y)
H = RTD®ATANC(TSCRW(U)+TSARW(S)+TSRAW(AK))I/TSD)
V oz RTDNATANC(TSCHW(T)+TSA4n(B)+TSR*W(9))/TSD)
TSD = TSARTSA+TSBwTSH
CALL INTAB(H,V,T)
TSA = TSCeTSC4T8D
GM(M)N) = T/TSANAFT(M+10B)=TRS(N)*REFL(N)
I1® CONTINUE
RETURN
END
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SUBROUTINE INTAR(M,V,T)
THIS SHE~MITIVE THMTERPOLATES TO FIND THF INTENSITY FOR A PAIR OF
HOKT/ZOLTAL ATD VERTICAL ANGLES I8 THE PEAM PATYERM, IT USFS A
GOURLE SECOLN ORLGER SCHEME NEAR THE HATSPOT, SECOND ORPDER IN ONE
DYRECTIC: Aub FT&ST ORGER IN THE OTHER NEAR RIDGES, AND DOUBLE
FI=ST OkDFR ELSFOHIRE,
COMNON DAS(ARY, OVIS(HR),GLY(8R),GY(RB),NGI(AB),DVMIN,DVDS, GVMAX, GV
(DS OVRG,GVG, CVF, 61, 60, TTAX
COMMON DSTRT,NSTOP,DSD,NST,NINDEL(3) ) XSTRT XDEL FK,FG(U),A(2),B(2),
TALX (20, 14), XX (20,2 s XSy Y5, ZS5,PU(S) RSP U)W YE,ZE, YT, 2T ,GM(5,2),XM(5
202)0YM(592)427(542) s YGL(S)»ZGLLS) yRHD, XVMIN, LAMP(15), ILS, 1EK,IGM, 1
TNV, ICV,NSBRZ, XVGRD, RODK
COM 0N NTR,RYD,XSTOP, ZSTRT, 2STOP,DFLX, DELZ,RHOS,RHOT, ZCL, XE,XB, YBT
12,7280, R0, SX(3),5Y(3),52(3),KS(3),n0(2),V0(2),REFL(2),TRS(2),P (&
202)03(942) pAFT(19), IFG
CONMON MH,VV, THA, IVA,AL(61,22),0H,DV
DATA ERS/,201/

o aNeNele

JH = |
Jv = {
KN =
LV =
R 4z

Nz 2
TSE = 1,
TSF = ¢,
IF (H,GE,HH) GO TO (@
K = 2
I =1
JH = =]
GO TN 3P

{21 = 1 4 (rHeHH)/DH
IF (1.GE,IHA) GO TN 24
K = T+1
GO TG 34

2a I = IHA
K = =
JH = =
KH = =
TSF = =1,

T TSSO = HMmDHeDHR]
TSA = (H=TSND)}/DH*TSE
IF (v,GE,VV) GO TO 43
L =2
J = 1
JV = =y
LV = =}
GO TO e

49 J = 1 4 (VeVy)/Dy
IF (JJGE,IVA) GO TO S9
L = Ja
GO T0 &4

S J = TVA
Los J={
Jv = =1
TSF = ={,

6 TSN = yvahyeNVx]
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O

T3% = (VeTOR) /DY
CHFCX FOR EXTRAPOLATION
IF LV, LT, 0%y G0 T 163
bu IF (JHeJV) 65,127,849

COHRLE EXTRAROLATION
65 TSC = AL (Y, )
TSD = AL(T,J)
TSG = AL(XK,L)
TSH = AL(T,!)
TSt = TSC=151,

IF (ARS(TSH=TSE=TSH) ,LT,EPS) GO TO 75
DAL = ((TSG=TSE«TSH)ATSA+TSHeTSD)*TSHB+TSE*TSA
IF (DAL,LE,2,) 62 TN 72
NoZ o4 (VyeV)/DY
Mozl ¥ (HHA®H)Y/NDkKH ¢ (KHe1)/2%x(1HA=1)
N
N
(E"4E)/2,/EV/EN
DAL = ((TSE+TSH=TSG)I*ELATSA+TSHeTSD)4TSR+TSEXTSA
IF (DAL,LE,2,) GO TO 72
1T =7,
HETURN
72 T = FXP(TEN+0AL)
BTN
75 T = EXP(TSD)
RETIRN

m
T
It nn

CHEC* FOR SFCOND ORNDER USF
Bp IT = 1
TF (AT, ) LT, AL (%, ])) GO TO 99
IF (I.EL,1) €O 7O qie
IF (AL(1=1,0).6T,AL(I,J)) GO TO 120
(X

= K
K = 1
I = 1=
TSL = T3asy,
GO Te tau

Q2 [F (K, E0L,THe) G0 TN {24
IF Cal(vet, J) LT AL(K,J)) MaKey

1094 TF (2LCIT,J),LT,aLCTI,L)) GO TO {t@
IF (J,FD,1) 60 TO f2¢
IF CALCILI,J=1)GT ALCTIT,J)) GO TO 129
i .

K]

L =

J 3 J=1

T3F = 15+,
GO T 1P

111 IF (L EN,IVA)Y GN TN (2

IF CALCITot 1), LT, ALCIT, L)) N=L#}
120 T3C = {,=T54

TS5 = 1a=T50

IF (YengGT0) GO TGO 13

INIRLE FIRST ORDER

T S EXP(TSCH(TSOAAL(T,J)+TSBRALCI,L))I+TSA®(TSDXAL(K,J)+TSB*xAL(K,L)

1))

RETHRN
131 T8 = p,=TSA
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i

C

C
154

tdp IF (ryrE,7) GO TH 1S»

12ALCL, L)) =TSDRTSRR(TSAKAL (KyNY+TSCRAL(TI,N)))

LOTpL)*TSF#AL (T J)+TSOKAL(I,N)))=TSCHTSAK(TSGRAL(H)L)4TSFoALIM, J) 4T
250 AL (11p 7))

T8k = 2,=TSH
IF (*,ib, ) 6N T0 {4
FISST ORGER VERTICALLY, SECNYD ORNER HORIZONTALLY
TSC o= TSC/2,
T 2 EXP(TSERTSCH(TSR*AL(I,L)+TSORALCT,J))+TSEXTSA*(TSBAAL(K,L)4TSD
1AL (K J))=TSCATSAR(TEHRXAL (M, L) +TSDRAL(M)J)))
RETUm®

FI<ST NRUER FORIZONTALLY, SFCOMND OKDER VERTICALLY
TSD = TS0/2,
T 2 EXP{TSFRTSOK(TSARAL (K, J)+TSCHALCL,J))+TSFaTSBw(TSAKAL(K,L)+TSC

RETURN
DOURLE SECUND ORDER
T5C = 18¢C/2,
TSEG = TSF*T18R3
TSF = TSF/2,%xT3D
TSN = =T30/2, xSk

T = EXPLTRER(TSAX(TSOAAL (¥ L) +TSFrAL (K, J)4TSDRALLK,N))+TSCx(TSH*AL

RETU el

NS
TS¢C
180
TSF

IQ.TSA
(1,=188)/2,
2,150

1]

T = EXO(TSFaTSIa(TSAXAL(K)J)+TSCRAL(I,,J))+TSFaTSBR(TSARAL(K,L)+TSC
TRALCT L)) =TSOATSHA(TSAXAL (K,N)+TSCxALCI,N)))

IF CALDG(T),GT,,3+AL(1,J)) T=EXP(VV/V*AL(I,J))

RETURN
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SURRALTINE G 2wr (T VIS)
Trls Sur-0dTIre COVOHTES THE VISIBILITY DISTAMCE, DISARTLITY
CLATE 25 TTIRCOMEOKT GLARE TNDEX DURIMG THE NIGHT MEETING,
PTRESSION XG(R) 4 1G(8),76G(5),THM(S,2)
DUFSSTIONS GLISY,OLR(S)
COPYMOUN TOS(FR), DVIS(ERY, GLR(BRY )GV (BRY,NGT(RB),DVMIN,DVDS,GVMAX, GV
$O8, DVNG, GV, GYF, 2N T, GrE, T4AX
COMSIN PETRT, P51, 080, NST,ASPFL(3),XSTRT, XDEL,EK,FG(4),A(2),B(2),
PALX (27,10 ) o XX (2792) 9 XSy YSyZS,POCS)Y,GSP (LY, YE 2B, YT 2T ,GM(5,2) ) XM(5
Cr2) 0 M (Se2) s ZM(502) e YGL(S) ) ZGL(S) yRHO, XVMIN,LAMP (15),ILS,IEK,IGM,1
IRV, ICV,DSGRZ,XVGHZ,RGDR
[MAY = ¢
1406 = @
18Tha
JS1nR
105
Jns
NGL
INIS =
(=
rel
(7“&
neI
FGAS
PONL
oYL
GVMAX = .,
FY = ,iR1A
PR P X
XV TN oz XVHINED,
EPS = 1, iy
no 14y I=1,48
PGT(I) = =2,12969S
{18 GLE(IY = a,
X = ySTU7Y
LS = DSTwT
LELRS = DSD
I6R? = @
FI 3,141593
{102 E& Fx
xr XL

ri "
E]

LGID 1,
C CHECK FYF STATUS e READAPTATINON, ADAPTATION, RECOVERY
IF (IA0G) 23,4200 ,22¢
22 IF (DS,GT,7,) GO TO 231y
N TO 59
o (oo TE RECOVFRY VEILING GLARFE
224 GDY = GRSAXEXP(FAx(NS=NSA))
IGMS = |
GO T0O 27
2372 IF (IFK,ER,?) EOzRK&(1,4,43U2945%AL0G((PGNS+PGOL)/(5,52+PGOL)))
COSKR = PGU*e XS (E“%(DS=PTS))
231 IF (ImVyNkE 1) A6 T 2o
I CHECK FO- GLARE VERICLE BELOw CREST OF HILL
IF (IGRZ, AT, ARG TN 2wz

e Xa]

1
T e~ 1 u

1o oo
< I o=

i -

w1t

0o
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PDS = S

IF (nS,6T,N8GRLZY GO 1D 232

167 = In1S

DESCIRTIS) = rSLRZ

FDS = PPRS(INIS=1)

GO To 233
232 CRSCIMIS) = NS
233 IF (JDS,.ENR,1) GO TO BAS

IF (P3,GT,08T) GO TN 84S

JbS =

PSD = RSPEL ()

LNT0 R0S

CN“PUTE GLARE INTENSITIES DIRECTED AT EVE

247 o pay Tzy,24

IF (rS=xX(1,2)) 242,245,241
241 COLTINUE

J = 19
6GA T0 244
he J s 1

IF (1,4T,1) J=ley
2ud K = Jei
XX(J,?)
(NS=TSE) /(XX (K,2)=TSR)
2u7

—
[€2)
[

245

A ]
R |
P

A

247 Ryt

(V,LF,23) GO Tn 260@

ALX(J, I)

= TSA+(ALX(K,I)=TSA)Y*TSD

6L

LG ()

POCL)40S

TEFeYF
T8C TSE+/T

IF (IhvV,tE,2) CALL CURVE(IHV,1{,)TSA,TSF,YFE,XV,T58,RK0)
IF (ICV,NF,2) CALL CURVECICV,1,TSA,TSE,=ZEsXV,TSC,RHOD)

—
"
LU LU S T T B 1 B B i S 1 SR B SR T |

XGL(L) = 184
YG(L) = TS~
2G(L) = TSC

IF (IMV,NF,1) 67 TO 255

IF (0S,6GYT,0S86GR2) GL(L)=®™,
255 DLRIL) = XGCLYAXG(L)Y+YG(L)I*YG(L)+ZG(L)*2G(L)
2k COYTINGE
270 YC = v
275 Ix = @

COMPUTE TOTAL INTENSITY DIRECTED AT TARGEY FOR THIS TARGETY DIST,

288 111 = 1,

DO 2¢1 T=1,22

IF (x=XX(1,1)) 287,282,281
281 CCwTINUR

J = 24

K = J=i

GN TO 2RY
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2Re

2R3
284

3R

324
325

157
35S

J =

TF (1=1) 2R4,28uU,243
J 3 1=

LS IENE B

TSe = XX(J,1)
TSC = (x«TSR)/(XX(K,1)=TS8)
DICEETLRED 68 IR
IF (LAP (1), LE,™) GU TO 4R
TSA = 41 X(J, 1)
TIT = TII#TSAS(ALA(K,I)=TSAY*TSC
CONTIRUE
Y YTmYF
l 7T+7F
YV o= X
IF (T, BF,0) CALL CURVE(IHY, 4, X, YT, YE,XV,Y,RH0)
IF (ICY, E,0) CALL CURVE(ICV,4,X,72T,=Z2E,XV,2Z,RH0)
TV = SORT(XkX+YRY$Z%Z)
T3 = X=17,
COPUTE FOREGROUND VEILING Gl ARE
GAL = FGCY)
IF (ILS,E0,¢) 6N TO 32
TSA = ATAN((SIRT (10T (1111%X=292,2222)4X+1375,876))/(X*TSB=6,9375)
1)
TSA = ARS(TSA)

Gy FO(L)+(FG(R2)xX=FG(3) ) *EXP(X/FG(4))
X5 = ¥
YS = v
15 = 2
GO T 325
TSA = ATANC(SORT((GSP(AIRTSRGSP(2))*TSB+GSP(3)))/(TSRxXS=GSP(1)))
TSA = APS(TSA)
GSI = (T5R&TSRIRS,5R25)&TSA*(TSA+ ,#261R)
IC {;‘Sl‘;-.,ﬁl) Gn 10 555
IF (I6NS,LE,v) GhSs=,
Lolp = »,
COPUTE GLARE VEWICLE VEILING GLARE
DO 352 I=z1,5
J = I+5
IF (LAY ()Y, LFa*) GO 1O 352
TSA = XS*YG(I)=YouXG(T)
TS+ = XS*¥726G(1)=25%xG(1)
TSC = YS*/7G(1)=75%xYG(1)
TSD = ATAM((SIRT(TSAxTSA+TSB*TSB+TSCATSC))/(XS*XG(I)¢YSKRYG(I)+ZSa2
1601)))
TSh = £AG{TSD)
TSH = 3L437,747%T5D
TS& 3 GLEIY/DLACT)
OGIN = [6HID « T5L/TSHx* Uh
IF (IGuUS«GT,¢)Y GO TO 351
GES = 6GIS + TSA/TSOD/(T3D+,02618)
CONTINGE
TF (IG,EQ,¢v) GO TO 379

Lr:)vl = h'v‘.
UGIM = 7,

COSPUTE FOLLOWING VERICLE VEILING GLARE
no a2 124,85
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362

373

4e5

9994

417

42/

43

9997

qU

IF (LAMF(T41™) (LE, ) GO TN 362
BN 247 12,2
IF GO (T3 2,7y 63 T e

TS& = xSxYr (I,J)=YS5xx! (1,J)
TSH = XSa2: (1,J)=725¥%¥x%(1,J)
TSC = YS#2~(1,J)=723%Y"(1,])
TSD = ATAN((SUYT(TSARTSA+TSAXTSRETSCATSC) )/ (XSHXM(I,J)+YSRYM(I,J)*

1Z8*27(1,J)))

TSP = ARS(TST)
TS = 3ULT,7ATHTED
TSA = TSP (T50+,72614)

Tri(I,J) = 754

GRM = GLA4GM(T,J) /7784

DEIM = NI ¢ GM(IL,J)/TSHA% L6

CONTIMUE
CrveuTE TNTAL ACTUAL YEILING GLARE AND ADJUSTED GLARE INTENSITY
Frn 0RLESVER RALATION

GVL = GDS+LOL+G0

GI = GLHTaGYL

TSC = ST (G])

TSA = A(1)+A(2)*3°KT(TSC)
TS3 = B1)+R(2)xTSC

CompyTE TP TENSITY NEEDED TO SEE TARGET

TS = FYP(TS5L4T50%0y)

k= TlI=T]J

CALL CORVELTX, T X, 0, 0VL,XD)
(HECKX »HETRER TARGET IS JUST VISIBLE AND INCREMENT TARGET DISTANCE
IF NECESHARY

IF (Je?) 417,010,338

GN T (UR, 684, B58%,4"4), N8

tIF (INIS,GT,1) G0 TG u1s

X = A/2|

GO IO P70

IMVIS = INVIS ¢ 1

IF (T2VIS,6T,1) RETURN

“EITE(S5,9799U) %5,V

FAAYAT (1wof Ta206T THYISTIHLE AT DS = *F6,d’ FEET, CLOSESY TO VIS
15TLTTY AT X = *Fo, 1’ FEET?)

IF (0L NF  B) QETURY

S0 = CFLDS

GO TG ALS

IF (xe=XViIN) 47,420,240

Y = xv I

IF (IxC) ~15,4d3,31S

IxC =

IF (INVIS, MNF,2) FRETURY

WRITE(S,0997) 10718

FraraT (gme,® TRIAL TARGET POSITION HEHIND HEADLIGHT AT IDIS =°14)
GMTa 2Eu

GOL = FOLWI+(FL(2)AX=FG(3))*EXPIX/FG(4))
LS = GVLaGOL=%
XV = X

CHMPUTE RALVGRILSG LUMIMANCE FOR DISCOMFORY GLARE INDEX
ELU = ~N 2/PI&TTI/LV/DY
IF TPV, “E,.8) CALL CuNVE(IHV,2,X,YT,,,XV,TSA,RHQO)
IF CI0V, F,2) (2l d CUPUF(I0Y,2,%, 2T, ., X TS&,nHN)
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IF (LGL) dfv,un4, ReN
A82 TF (JD3)Y df ydiir, 5
CHECR TO CHATGE SEPARATION DISTANCE INCREMENT
484 1F (DS'DSY) LY, UGy ,820
492 JiS =
DSNH NEFLIY)
CHECR EYE STATUS
S#r IF (14%0) 51,4855, 77
814 IF (D3) k22,827 ,52°
CHFCK FN= TRAMSITION TO RECOVERY
822 IF (GPRS=GNSRY S3C,67¢,670
S30 J = IN1S={
146G = J
D3A = »PS
G3A = ViOaNnS
TEL = K
IF (TEK,E9,™) EK = TSAR({,4,4342945xAL0G((GDSA+GOUL)/(5,52+G0L)))
2D = XvEL
X = PX
NSH = ISCFEL(Y)
18Tk = .
LS = LS ))=naD
LOOTo 22,
CRECK FNW TRANMSITION TO READAPTATION
583 1F (PGVL/GVL,LELEPS) GQ TO 684
5§92 INS = INS+|
koz II'Swq
GO TC (b0, 68, 65™),K
677 TF (JINS) b, 610,62V
6172 Jhs =
JSTCR =
KST = &4
“STUR =
1S

PSH/HSLEL(L)=,5

ll—-l

e? LLE(ID

A3 ISION
LS = O
e TGO ALy

ASA TF (D8=IL0F1 (2)) AS1,651,652

651 NSC = SR (3)
KSTVe=nSLFL(2)/DSPEL(3) 4,8

S
) 7
1
SFELCITS)

G0 T 5(“3
652 33 = TSR ()
RETORZDSEFL(1Y/DSLEL(2) 4+,
653 JSTHY = =y
TA; = =3
kST = kSTN
J o= LS/smse
[ASTEE-EEN E AANCH
15726 = 60 (TI0]3et)/0S0=14,5
TP (ASTH ,6T,5) ISTOR=KSTNReJ
6GVG = G0)
GVF = G

~

IF (IRM E0,0) GO TC 127

D2 es5 Izi,5

IF (Lak(I+1" ) Lr.«) GO 1N 665
IF (5P CT, 1), F ) G0 TN ¢4kl
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GAT = OMI+GHT, 1) /THM(T, 1)
666 IF (64(1,2) E0,2,) 60 10 665
GHE = GRE4GM(1,2)/THM(T,2)
H65 CNLTINUE
Gr T (e,
672 1F (GVLAA=GVL) KBZ,A8E5,685
KB GVUAX = GVL
LVCS = DS
685 IF (XV,GT,DVMIN) GO TO 720
V"IN = XV

pViRsS = 03

723 PGLS = GDS
PGOL = GOL
PGVL = GVL
PNS = LS
PX = X

STORE NATA FHR QUTPUT
IF CISTOFRY 762,763,729
723 1F (IhS=4) R{72, 737,814
730 IF (JSTCRY 7u4v,Ri4,7un
742 ISTOr = ISTMx+|
IF (ISTOR=KSTN~) R1Q,810,752
758 JSTPR = JSTNhay
KSTNT = KSTOP+KST
762 LVISCILIS) = Xy
IF (INV,TE.1) 60 TD 765
IF (v, GT,XVGRZ) DVIS(INIS)=XVGRZ
765 DBRSCINIS)Y = (8
GV(INISY = GVL
IF (IGNS,GT,4) GO TD 795
DO 769 I=%,5
IF (LAMP(TI+5)) T737,79C,784
782 GLRCOITIS) & GLR(IDISI+OLL(I)
794 COnTIMIF
795 IF (OS,LE.®,) GO TO 8¢y
IF (CHID+DGIM, LE,¥,) GO TO 820
BGICINIS) = 2,*ALNGIA(1,+4269,8966%ELU)m2,%ALOGIA(DGID4DGIM) w2, 1097
Bec IF (LS=DSTOR) K3y, BL40,RN5
8¢S INIS = IDIS+)
IF (IM15,6T7,88) GO Tn R332
DECREASE SEPARATION DISTANCE
Afv NS = PNS=DSD
GO TO {0n
615 I6GLS = 1
X = xXSTRTY
X' = XOFEL
R2A IMAX = IDIS={
IanG = IMAX
60 TD 24d
832 IMAX = IDIS=]
SET UP COMNDITINONS FOR ND GLARE VISIBILITY DISTANCE

gur DS = u,
NGL o= g
GN TO 278

B DVMG = XV
IF (1"AX,EQ,0) IMAX=ID]S

IF (IHV ANE,1) RETURN

00 ”Rpt Tz, 1677

OVISII) = LVHG

IF (DVLG BT AVGRZY DVIS(I)SXVGRE
g6 GV(I) = GVL

RETURN

N
END 50
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12@

130

135
14a

150
164
170
18p

190
oA

210
220
230
2un
250
260

279
275

280

292
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SUBROUTINE CONVR(I,J,%X,Rs6,XD)
THIS SUBROUTINE CHECKS WHETMER THE TARGEY IS JUST VISIBLE AND
DETERMINES WHETHER THE TARGET SHOULD BE MOVED CLOSER OR FARTHER,

DATA XMIN/{,/

TeR

IF (R) 12m,290,130
RTOP = R

XTOP = X

GTOP = G

IF (I,LE,®) GO TO 135
ITOP = ITOP+!

IF (IBOT,EQR,ITOP) Km@
GO 70 §3S

RBOT = R

XBOT & X

GBOT = G

IF (I,LE,0) GO 70O 138
IR0CT = ]BOT+t

IF (IRDT,EQ,ITCOP) K=Q
IF (1) 184,140,150

K =0

ITOP = @

IR0OT = @

GO TO 27@

IF (RxPk) 160,290,198
IF (K) 192,178,170

1 = =

XD = XD, 5§

IF (XD=XMIN) 280,275,275
IfF (R) 200,290,260

S = (Re=PR)/(X=PX)

IF (S) 212,300,222

K s 1

6o TO 23m

K = =

T=395

IF (I=1) 14P,258,240
IF (S«PS) 30ap,3¢@,257
PS = §

PPR = PR

I = 1¢¢

PR = R

PX & X

X¢SIGN(XD,T)

<
"W Oe O

-4

RB0T/(RBOT=RTOP)
XBOT+ (XTOP=XBOT)*TSA
GBOT+(GTOP=GBOT)«T8A
e

URN

4N 0 nNn>»-san

2 X+SIGN(TSA,S)
Js3

RETURN

END

S XD/2,%x(3,%Rel #PR4PPR)/(Rw2,#PR¢PPR)



SUnitCHTINF OUTEIT(DTRS)
THIS SUREAUTTINE PRINTS THE RESULTS,
CAsmlt DHE(on), VIS(RRY,GLI(RB)Y,)GV(RB),)DGI(RRY,NDVUTHN,DVDS,GVMAX, GV
10S, OV Sy VG, GVF 6, GME, THAX
e a90 1=y, I1M4X
493 Gv(I) NTRS*GV(T)
GVMAX GVIAX*®DTRS
GVG GYGADTRS
GVF GVFXNTRS
cr1 Gt IxDTKS
GME GMERSTRS
IHLF = (T™Axel)/2
INEL = THLF w JMLX/2
aPTTECS,9896)

9996 FORMAT (K ,2(?SFPARATINNG VISTETLITY VEILING!SX*GIARF DISCNMFOR
tT ")/th ,2(° [ISTANCE DISTALCE GLARFPUXPINTENSITY GLARF’SX
eI/ 4207 (FFET)PSXP(FEET)  (FT,LAMR,) (CANDELAS) INDEX?SX)/)

LO St TI=9,1nLF
J = IR F~TLEL

SAr wRITE(S,90G5)0L801))DVIS(I) GV (1), GLRCI),OGICI),005CJ),NDVIS(J), GV (
1) GLFCD) LT (D)

9995 FPRMAT (I1H J2(F 7,7 F11,1,F12,5,F16,1,F9,1,6X))
ARITE(S, 9RUTYIT VMY, VDG

QRAT FORMAT (fF{Tr Tt VISTRILITY NDISTAMNCE IS *,Fé6,1," FEET AT A SFPARA
1710 (8 P,F5,7,° FEET?)

R ITEL(S, 9RIAYDVYNG, GV irAX, LVYDS

G348 FORYAT (4# PVILIVILITY DISTANCE FORP NO GLARE CAR IS*F7,1” FEET, MA
tXTtum VEILIMNG GLARPE IS’FR,5° FT,C AT A SEPARATINN OF*Fe,p’ FEET,”")

vl ITE(S,9909)NVEG,GVF

9929 FCRMAT (* (OMPOLNERTS NF MAXIMUM VFILING GLARE ARE'F8,5" FROM QPPOS
{IMG CAW ANDPER RSP FROY FOREGRNUNND?)

IF (G T467F 6T, 0, )nPITE(S,G906)GM,GME

9976 FNH~Y2T (36X7 ALNIFE,5Y FrDR INTERIOR’SX PANDPFB,5* FROM EXTERID
1R NIPROR?)

vRITE(S,9992)

9992 FORMAT (* GLARE INTENSITY AND INDEX ARE NOT CALCULATED DURING RECO
{VEKY, VEILING GLARE IS ACTUAL VALUE DIVIDED BY THE FACTOR K,*)

KETURN
EMD
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oo

e

9999

A

12

1314
132
113
134
1an
141
162
143
9997

9962

169

151

PATTERYS STORED TN THE DISC FILE AT ONE TINME,
DIMENMSIN: AL (h1,22),IT1TL(21),DUM(22),0AT(3)
CoOrmMey TEPR
DATA RLA~K/? ?/
CALL SETFILC1Y,"?JREAM?,TERR,’DK’?, 1)
NEFINE FILE 11(10,2716,U,NY)
KFTLE=11Y
IP=s
IRf 2f
Ho 72 I=21,3
DAT(T) st p
Cri L DATE(GAT)
FEADLIRD,9aG9) , IRT
FORPAT (315,3E5%,v,214A2,E8,7)
o= 7
KEAD(IRD,9999)M, K, L yH,V,D, ITITL,FILTY
N oz t+1
Y D
M
1F
v
Ok *NV
PUMiLY = v
Do 13 J=2,1L
DU“CJd) = i (Jmy) sy
b o2 X
vy o= |
1F (L=14) 132,132,131
My :1,1-‘//;/\/
TTF (P hT,14) rysid
IF (we51) 134,134,133
R IR A A
e tady Izy,¥
REAT (IR, 9298) (AL(T,J),J=1,L)
IF (FTLTY 25y, 343,141
DL I=t,K
DO La? J=y,L
ALCL, ) = FILTxAL(ID)
AR ITELIPR,GOYTIY, TTTITL,NAT
FOFWAT ({H],3X*FEAS PATTERYN ND,%13° FOR *21A2,2X,3AU

¢

J 122,122,123
[H]

2

)

Mo ~uu
()

n

JHOR T L0 TAL VFRTICAL ANGLES?)

SRITE(IPr,9G892)Y (MU (J),J=1,11V)
FORMAT (IKW PANGLE®14FS,1)

T8 =

(D187 T=t,bH
KPTTELIPS, 090088 T54, (AL(I,J)pd=taMV)
TS54 = T8A4ish

IF (“h=r) 151,160,160
VRITE(IPR,0G97) ", ITITL,DAT
rRITECIPR,9692) (Ohr (), J=1,MV)

T84 = TSLwnm

DO 152 Tz »,x

FRTTELTE w60 SYTRL, (AL (T,d), 0s1,mMV)
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152 TS4A = TSA$LK
for Tk (PVal) 1R, 170,17
161 " RITE(IPR,I5GT ), ITTTL ,DAT
WRITECIF®,9992) (LUNM(J),,J=mV, L)
TSA = ¥
DN 162 TI=9y,MK
WRITE(IPR,9995)TS54, (AL(T,J),J=MV,L)
162 TSA = T5¢440p
IF (“HeK) (A3,177,170
163 WRITECIPR,9997), ITITL,DAT
KWRITEC(IPR,GQG2) (DUM(J),J=MV,L)
TSA = TS4eDH
DO 1640 Tzt K
WRITE[PR,9095)T8A, (AL(T,J),JzMV,L)
164 T8A = TSA+DH
9998 FORMAT (11F7,%,3x)
9995 FORMAT (1H ,FS,1,2¥)14F9,1)
17¢ IF (IPT) 199,187,199
182 D 1RS J={,K
BOO1RS Jday, L
1RS AL(T,J) = ALCG(AL(I,J)¢,21)
pRITECRFILE M Yriy Yy Dy Ky Ly ITITL, CCALCT, I J21,L),150,K)
197 IF (rMwhh) 120,2544250
252 CALL FXIT
END
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APPENDIX 2

USER'S MANUAL FOR THE COMPUTER SIMULATION TO PREDICT
THE VISIBILITY DISTANCE PROVIDED BY HEADLAMP BEAMS
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It is well known that visibility is much reduced in night
driving due to glare from oncoming vehicles and other sources.
Field test studies have been done but have the disadvantages of
being time-consuming, expensive and highly non-repeatable. It
was therefore desirable to develop a computer program which would
incorporate as many of the variables which affect night visibility
as possible. This program was developed at the Highway Safety
Research Institute under contract number UM7204-Cl128 from the Motor
Vehicle Manufacturers Association and is fully described in Report
No: UM-HSRI-HF-73-15; "Development of a Computer Simulation to
Predict the Visibility Distance Provided by Headlamp Beams" by
Rudolf G. Mortimer and Judith M. Becker. The program has been sub-
sequently revised and enlarged to include glare from a following
vehicle's headlamps as reflected in interior and exterior mirrors
and to allow curved road geometry in one direction; i.e., a hill,

a valley, an inside or an outside curve, as described in the body
of this report. This preliminary version of the user's manual con-
sists of a detailed description of the input cards, an explanation
of the diagnostic statements produced by the program, a descrip-
tion of the output, and a very short description of the program
itself. It is intended that, with its help, the user will be able

to make up his own input data cards and run the program,

The input cards all have the same layout or format, except
for the card which immediately follows the T card. This format
consists of a letter for identification in column one, a real
number in columns two through ten, and seven more real numbers
in the next seven groups of ten columns each. In programming
terms, this format is described as: Al, E9.0, 7E10.0. It does
not matter where in the group of nine or ten columns the decimal
point appears, but it must be present. A group of columns is
called a field, and they are numbered for each reference consecu-
tively from one to eight across the card. Thus, field one has
nine columns, while fields two through eight each have ten columns.
Each input card can thus contain up to eight pieces of input data,
the nature of which is determined by the identification letter,

referred to as ID. For each field of each card there is given in
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Table 1 the definition of the piece of input data, its default
value (if any) and its units (if pertinent). The default value
is the value the datum will have if the user does not specify a

value.

The diagnostic statements will be produced by the program as
needed. The first can be prevented by care in making up the input
cards. The others generally are the result of the approximate
nature of the foreground glare calculation. Sometimes use of card
S to make the first eye line-of-sight closer to the eye (say 50 ft
instead of the default value of 100 ft) will improve things enough

to allow the program to run.

ILLEGAL CARD SKIPPED. This comment indicates the presence of an
input card with some sort of error in the data.

TRIAL TARGET POSITION BEHIND HEADLIGHT AT IDIS =

This comment indicates that the target is not visible at

all. It is printed the first time the situation occurs,

then the trial target position is reset to be in front of

the headlight and a switch is set. If the situation occurs

a second time during the calculations for the same separation
distance, the program will be terminated and the results up
to and including the preceeding separation distance will be
printed and plotted.

TARGET INVISIBLE AT DS = FEET, CLOSEST TO VISIBILITY AT
X = FEET

This comment means that there is no region of visibility for
the target at this separation distance., When it occurs,

the program will be terminated and the results printed and
plotted.

Note that the last two comments indicate essentially the
same condition. They are often the results of excessive
foreground glare for targets close to the vehicle.

FOREGROUND GLARE DATA BAD

This comment means that the foreground glare increases
exponentially with target distance instead of approaching some

value asymptotically. It sometimes indicates an error in
the beam pattern intensity values.
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TABLE 1.

ID Field Definition

T

Trigger for title card reading

(title may be 80 characters long, including spaces,

B W N

o J o U

~N oY U s W+

*If input is zero, this will be set to smaller of half of

and should be centered on the card)

Initial separation distance
Final separation distance
First separation distance interval

Last separation distance at which first
interval will be used

Second separation distance interval
Radius of curvature
Hill/valley indicator; +1l=hill, -l=valley

Curve indicator; +l=inside, -l=outside

Road reflectivity
Basic target reflectivity

Nominal eye threshold recovery rate

Observer relation coefficient parameters

x-component of first eye line-of-sight for
foreground glare calculation with target
tracking

X-component of fixed eye line-of-sight
Y-component of fixed eye line-of-sight

Z-component of fixed eye line-of-sight

initial distance and 1500
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Default

Value Units
4000 feet
-1000 feet
200 feet
1500* feet
50 feet
- feet

0 -

0 -

10 %

10 %
.251504 sec”l

3.4 -

.36 -

.016 -

.00008 -
100 feet
== feet
-- feet
-— feet



ID Field

C

1

2
3
4

1-4

~

= W D

TABLE 1 (Cont.)

Definition
Lateral distance between vehicle centerlines
Main vehicle speed
Glare vehicle speed

Forward distance from eye to lamp #1, posi-
tive for eye behind lamp

Vertical distance from eye to road, positive
for eye above road

Lateral distance from eye to vehicle center-
line, positive for eye to left

Vertical distance from target to road, posi-
tive for target above road

Lateral distance from target to vehicle cen-
terline, positive for target to right

Foreground glare coefficients; default values

will be calculated by program

Mirror index: l=interior, 2=exterior

Distance from lamp plane to mirror, posi-
tive for mirror behind lamps

Distance from road to mirror, positive for
mirror above road

Distance from vehicle centerline to mirror,
positive for mirror to right

Mirror reflectivity
Shape indicator: O=circular, l=rectangular

Transmissivity of associated window

Mirror index: l=interior, 2=exterior
Lateral dimension of mirror
Vertical dimension of mirror

Distance from road to mirror center aim
point, positive for point above road

Distance from vehicle centerline to mirror
center aim point, positive for point to
right

Distance from eye to mirror center aim
point, positive for point behind eye

59

Default
Value

Units

30

feet
mph
mph

inches
inches
inches
inches

inches

inches
inches

inches

inches

inches

inches

inches

feet



ID Field

P

1

TABLE 1 (Cont.)
Definition
Mirror index: l=interior, 2=exterior

Distance from road to lower edge of field
of view, positive for edge above road

Distance from road to upper edge of field
of view, positive for edge above road

Distance from vehicle centerline to right
side of field of view, positive for side
to right

Distance from vehicle centerline to left
side of field of view, positive for side
to right

Distance from eye to field of view, posi-
tive for field behind eye

Fractional error allowed in aim

Distance from lamp plane to vehicle obstruc-
ting plane, positive for plane behind
lamps

Distance from road to top of obstructing
plane, positive up

Distance from vehicle centerline to right
side of obstructing plane, positive to
right

Distance from vehicle centerline to left
side of obstructing plane, positive to
right

Not used

Longitudinal distance from eye to farthest
edge of pavement area for foreground glare
calculation, positive down the road

Lateral distance from eye to leftmost edge
of pavement area, positive to right

Lateral distance from eye to rightmost edge
of pavement area, positive to right

Longitudinal increment

Lateral increment
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Default
Value Units
- inches
- inches
- inches
- inches
30 feet
.01 -
154 inches
37 inches
32 inches
-32 inches
200 feet
-8 feet
8 feet
10 feet
2 feet




EE Field

Y 1

Lamp index if 1-10; 0 means windshield

analyzer

Transmissivity parallel to filter axis
Transmissivity perpendicular to filter axis

If 1-10, angle of polarization axis relative
to analyzer axis; otherwise not used

Not used

Initial estimate of visibility distance

Initial visibility distance interval

TABLE 1

(Cont.)

Definition

Target reflectivity

Not used

Not used

EK reset switch; 0 means yes, otherwise no

Lamp index:

following vehicles
M=1, 6; not used

M=11l; distance from eye to lamp, positive

1-6 main, 7-10 glare, 11-15

for lamp following eye

M=2-5,7-10, 12-15; forward distance from

reference lamp (#1,6,11) to lamp #M, positive

if lamp in front of local reference lamp

M=1,6,11; distance from road to lamp
M=2-5, 7-10, 12-15; vertical distance from
reference lamp to lamp #M, positive for

lamp above reference

M=1, 6, 11; distance from vehicle centerline
to lamp
M=2-5, 7-10,

12-15;

lateral distance from refer-

ence lamp to lamp #M, positive for lamp to own
right of reference

Vertical misaim angle, positive up
Horizontal misaim angle, positive to right

Rotational misaim angle, positive counter-
clockwise

Beam pattern index in disk file

Default
Value Units
- degrees
200 feet
38 feet
10 3
0 -
- feet
- inches
- inches
- inches
- inches
- inches
- degrees
- degrees
- degrees

Multiple data set indicator; 0 or blank means
no, otherwise yes
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8)

TABLE 1 (Concl.)

For best results, cards should be ordered as follows:
TABSCGMOPVXYZDL

Cards A, B and X may be omitted if the default values
are satisfactory

For any lamp not in use, omit its D and Y cards

Cards O and P should not be used in the same data
set as they are alternate methods of computing the
same data

For non-polarized beams without an analyzer, omit all
Y cards

If analyzer is used, then Y cards for all lamps in use
must be included. If any lamp in use does not have a
filter, inputs of 1., 1., 0. in fields 2-4 of its Y
card are required.

If analyzer is not used, but some lamps do have filters,

then inputs of 1., 1. in fields 2 and 3 of the Y card
for M=0 are required

Non-polarized filters can be simulated by putting the
transmissivity in field 2, zero in field 3, and 90. in
field 4.

(Even fictitious filters with transmissivities greater
than one can be simulated.)

Card S is omitted if target tracking is desired.

For multiple data set runs, any card that duplicates
a card in the previous data set may be omitted.

Card G is normally omitted

For any mirror not used, omit its M and O or P cards.

For straight road, omit fields 6, 7 and 8 on card A

If the hill/valley indicator input is nonzero, then
the curve indicator will not be read and will default
to zero; i.e., curves can only be done in one direc-
tion at a time.
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The output for a run with one data set consists of two

cr more pages oOf printing. Page one contains a printout
of the important pieces of input data, including those which

are using their default values. The first line contains a
general title, the date and the page number. The second line

of printing just says "INPUT DATA." The third line is the title
as supplied by the user. (If no title is supplied, a blank line
will be printed.) Cards S, V, G and Y (if used) will be printed
when read. If mirror orientation is specified by the user,

it will be printed next, along with mirror location, reflectivity
and the transmissivity of the appropriate window (rear for interior,
side for exterior). If mirror orientation is specified by the
desired field of view, the dimensions of each field of view will
be printed next, followed by mirror location, orientation,
reflectivity and window transmissivity. If the target reflec-
tivity is to be other than the basic value, it will be printed.
Then comes the printout of the observer relation coefficient
parameters, the basic target reflectivity and the nominal eye
recovery rate parameter. Then comes the distance between the
vehicle centerlines, the vehicle velocities, the eye position
relative to the origin, and the location of the target. Next

is printed a description of the pavement area to be used in the
foreground glare calculation and its reflectivity.

Then comes the printout of the initial and final separation
distance values. There may be a maximum of 88 of these points
processed per run. Then the data for the various lamps in use
will be printed: location, misaim, and the name of beam used.
For each lamp associated with the following vehicle for mirror
glare, the image intensity and location relative to the eye are
printed. Then finally, the values of the foreground glare

coefficients as calculated by the program will be printed out.

Page two has the same general title, date and its own page
number, then the words "OUTPUT DATA," then the user's title.
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Then it prints headings for separation distance, visibility dis-
tance, veiling glare (disability), and the glare intensity dir-
ected at the eye from the opposing vehicle's lamps, summed over
all the lamps in use. Then the data as calculated by the program
is printed out in the proper places. Next comes some special data,
which may or may not appear in the tabulated data, and several

comments.

These two pages will be produced for each data set included

in the run,

If curved roads are being simulated, then the separation dis-
tance and the visibility distance become arc lengths rather than
straight line distances. In any case, one could think of both
these distances as the distance measured on the main vehicle's
odometer (in the proper units) needed to bring the glare vehicle
reference lamp or the target, respectively, into line with the

driver's eye.

The program was originally derived for an IBM-1800 computer.,
Due to the small core size of this computer, the program was
divided into five links. The first three processed the input, the
fourth did the calculations, and the fifth printed and plotted
the output. The two plots were produced by a Calcomp plotter,
At the bottom was the user's title, page 3, and the date. The
first plot had the glare intensity and the veiling glare plotted
against separation distance. The second had visibility distance
versus separation distance. This program is now operational on
a DEC PDP 11-45 computer equipped with Fortran 6 as a main pro-
gram with four major subroutines, but without the plotting
facility. Card decks for the Fortran source programs for both
computers can be available. The IBIM-1800 version does not have

the mirror glare option or the curved road geometry option,

Before the Headlight Visibility Performance Evaluation
Simulation program can be run, the beam patterns to be used
must be written into a disk file by a separate program, which

is also available.
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The first input data card specifies the number of beam
patterns to be written into the disk file. A maximum of ten may
be done at one time; i.e., the disk file is large enough to hold
ten different beam patterns. Five columns are allowed for this
number, which is an integer. Thus, for one through nine different
beam patterns, the appropriate integer appears in column five.
For ten, put a "1" in column four and a "0" in column five. Then
comes a card describing the beam pattern, as follows: first,
the index of the beam (1 through 10) in the first five columns
(integer, as above); second, the number of horizontal angle
points in the beam pattern, with a maximum value of 61 in columns
6-10 (integer); third, the number of vertical angle points, with
a maximum value of 22 in columns 11-15 (integer); fourth, the
value of the leftmost (most negative) horizontal angle in degrees
(real) in columns 16-20; fifth, the value of the lowest (most
negative) vertical angle in degrees (real) in columns 21-25;
sixth, the value of the angle increment (degrees real) in columns
26-30; seventh, a description in words of the beam pattern in
columns 31-72; eighth, the value of any constant filter factor
to be applied across the beam as a decimal fraction (real) in
columns 73-80., Then come the cards bearing the values of the
beam pattern headlight intensity for the various angle pairs.
Starting with the leftmost horizontal angle, there will be one
or two cards giving the intensity values in candelas for each
vertical angle, starting with the lowest. The intensity values
are real numbers with decimal points occupying seven columns
each across the card. Thus, there will be eleven values on the
first card, with three columns unused at the end, and the same

on the second. Each horizontal angle has its own pair of cards.
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APPENDIX 3
ERRATA FOR REPORT NO, UM-HSRI-HF-73=15
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Appendix 3:

Errata for Report No.: UM-HSRI-HF-73-15

On page 4, it is stated that each lamp may be switched off
or on twice at specified distances. This ability has been
deleted from the program due to the fact that, whenever a lamp
on the main vehicle is switched the foreground glare should be
completely recalculated. This was deemed not feasible at the
present. If interest is expressed in this feature, it could be

worked out and added.

There is a misprint on p. 10 in the last equation. The

last argument (subscript) should be a 1 not a 2.

On page 11, the calculation of the fourth point is now dif-

ferent., The following sketch depicts the conditions. Log inten-

mav

NHH r ’

sity values p and g have been calculated from values a and ¢

and a and b, respectively, as before. Now values r and s are
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calculated from a and d, and used to predict two values for t.
(One value uses r and g; the other uses s and p.) Then the
average of these two values is used along with p, g and a as

corner points to find the needed value using the reqular inter-

polation scheme.

On p. 12 in Fig. 4 there is a label missing., An "a" belongs

above the arc in the elevation section.

On p. 13 the word "edge" in the second clause of the first

n
.

paragraph should be "eye
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