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Introduction

It is well known that the accident rate at night is greater than
that during the day. While there are many contributing factors
(e.g., fatigue, greater consumption of alcochol, etc.), the most
important is darkness. Consequently, there has long been interest
in developing headlamp systems that enable drivers to see hazards at
greater distances at night. At first glance, increasing headlamp
intensity and raising the elevation of existing lamps would seem to
be the answer. Unfortunately, such changes increase the glare experi-
enced by drivers and in many cases make accidents more likely.

To facilitate evaluation of these possibilities and new lamp
designs, computer programs have been developed that generate predic-
tions of visibility distance and glare resulting from one vehicle meet-
ing another on a two-lane road at night (Becker and Mortimer, 1974;
Mortimer and Becker, 1973). The computer model was originally developed
for an IBM 1800 and later transferred to a Digital Equipment Corporation
(DEC) PDP-11/45 minicomputer. Unfortunately, few people are familiar
with the operation of the PDP-11/45 at Highway SaTety Research Institute
(HSRI). The software has been modified to run on the University of
Michigan Computing Center's AMDAHL 470/V7 operating under MTS (Michigan
Terminal System). Modifications made to the original program include
the addition of comments to make the programs understandable and changes
in the format statements to make them compatible with the FORTRAN on
MTS. (The original program took advantage of several extensions unique
to DEC FORTRAN IV plus.) The program should run at other MTS installa-
tions without modification and on IBM 360 and 370 computers with only
revised operating system instructions when compiled using FORTRAN IV
levels G, H, or WATFIV. The steps necessary to make the mcdel run are
outlined below.

Step 1. 0Obtaining the transformed headlamp intensity distribu-
tion - BEMPAT.

The first step in conducting a headlamp evaluation is for the
BEMPAT beam pattern program to compute the log intensity distribution



for each lamp type. (A copy of the latest source listing of BEMPAT

is contained in Appendix 1.) To run BEMPAT one needs three types of
cards. (See Appendix 2.) The first card is a deck header. Only

one deck header card is required for each series of evaluations.

Right adjusted in the first 5 columns (format I5) should be the number
of lamps eva]uated; usually one. The rest of the card should be filled
with zeros or blank. (For the PDP-11/45, columns 6-10 were used and

to indicate that one wanted to put the beam pattern on a disk file.)

The second card contains various descriptors of the beam pattern. Its
format is 315, 3F5.1, 21A2, E8.0. The first entry is the beam pattern
number (I5). The next pair of inputs (both I5) represent the number
of rows and columns in the input beam pattern matrix. The fourth and
fifth entries (both F5.1)are the coordinates of the Tower left hand
carner of the matrix. The sixth digital entry (F5.1) is the angular
spacing between points and degrees. The seventh field (42 columns
wide) is for text (e.g., the beam pattern name, date, etc.). The last
entry on this card is the transmittance, a value usually between 0 and
1, where 1 means all of the light is transmitted and values greater
than one mean the lamp is driven by a greater then normal voltage.
Since tbe computation makes no sense if transmittance is 0 (e.g., a blank
fiéld.éﬁ tﬁé cgrd)'bOth 0 and 1 are intarpreted as no 1055. Potential
sources of loss include polarizing filtars, dirt, etc. The remainder
of the deck contains the values for the intensity of the beam pattern
at each point in the rectangular grid.

Before running the BEMPAT program one should double check the beam
intensity card deck. B8EMPAT expects eleven fields per card. There are
a few old decks in the HSRI files that have 13 fields per card. Don't
use the 13 field cards.

Shown in Appendix 2 is samole input for this pregram for a GE
6014 headlamp. Included are the deck header card, the beam pattern
header card, and beam intensities. The deck header card indicates there
is one beam pattern to be considered. The beam pattern head card indi-
cates the intensity distribution is for beam pattern number 1, that



the matrix contains 61 rows and 22 columns, that the coordinate of the
lTower left hand corner is -20, -4.5 degrees, that the intensity points
are .5 degrees apart, and that the beam pattern is for GE 6014 Low Beam
(No. 2 PH). The one in column 80 indicates there are no transmission
Tosses (100% transmission). The remainder of that file (1lines 2 through
123) are the beam intensities.

Shown in Appendix 3 is the printed output generated by the BEMPAT
program. It is a rearranged rectangular array of the beam intensities
at each specified point in the grid.

Appendix 4 contains the transformed beam intensities and the new
header card for that beam pattern. In the original Mortimer and Becker
program the transformed beam intensities were stored in binary format
to save space. To facilitate debugging, E format has been used in the
revised version.

Step 2. Using SCOPY to replicate the light distribution.

After BEMPAT has been run, it may be necessary to modify the beam
pattern file. LAMPER, the program that performs the lighting visi-
bility calculations, uses two input files. One file contains control
commands (specifications for the location of the driver and headlamps
on each vehicle); the other light distributions for each lamp. If
there are four identical headlamps thern the light distribution should
be repeated four times in the file. This is most easily done by
SCOPYing the headlamp 1ight distributicn to a temporary file and then
SCOPYing the temporary file to the end of the original 1lighting file
three times.

Step 3. Using LAMPER to compute visibility distances.

The headlight evaluation program is contained in Appendix 4. The
main routine is called LAMPER. In addition, a number of subroutines
(INPUT, CURVE, BEAMS, INTAB, GLARE, CONVR, and OUTPUT) are also used
with LAMPER. These subroutines also are contained in Appendix 4.
Shown in Appendix 5 are the input control cards required by LAMPER.
Except for the title card and the card preceding it (which has a T in



column 1) all cards follow the same format. That format is a letter
in column 1 to designate the card type, a 9 column field and then 7
ten column fields of data. Not all fields are used. The following
input cards are required:

1. Card 1 should have 2 T in column 1 to indicate that the next
card is a title card.

2. The second card in the deck ccntains the output title
(headlamp name, type, etc.). It can be up to 30
characters long.

3. The third card is the C card. It gives information on
vehicle speed and the locations of the eyes and target.

4, Next comes the Z card. The Z card gives some information
on initial visibility distance, initial interval and
target reflectance.

5. Cards 5 through 8 are D cards. The D cards specify the
location of each headlamp. Since most vehicles have at
least two headlamps and there are at least two cars of
interest, there must be at least 4 D cards. There may
be up to 10 D cards, as there is a maximum of 5 lamps
per vehicle. Lamps on the main vehicle are referred to
via numbers 1-5 while those on opposing vehicles are
referred to via numbers 6-10.

6. The L (or last) card indicates the end of input.

For the particular example given in this report, the cards in
Appendix 6 are interpreted as follows: The first card (T) indicates
that the next card is the title for a series of inputs. The title
card indicates this is a test run for GE 6014 low beam lamps.
According to the C card the two vehicles'centerlines are 12 feet
apart, both are moving at 30 mph and the subject's eyes are 72 inches
behind Tamp one, 42 inches above the road, 20 inches to the left of
the center line and the target is 24 inches above the road and 72
inches to the right of the vehicle centerline. According to the Z



card the target separation distance is 200 feet, the computation
increment interval is 8 feet and the target reflectivity is 10%.

There are four D cards, one for each of the four headlamps, two
per car. Lamp one is on the main vehicle. It is 24 inches above the
road and 30 inches to the left of the vehicle centerline. Lamp 2 is
60 inches to the right of the reference lamp. Lamp 6 is locatad
similar to lamp 1 except its on the opposing vehicle. Lamp 7 is the
right side lamp on the opposing vehicle. (See Table 1.)

Table 1. D cards.
Not used (blank)

///.Above road
I / .F
| Lamp # / //4? e t§g$c?e
i : 1 » 30) i centerline
test subject 2 60 /
- 4 )
Opposing { 6 / / /%0 ‘
Vehicle f l
. / 60
7 jO J 0 !

-«
jﬁ/Right of lamps 1

and 6 respectively

Not forward of/;£

Tamps 1 and 6
respectively

" Above lamps 1
and 6 respectively

The L card indicates the input for a particular vehicle situation has
ended.

Also shown earlier in Appendix 6 is the run command for this par-
ticular program. Shown in Appendix 7 is the input beam pattern. Note



that the 151 line pattern is replicated four times because all four
beams are identical. In Appendix 8 is the printed output from LAMPER.
To facilitate running the program, the card formats described in detail
in Becker and Mortimer, 1974 (pages 58-62) are repeated in Appendix 9.
In this case the material has been presented on FORTRAN coding sheets
to facilitate constructing the input cards.

Some Programming Flaws

There are three problems with the LAMPER program. Because no one
is familiar with the details of the code and because such familiariza-
tion would take a considerable amount of time and result in only a
small improvement in the program, these problems have not been resolved.
Based on extensive use of LAMPER the probability of one of the flaws
occurring is about .1.

Problem 1 - Computational error (p < .01) - On one occasion the
program nalted without producing output and a system message stated
the program attempted to compute the square root of a negative number
in subroutine CONVR. There are no indications why this occurred or
how this problem might be solved.

Problem 2 - Premature Termination (p ~ .03) - During a few runs
the program has not generated output for the last few separation
distances. For example, if it was requested to compute visibility and
glare estimates until the vehicle had cassed each other by 1000 feet
(e.g., the final separation distance, field 2 of Card A was - 1000 ft.),
it would quit at 0 feet (when they met). Careful checking has shown
this not to be an input error.

Problem 3 - Incorrecting Stepping (p ~ .07) - On a few occasions
the program either has not applied the second separation interval (skip)
from the correct initial value or the interval is changed (usually to
a smaller number). For example, if asked to compute values from 2000
to 1000 feet in 500 foot increments and 500 to 1000 feet in 100 foot
increments, it would produce output for 2000', 2500 and 500', 1000',



500', 400', 300', etc. or 2000', 2500', 1500', 1000', 990', 980', 970',
etc. These do not appear to be input errors.

Any ccmments by readers concerning the source of these problems
would be greatly appreciated.

Summary

The sequence of evaluating the headlamp is first to use LAMPER to
generate an original transformed beam pattern(s), then to replicate
the beam pattern if duplicate lamps are present using the MTS SCOPY com-
mand, and finally to have LAMPER and its associated subroutines
generate the actual output.

There are two places where one can easily make mistakes. First,
there must be a D card for each headlamp in the LAMPER program.
Second, there must be a beam intensity pattern for each headlamp. Even
if the same beam intensity pattern is used for all headlamps, it must
be repeated in the beam pattern file.

Running the headlight evaluation programs is not easy. While the
author of this report is not familiar with all the details of these
programs as he did not write them, he will gladly receive comments,
questions, suggestions, and is willing to consult with those who need
advice in making them run. For those interested in modifying these pro-
grams or learning more about their operation, flow charts of all routines
have been recovered from the HSRI archives and are presented in Appendix
10. Variable cross references listing may also be helpful. They may be
obtained by SRUNning *FTNTIDY.
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DEAM PATTERN NO. ! FOR G.E. 6014 LOY BEAM (HO.2 PH.) MAY 7, 1980

HORIZONTAL VERTICAL ANGLES
ANGLE 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 9.5 5.0 5.5 6.0

0.0 4n32.0 2068.0 1ar0.0 7192.0 564.0 461.0 393.0 338.0 313.0 288.0 256.0 2489.0 182.0

0.5 6412.0 2713.0  1250.0 866.0 603.0 485.0 411.0 3u6.0 328.0 jot.o0 268.0 259.0 190.0

1.0 9101.0 3537.0 1801.0 960.0 4.0 514.0 420.0 363.0 337.0 275.0 270.0 266.0 195.0

1.5 11229.0 . n0uB.0 1528.0  1002.0 677.0 544.0 ny3.0 363.0 346.0 310.0 283.0 275.0 206.0

2.0 11850.0  u31n.0 1637.0  105€.0 709.0 547.0 u49.0 369.0 355.0 3o 290.0 281.0 215.0

2.5 TH111.0  4196.0  1655.0 1073.0 712.0 553.0 458.0 381.0 366.0 275.0 2968.0 206.0 211.0 o
3.0 y486.0. 1782.0 1560.0 1025.0 683.0 S41.0 458. 0 381.0 366.0 278.0 301.0 200.0 208.0 :
3.5 8000.0  1369.0  14139.0 960.0 €50.0 529.0 4489.0 372.0 15080 272.0 295.0 273.0 ‘199.0

4.0 7328.0 29085.0  1300.0 895.0 610.0 S14.0 838.0 361.0 346.0 297.0 281.0 263.0 1958.0

8.5 6056.0  2719.0 . 1182.0  048.0 612.0 h99.0 426.0 352.0 3171.0 206.0 2715.0 258.0 194.0

5.0 6294.0  2532.0 105.0 813.0 591.0 193.0 417.0 319.0 334.0 203.0 269.0 257.0 197.0

5.5 5694.0 = 2269.0 064.0 780.0 570.0 470.0 11,0 343.0 325.0 274.90 263.0 255.0 194.0

6.0 5210.0 = 2045.0 981.0 762.0 §56.0 455.0 396.0 334.0 319.0 211.0 256.0 245.0 187.0

6.5 n1669.0  1785.0 809.0 42.6 Sui.0 489.0 390.0 3u0.0 319.0 268.0 250.0 235.0 183.0

1.0 3901.0 1504.0 = 0810.0 694.0 564.0 470.0 405.0 346.0 313.0 262.0 245.90 231.0 183.0

1.5 Joiu.0 1265.0 730.0 638.0 520.0 8086.0 384.0 325.0 290.0 256.0 238.0 220.0 176.0

8.0 2216.0  1022.0 691.0 612.0 485.0 405.0  361.0 307.0 293.0 249.0 232.0 223.0 172.0

8.5 1501.0 892.0 656.0 sda.o0 ' u467.0 3ar.0 340.0 293.0 218.0 236.0 218.0 212.0 164.0

9.0 1259.0 827.0 591.0 564.0 u64.0 378.0 337.0 290.0 275.0 234.0 217.0 207.0 165.0 -
9.5 11490 790.0 . 6009.0 | 550.0 4n3.0 = 1369.0 331.0 290.0 272.0 227.0 211.0 2031.0 150.0
10.0 1099.0 . 7717.0 591.0 $35.0°  “431.0 - -361.0 319.0 201.0 263.0 220.0 207.0 197.0 154.0 co
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0032
0031}
0034
0035
00136
00137
0038
0019
0040
DIV |
00u2
00u3
ooun

oous
oou6
oou
oousB
0oons
0050
0051t
0052
0053
0054
0055
0056
0057
0058
0059

0060
0061
00€2
00¢€3
ooc6H
0065
0066
0067
0J68
0069
0070
007t
0072
0071
0074
007%
0076
0077
[V R
0079
0080
0061

TERNINAL SYSTEM FORTRAN G(21.8  1EST)

20

9905

40
50

BEAMS 05-09-80

IF (FOHNE.T1) GC 1C uQ
D(1) = -XE

D(2) = CARC(3) 12,
D{3) = -CARD(U)/12.
VGZ = Q.

no C 1=1,1

VG (1) = 0.

E(L) = [ (I)

TSA = D(2)+.5

XC = YF/ (YE-TSA) +LSA

XVHIMN = XE

WRITF {$,9905) %, (CALD(I) ,L=2,4) ,M, (CARD(I),E=5,7) ,Mn,ITITL
FOLMAT (1HO,*DISTANCE BETHEEN HEADLIGHT NO.',I12,

1" MISAIM ANGLE (DEGREES) BEAM PATIERN'/® AND (IN.)  X°,

26X, Y, 6X,%2% , 71X, INDEX VERT. HOR. ROT. TINDEX NAMEY /
AUX, *ORIGIN®, 3F7.1,1€6,1X,JF6.1,T6,3%X,21A2)

IF (IBV.NE.1) GO 710 60

XGRZ = RHO®ATAM((SCFI((HHOT+L(2))*D(2)))/RHO)
AVGRZ = XGHZ+KHO*ATAMN{(SCRT((RHOT+YT)*YT)) /RHO)
1F (XSTOP.G1.XGRZ) XSTOP=XGRZ

GO TC 60

Do €C 1=1,3

D(I) = E(L)+CARD (Le1) 12,

WRETE (5,99C6) M, (CARD (1) ,1=2,4) ,M, (CARD (L) ,L=5,7) ,MM,ITITL
9906 FORMAT (4X,'"NO.*, I2,VX,3F7.1,6X,12,1X,3F6.1,4X,12,3X,21A2)

TSB = D(2)+.5
TSR = (YE*CARD (Z)/ V24D (1) #TSB) /(TSB-YE)
IF (TSA.GT.XC) XC=TSA
ISA = -L(1)
IF (TSA.GT.XVMIN) XVMIN=TSA

60 IF (IFEG.NE.O) GC TC 120

C - CALCULATE FGCHEGHOUND GLARE FOR THREE POLNTS AND STRAIGHT
C ALEAD

WM = FCH*AFT (M)
X = XC+.S*DELX
YLP = -LC(2)
YEP = -YEF

70 xLp = X
XEP = X-CARD(2) +XE
XLPS = XEP¥XLP
XFPS = XFE+XEP
I (THV.NF.O) CALL CURVE(INV,3,XLP,0.,D (2) ,TSA,YLP,RUHO)
IF (IFV.NE.O) CALL CUERVE(INV,3,XEP,0.,YE,TSA,YEP,RHO)
YLDPS = YIE*YLT
YEPS = YEI*YEF
Z = 285TRT

90 2Le = Z-C({3)
ZEP = Z4ZE <
THA = XLP*U (1) AYLP+UW(2) ¢ Z2LP*R (])
Bo= KIDAATAN((XLP*W (H) ¢YLPAW (5)¢ZLP*W(6))/TSA)
Vo= FTL*ATAN{(XLP#UH (F) 3YLP*W (B)$ZLP*H (D)) /TSA)

CALL INCAB(U,V,T)
TSA = YEFSeZELAZEE

TSHB = XILESeYLPSYZIEe2LD
TSC = XFPSersa

15:12:1315

42.000
43.000
44.000
0u5.000
046.000
u4?1.000
48.000
49.000
50.000
51.000
52.000
53.000
54.000
S54.600
$5.200
55.800
57.000
508.000
59.000
60.000
61.000
62.000
63.000
64.000
65.000
66.000
67.000
63.000
69.000
T70.000
71.000
72.000
72.000
73.000
T4.000
75.000
76.000
77.000
T8.000
T19.000
a0.000
91.000
8382.000
83.000
Bu.000
85.000
16.000
87.000
89,000
B89.900
920.000
921.000
92.090
93.000
94.000
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SUDBECUTINE INPUT (BASK,I1TITL)
LAST UEFLATE S/S,€0
BY PAUL GREEN, U OF MICHIGAN HWY SAFETY RESEARCH INSTITUTE,

AMM ARBOR, MI 48109

(313) 764 4158

WRITTEN BY JOLCY BECKER

THIS SUBKCUTINE REACS MOST OF THE INPUT CARDS AND

EROCESSES TEE .
DATA AS NEFDED FOR THE LAMPER HFADLIGHT GLARE EVALUATION PROGRAMNM.

THE

FIRST CAKD IIAS THE LETTIER T IN COLUMN 1 AND NOTHING ELSE. CARD 2

HAS THE

" OUTPUT TITLE. THE KEMAINING CARDS (IDENIFIED BY A LETTER IN
COLUNMN 1)
CONTAIN THE INFUT FARAMETERS. THESE CARDS HAVE THE FORMAT

AV ,E9.0,7810.0.
FOR SCME CARDS NOT ALL FIELDS ARE USED.
SEE EFCKER & MCRITMER REPORT UM-HSRI-74-26 FOR DETAILS.
UNIT NUMBERS: 8=COMMANDS T0 BE READ, 5=WHERE OUTPUT IS WRITTEN,

11=FILE

CONTAINING BEAM INTENSITIES (NO DEFAULTS USED!1!!)

DECLAFATICN ANC INITIALIZATICN BLOCK

DIMENSION TALF (13) ,ITITL(4C) ,CARD (8) ,G (8,2),X(2),Y(2) ,Z(2) ,NSHP(2)
1,IT(2),3T(2) ,KT(2),R(2),C(3),S(3)

COMNCN [LS(88),DVIS (88),GLEI(88),GV(88) ,DGI (88) ,DVMIN,DVDS, GVMAX, GV
1DS,DVKG,GVC,GVF,GHMI,GEE, IMAX

COHMNMCM ESTBT,DSTOP,DSD,DST,DSDEL (3), XSTRT, XDEL,EK, PG (4) ,A(2),B(2),
1ALX (2C,10) ,XX (20,2) ,X5,¥S,25,P0(5),GSP (4) ,YE,2E,YT,ZT,GH (5,2) , XM (5
2,2) YK (5,2),2Z8(5,2) ,¥GL(5) ,ZGL (5) ,RUO, XVMIN LANP (15) , ILS,LEK,IGN, I
3HV,ICV,DSGRZ, XVGRZ,ECDH

COMMCN DTR,RTD,XSTCE,ZSTRT,%ZSTOP, DELX, DELZ,RHO0S, RHOT ,ZCL,XE, X8, YBT
1,ZB8,2EL,RC,SX (3),5Y(3),52(3),KkS(3),uUD(2),VD(2) ,BEFL (2),TRS (2) ,P (6
2,2),019,%) ,AFT (15) ,1FG

TH1S CGMMCN STATEMENT WAS ADDED FOR MTS

COMMCK HH,VV,THA,LVA,AL(61,22),DH,DV

CATA TALE/SA®, "1s®, 0S9, 0Ct 4GS, MY, 000, 0P8 ST, 0yr oxs vyes 170,
DATA IBLNK/*' 3,
CATA J1/°IN*,*EXY/
CATA JT/'BE?,*SI'/
DATA kK1,/'AB*,*LE*'/
PO 5 1=1,40

S ITITL (1) = IBLNK
Inv = 0
Icv = 0
Gn = 0
IFG = 0
ILS = 1
XS = 100.
XB = 4.
YBT = -1.
ZBR = 4,25
2BL = -1.7¢%

15:12:52

1.000
1.000
1. 100
1. 200
1.400
1.600
1.700
2.000
2.000
2.100
2.100
2,200
2.200
2.300
2.300
2.400
2.400
2.500
2.600
2.700
2.700
2.750
2.900
3.000
3.100
4.000
5.000
6.000
7.000
8.000
9.000
10.000
11.000
12.000
13.000
14.000
14,250
14.500
15.000
16.000
17.000
18.000
19.000
20.000
21.000
22.000
23.000
24.000
25.000
26.000
27.000
28.000
29.000
30.000
31.000

CAGE 0061
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HICHIGAN TEKMINAL SYSTEM FCETFAN

G(21.8 TEST) ouTPUT 05-09-80

IVERY. VEILING GLARE 15 ACTODAL VALUE CIVICED BY THE FACTOR K.')
0031 RETUE M
0032 END
*OPTIONS IN EFFECT* 1[,EBCCIC,SOURCE,LIST,NOCECK,LOAL, NOMAP
*CPTIONS IN EFEECT* NAME = OUTPUT , LINECNT = 57
*STATISTICS* SOURCE STATEMENTS = 32,PROGRAM SIZE = 1568

*STATISTICS* NO DIAGMCSTICS GENERATED

NO STATEMENTS FLAGGED IN TIE ABOVE COMPILATIONS.

15:13:05
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LL

HEADLIGHT VISIBILITY PERFORMANCE EVALUATION MAY 21, 1980 PAGE
INPUT DATA

TEST RUN FOR GE6UL4LOW , LOW BEAM, 2 LAMPS, PAUL GREEN, 5/80

CENTERLINE DISTANCE 12.0 FEET, VEHICLE VELOCITIES MAIN = 30.0 MPH, OPPOSING = 30.0 MPH
EYE IS 72.0 IN. BEHIND LAMPS, 42.0 IN. ABOVE ROAD AND 20.0 IN. LEFT OF CENTERLINE
TARGET IS 24.0 IN. ABOVE ROAOD AND 72.0 IN. FROM CENTERL INE

OBSERVER RELATION FOR TARGET INTENSITY = EXP(A¢B#*D) , WHERE O IS VISIBILITY DISTANCE
COEFFICIENTS FOR A = C+D(4TH ROOT OF GI), B = E+F{SQRT OF GI)

C D E F
0.3400€E4+01 0.3600E+00 0.1600E~-01 0.8000€E-04

TARGET REFLECTIVITY 1S 10.0 PER CENT

BASIC TARGET REFLECTIVITY FOR OBSERVER RELAYION IS 10.0 PER CENT, NOMINAL EYE RECOVERY RATE PARAMETER IS 0.002858 PER SECOND

ILLUMINATED AREA OF PAVEMENT EXTENDS 200.0 FEET AHEAD OF LAMPS AND -8.0 AND 8.0 FEET FROM CENTERLINE

ROAD REFLECTIVITY IS 10.0 PER CENT.
SEPARATION DISTANCES: INITIAL 4000.0 FEET, FINAL -1000.0 FEET
DISTANCE BETWEEN HEADLIGHT NO. 1 MISAIM ANGLE (DEGREES) BEAM PATTERN

AND (IN.) X Y z INDEX VERT. HOR. ROT. [INDEX NAME
ORIGIN 0.0 24.0 30.0 1 0.0 0.0 0.0 4] G.E. 6014 LOW BEAM (NO.2 PH.)
NO. 2 0.0 0.0 60.0 2 0.0 0.0 0.0 Y] G.E. 6015 LOW BEAM iNTD.2 PH.}
DISTANCE BETWEEN HEADLIGHT NO. 6 MISAIM ANGLE (DBEGREES) BEAM PATTERN
AND (IN.)D X A z INDEX VERT. HOR. ROT. [INDEX NAME
ORIGIN 0.0 24.0 30.0 6 0.0 0.0 0.0 0 G.E. 6014 LOW BEAM (NDO.2 PH.)
NO. 7 0.0 0.0 60.0 1 0.0 0.0 0.0 0 G.E. 6014 LOW BEAM (NO.2 PH.)

CUEFFICIENTS FOR GOL = GA+(AX-CI*EXP(-X/B)
0.2739E+01 0.0 ~0.2489E+01 0.1829E+u3
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TEST RUN FOR GE6O01 4LCwW
SEPARATION VISIBILITY

DISTANCE DI STANCE

(FEET)
4000.
3800.
3600.
3400.
3200.
3000.
2800.
2600.
2400.
2200.
2000.
1800.
1600.
1400.
1200.
1000.
950.
900.
850.
800.
750.
700.
650.
600.
550.
500.
450.
400.

MINIMUM

(FEET)
260.4
260. 2
259.9
259.6
259.2
258.8
258.3
257.8
257.1
256.3
255.4
254.3
252.9

VISIBILITY OISTANCE IS
VISIBILITY DISTANCE FOR NO GLARE CAR IS
COMPONENTS OF MAXIMUM VEILING GLARE ARE 0.01762 FROM UPPOSING CARE AND 0.01058 FROM FOREGROUND

GLARE INTENSITY AND

HEAOLIGHT VISIBILITY PERFORMANCE EVALUATION
OuUT PUT DATA

VEILING GL ARE
GLARE INTENSITY
(FT.LAMB.) (CANDELAS)
0.01094 1721.1
0.01102 1653.1
0.01110 7585.1
0.01119 7517.1
0.01131 7445.2
0.01144 7381.2
0.01159 1271.7
0.01L177 T174.3
0.01199 1049.2
0.01225 6902.4
0.01258 6755.6
0.01296 6531.3
0.UL1347 6307.1
0.01411 6038.2
0.01497 5724.5
0.01621 5410.9
0.01656 5294.7
0.01696 5178.6
0.01740 5064.5
0.01790 4950. 4
0.01844 4814.0
0.01905 46717.6
0.01968 4512.1
0.02042 4346.5
0.02117 4137.3
0.02204 3928.0
0.02295 3686.1
0.02394 3416.8

LOW BEAM,
DISCOMFORY

GL ARE
INDEX
T.5

® 0 0 o & 0 0 ¢ 40 0 s b s 0

S22V AVVVM VN OO OO NNNYN N

9 6 6 0o 0 4 8 o ¢ o0

CNDPOORNNWS SV OCDONWUVENDO=NN WS

MAY 21, 1980 PAGE 2
2 LAMPS, PAUL GREEN, 5/80
SEPARATION VISIBILITY VEILING GLARE DISCOMF ORT
D ISTANCE DISTANCE GLARE INTENSITY GLARE
(FEET) (FEET) (FT.LAMB.) (CANDELAS) INDEX
350. 228.5 0.02496 3111.7 4.5
300. 226.9 0.02596 2773.3 4.4
250. 225.4 0.02687 23971.7 4.2
200. 224.3 0.02762 2001.5 4.0
150. 223.4 0.02821 1597.1 3.8
100. 223.3 0.02823 1181.3 3.5
50. 226.8 0.02603 0.0 3.2
. 230.3 0.02392 0.0 -2.1
-50. 233.6 0.02210 0.0 -2.1
-100. 236.6 0.02051 0.0 ~-2.1
-150. 239.4 0.01914 0.0 -2.1
-200. 242.0 0.01794 0.0 ~2.1
-250. 244.3 0.01691 0.0 ~2.1
-300. 246. 4 0.01601 0.0 -2.1
~350. 248.3 0.01523 0.0 -2.1
—-400. 250.0 0.01456 0.0 -2.1
-450. 251.5 0.01397 0.0 -2.1
-500. 252.9 0.01346 0.0 -2.1
-550. 254.1 0.01302 0.0 -2.1
-600. 255.2 0.01264 0.0 -2.1
-650. 256.2 0.01231 0.0 -2.1
-700. 257.0 0.01202 0.0 ~2.1
-750. 257.8 0.01177 0.0 -2.1
-800. 258.5 0.01155 0.0 -2.1
-850. 259.0 0.01137 0.0 ~2.1
-900. 259.6 0.01120 0.0 -2.1
-950. 260.0 0.011006 0.0 -2.1
-1000. 260.4 0.01094 0.0 -2.1
100. FEET

223.3 FEET AT A SEPARATION OF

263.0 FEET.

MAXIMUM

ENDEX ARE NOT CALCULATED DURING RECOVERY.

VEILING GLARE IS 0.02823 FT.C AT A SEPARATION OF

100.

VEILING GLARE IS ACTUAL VALUE DIVIDED BY THE FACTOR K.

FEET.
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oStart
N

ISet parameters [nitialize variables and constants |

Subroutine Input
Flow Chart |

—E—
Read Cardf

L -
fine RODR,3ASR,EK,A,B 8 ify Car 2 H“—‘ Print Read Card is ID=[ALF 1?
o S/ TIV{X|A{PIO { Comment
t XS= LS= =35 CAR <
L3 s =
Pefine ; Set I[S=0 Print data Define Mixs ¥ “"gﬁ]ﬁﬁ]ag?m
[Define FG(1-4),Print Data,Set FG(4)=-FG(4), Define ZCL,EK,XI, || |label and data
Ket [FG=1 YI,2I,XL,YE,ZE,YT
< PDefine A Fpint T 110 ZT Print Data Calculate l ©Stop
Y1,21,AFT(n) 5
F'———fOeﬁ'ne «8,Y8T,ZBR, ZBL je Reset Print
AFT(M Label
erine ) . X LOELK, d Qs _1Ls=0y, ) 4 data
: O [set YS=YT-YE
Define DSTRT,DSTOP,DSD,JST,DSDEL(1),RHO, qes 25=77-1E
RHOT, RHOS,Reset XX(I,1)=RH0-10 if ¢ N3 y
XX(I, 1 RHO for I=1,20 Calculate GSP(1-4) i i.___,
, Set ICV=-1CV,Calculate
ReseteiXTs OSRT<P-RAD)  [0efTne W,V VF,IR.1L, 0, gsTa-,s-y
DSRT EPS,Calculate YDEL,ZDEL,YEP,ZEP, Define M,Set IGM-I
DX,DXS,Set NI=0,H=5,V=1 Define X(M),Y(n),Z(n)
R(M) REFL( ),NSHP(M),
Js [GM=( rint TRS(M)
L des ‘e =
¢ Define IHV,ICV| (s NSHP(M)¢O i ine
Syint data . i3 (s CARD(2)<0ygReset A(1)
rin
Yes
e Datine M.RO(M),vD(M),¥7, 20,0, Detine RC,1ER

Calculate DX,DY,DZ,F,YAW,PTCH Print data
|Set ROLL=0 3
ﬁ—___){‘ﬁ__} \
'\' : ‘&)Stop
|Set NZ=0 Calculate DY,DZ,F]
Ealculateyyc. o Caiculatq
260,267, s—\sNSHP(n)g ~»7G0,26T,
YGO YGT | YGO,YGT,
yy=H_ Wi
4
Calculate 700,707 N
!
HSHP(M) :
ﬁ.}mmmmmnml Calculate 0(1-3,M),P(1-5.M)>Qs =D c’f A
L7 |
m {Print label and dam__,‘l
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L8

Subroutine Conver
Flow Chart

jStart

| vefine xMIN=1, Set T-R|
lReset lTOP=lTOP+1Ih° ﬁ?izirk;4§S£7RTop=R, XTOP=X, GTOP=G k(s k\d\\
yes ] ; 2 -
ho yer (5 T2 et RBOT=R, XBOT=X, GBOT=G]
[Reset 180T=180T+1]

is IBOT=ITOP>

T

set K=0, ITOP=0, { X
<isoT=0 %j <

v
’W Reset XD=4XD|-3(s XD<XMIN -?)'Calculate X,6 l—ﬁ«lReturn]ﬂbStop
_ Ié"" T =2
(s R0 °

A

alculate
X
set J=3

AN
/é;ruﬂl\]
isﬂvP

J[Set PR+R,PX=T;
J=1,Calculate X » Stop




[ Subroutine Curve(I,J,X,0,E,V,H,R)]

i?tart

‘Set SMA=.05, TSA=I» D+R

| Set A=XIR
105 LYeS A=TSA*SIN(A)

Set A=ATA '
X

lie
i 1=21 N
15 v £ VES

Set TSB=COS(A)
TSC=1.-TSB

ne 1
(T AsSHDESYSet TSCoiA2

{Set W+DeTSB-E-I+ReTSC]
ég' ‘ “’-—r———%:&l
is j¢d s Set V=Re+A

Returnde
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68

zStart
[Set JH=JV=KH=LV=TSE=TSF=1.M=N-0)

Set K=2, is H2HH}-Y Compute

D ho

I=1,JH=-1["° Yes) I=1+H-HH s I21HA3

Set I=IHA,K=I-1,

JH=KH=TSE=-1

[Set TSD=HH-DH+DNT, TSA=/I-TSINT
Set 1=2,9-1 DH

J=14v-wy
DV

(Set TSD=VV-DV+DVeJ,T58= Q/—TSD st}
es NTD /|

lﬁgg K=I+l|

ne yes _Yaes
JV=LV=-1k~(is V2VVl _JSet is J 1VA)

Set L=J¢+]

Subroutine iIntab

Set J=1VA, L=J0-1

JV=TSF=-1

SET N=3

Calculate T
is |AL(T,3)
-AL

<
Calculate DAL

Define N,M, Set EN=N,EM=M, EL=
alculate DAL 2 EM

EMIEN

M

Set N=L,L=d,J=J-1
1SB=TSB+1

lCa]culate ﬂ

no
MO N=0'r
0o ; 7‘?]‘

ICalcu]ate T}

is Tog{T)>.3+AL{

=

ﬁaa

o=
=
'
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[Subroutine Qutput |

zs tart

Set GV(I) for I=1,IMAX
GVG=DTRS«GVG,GVF=DTRS+GVG
GMI=DTRS«GMI ,GMG=DTRS « GME
[HLF=IMAX+1, IDEL=IHLF-IMAX

2 7

Print label and data

sStop
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