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INTRODUCTION

Efficient Roadway Lighting should give a degree of safety and driving
comfort for night traffic not inferior to those experienced in day time under
otherwise comparable conditions, so that the traffic capacity of the road at
night is as much as possible equal to that planned for the day time.

With the advent of high speed road vehicles, the necessity for improving
visibility on the roads increased. A unique characteristic of the visual
task imposed on the motorist is that a break in visual performance is not
possible as long as he is driving the car. In addition to the task of
receiving and processing visual information the motorist must concentrate
on the actual driving of his vehicle.

The task of driving gets more difficult during the night time. The
orincipal purpose of roadway Tighting is to ease the complexity of this
driving task and to create a night-time environment conducive to quick,
accurate and comfortable seeing for the motorist. Adequate visibility at
night results from lighting (both fixed and vehicular) which provides
adequate luminance contrast with good uniformity together with reasonable
freedom from glare. The discussions in this report deal with one aspect

of visibility from fixed roadway lighting, namely glare.

Glare in roadway 1lighting.

When the field of vision of an observer contains a light source whose
Juminance in the direction of the observer is appreciably greater than that
of the other part of his field of vision this light source will give rise
to glare. The glare produced increases with increased glare source luminance,
apparent size and number and with decreasing Tuminance of the background
and with decreasing angle between the direction of observation and direction

to the light source. There are two types of glare effect, they are:



1. Disability glare.

2. Discomfort glare.

Disability glare,

Glare which results in a reduction of visual performance is known as
"disability glare." It is sometimes also referred to as "blinding glare" or
"veiling glare". In the German literature the term "physiologische Blendung”
(physiological glare) is used on the grounds that this is a purely physiolo-
gical (that is peripheral) reaction, which can be measured by purely physio-

logical methods.,

Discomfort glare.

Discomfort glare is the negative subjective reaction to too-bright
lights, as contrasted with disability glare which is a visual performance
loss. Discomfort glare can definitely be observed in cases where disability
glare can hardly be measured. Thus, in an artificially 1ighted street where
a measurable effect of glare on the visual perfdrmance is practically absent
discomfort glare can still be inadmissibly high. Discomfort glare 1is
referred to in the German literature as "psychologische Blendung" (psycholo-
gical glare), on the grounds that the sensations involved are largely or

wholly of a psychological (that is, in the central nervous system) nature.

Discomfort glare as a design criterion:

While both forms of glare reactions are caused by the same Tight, many
factors involved in roadway lighting such as source size, displacement angle
of the source, illuminance at the eye, adaptation level, surrounding Tumi-
nance exposure time and motion do not affect both forms of giare in the same

manner, nor to the same degree. The only two factors common ta both forms of

glare are i1luminance at the eye and the angle of entrance in to the eye.



Even these factors have varying effects on the two forms of glare.

It is generally true that even though disability glare is negligible,
the discomfort glare can be appreciable. Conversly, if the discomfort glare
is acceptable, hardly any effect on visual performance may be expected.
Thus, discomfort glare freguently serves the protective function of preventing
disability glare, or worse, because it generally occurs at Tower Tuminances
and because people avoid situations which produce discomfort and thus, avoid
disability. Clearly, such a conclusion is of extreme importance for the
proper design of street 1lighting installations: it means that one might be
able to restrict one's attention to discomfort glare. Hence, further
discussions in this report will be confined to the discomfort glare aspect

of roadway 1ighting.

Research on Discomfort glare in Road Lighting.

European roadway lighting has included the estimation and prevention of
discomfort glare for some years. This is based on a predictive system called,
"Glaremark". Unfortunately, North American tests have failed to show the
adaptability or validity of Glaremark (Keck and Odle 1975). Therefore in
order to provide a basis for a North American system research is underway
at Kansas State University. Discomfort glare research related to roadways
has been supported by the I1luminating Engineering Research Institute (1ERI)
off and on for a number of years. The first study was an extensive experiment
based upon the pilot work of Putnam and his coworkers (Bennett 1977). A
multiple regression model has been developed for predicting glare sensitivity
as a function of glare source size, position and background luminance for a

single glare source (Bennett, 1977). This study enabled prediction of an

average response for a single, static glare source. Later probit analysis

(Bennett and Rubison, 1979) enabled predication of an arbitrary percentile



rather than just the average.

Further research extended this work to a number of static sources
rather than a single source (Bennett 1980). Based upon a suggestion by
Glenn Fry as to how to accommodate varying number of sources, Merle Keck
of the Roadway Lighting Committee, Research Sub-committee produced the
"cumulative Brightness Evaluation (CBE)" system for using in roadway
lighting designs using these research results.

Further unpublished field tests were conducted by Vincent P. Gallagher
in Philadelphia (Gallagher & Keck 1981). The site was located in Philadelphia
and consisted of a glare street served by luminaires mounted on opposite
spaced poles 110.5 ft apart. Each pole was capable of carrying two Tuminaires
and each Tuminaire could be switched independently. One type of Tuminaire
was used for all the configurations. Two spacing--110.5 ft. opposite and
221 ft. opposite and seven 1ight Tevels--maximum about four times minimum,
were used. Twenty four subjects were used who rode through each of the 10
configurations and scored each system in terms of brightness of pavement,
visibility discomfort glare, uniformly of pavement brightness and overall
quality. Ranking for the ten configurations was based on the 'glaremark'
and 'CBE' values computed by Merle Keck using photometric data and field
data. Also, the ranking for the 10 configuration was done by observer
rating. However, the glaremark and North American CBE systems were equally
unpredictive.

Based upon the idea of Fry's, a dynamic roadway lighting simulator
for discomfort glare research was designed and built at Kansas State University
during the first part of 1982 (Anantha, Dubbert and Bennett 1982) An
experiment was conducted using this simulator in the summer, 1982 (Bennett
1983). Seventy-four subjects were run each for three hours. In the

experiment the conditions simulated included:



1) Car speeds of 30 mph and 60 mph. 5

2) Spacing of 4 MH (Mounting Height) and 8 MH.

3) One side Tighting and two side staggered lighting.

4} Number of lights of 26, 10, 2, and 1.

5) A dynamic condition and a static condition.

Linear regression equations were fitted to each subject's luminance-
criterion selection for each experimental condition. Each equation was used
to estimate a luminance value for the "BCD" (Border line between Comfort and
Discomfort) criterion.

Results showed that the static condition was Tless uncomfortable than
the dynamic conditions. Correspondingly, the smaller BCD value for 60 mph
than for 30 mph showed that the annoyance value was greater for the higher
speed. Spacing was the statistically significant variable. Observers were
less sensitive to the 8 MH condifions than the standard 4 MH conditions. No
difference was found between Tighting on one or both sides and number of
lights. Finally, no fatigue effect was found over three hours.

The results show, in general, that the Fry simulator approach was &
useful way to study discomfort glare from fixed roadway 1ighting. The main
advantage {s that it is much less expensive than field lighting tests and
is much more flexible.

However, this Fry simulator needed further improvements which were
compromised in the interest of expediency in meeting the needs of road
light specialists. Therefore, a newly-engineered simulator was built to
get a simulation closer to actual roadway Tighting.

This report deals with the major improvements and achievements of this
new simulator. Also a change of direction for the research was planned.
Rather than a "parametric study" a predictive - systems - validation approach

was planned. This leads to the second major aspect of this report i.e. the

Predictions of Discomfort glare by the two predictive systems, Glaremark and



CBE and prediction of Discomfort glare from the subjects actual rating.



PROBLEM
The objective of this report is to build a new simulator, an improved
version of Fry simulator with the following improvements/developments.
1) Observer position to be made more realistic by providing a
car seat, steering wheel, etc.
2) Variation of Tuminous area of the Tuminaire as a function of
viewing angle.
3) Use of different types of luminaires.
4) Create a Roadway Lighting simulation which would appeal to the
observer close to the real world condition.
With the help of this simulator a predictive-systems-validation study
will be conducted. The prediction of glare by observers rating will be
compared with that of the prediction of glare by the predictive systems —

CBE and Glaremark for the four different types of luminaire.



PRINCIPLES OF DYNAMIC SIMULATION

The basic concept of the simulation is: a disk is rotatedin front of
a light source. The disk has a clear spiral which increases in width as it
spirals outward. The disk is opaque except for the clear spiral track. An
occluder with a narrow open sector occludes most of the disk. As the disk
rotates behind the occluder, the observer sees a series of 'roadway lights'
from the large first light above him to the ever more closely-spaced small
lights near the horizon. The basic concept is further developed in this new
simulator.

The new concept is: Two disks rotate in opposite direction (in pro-
partion to the vehicle speed) behind an occluder. The disks are opague
except for clear double-spiral tracks on each of them as shown in Figure 1.
The occluder is opaque except for the two narrow sectors. Both the disks and
the occluder are in front of the light source. On the several places where
the two sectors and the double-spirals on each disk intersect a series of
roadlights occur. These appear to move toward and above the driver, getting
larger. Further discussions will expand this concept and translate the

roadway 1lighting conditions to simulation parameters.

Real World Conditions vs Simulation Parameters

The first step is to establish the relationships between the road-
lighting conditions and the simulation parameters. Table 1 establishes such

relationships.
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FIGURE 1: DOUBLE SPIRAL TRACK
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TABLE 1.

REAL WORLD CONDITION

10

Real World Conditions and Simulation Parameters.

SIMULATION PARAMETER

1)

Speed of the car, M mph

Angular distance from the
observer's line of sight to the
road 1ight {varying between

a and R)

Distance from the motorist to

the 1ight pole, D

Horizontal dimension of luminaire,

W
Vertical dimension of luminaire,

H

Lateral displacement of the light

pole from the line of sight, L

1)

2)

5)

(o)}

Rotational speed of the disk, m
rpm

Angular distance from the
observer's line of sight to the
spiral segment (varying between
o and 8)

Spiral segment radius, r

Width of the narrow open section
in the opaque mask, w

Width of the spiral (in the
radial direction), h

Angular position of open sector

on mask from the vertical, X



Design Calulations for the Simulator

S
—————

X(MH)

Let (MH) be the mounting height of the luminaire
(EL) be the eye level of tﬁe motorist from the road
o« be the windshield cut-off angle
and C be the corresponding distance of the pole to the motorist at

cut-off angle.

1L
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The spacing (S) between two adjacent light poles can be expressed as a
multiple of mounting height (MH). Let this spacing be X(MH). Let d be the
viewing distance of the simulation spiral. The instantaneous radius r of
this spiral can be calculated from the similar triangles shown below, where

D is the instantaneous distance (in the real world) of the light pole from

|

!

the motorist.

(MH — EL) '-_T

[
| r
_I |

— [

.- (1)

A distance of § or X(MH) corresponds to one revolution (i.e., 27 radians) of
the spiral. Therefore, a distance of D corresponding to an angular rotation
of 8 radians is given by

X (MH)

= 0/8
27

D = X(MH) . 8/2x (2)
Substituting for D in equation (1),
(MH - EL) d

P = . 2n/8 (3)
X (MH)
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From equation (2).

27
az-ﬂM——)—.D (4)
The 1imits for the value of & have to be fixed. Considering the one extreme
condition, when the closest luminaire is just about to be cutoff from view by

the windshield, the maximum radius r ... of the spiral can be obtained from the

ax

similar triangles

Now tan o ='"——C"--—= ‘—a"——

(5)

-
1]
a
o+
[+1)
= }

Q

maX

From equation (4)
2m

6 _ 5
max = XAy
an (MH — EL)
- X{MH) tan a (7)

The other Timiting value 8 in is obtained, considering the luminaire farthest

C

away from the motorist. If the motorist is able to see a total of N Tuminaires,
then the distance of the luminaire farthest away from the motorist is € + (N-1)

S i.e., C+ (N-1) X(MH).
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it //,,r-"”' |
C + (N-1) X (MH) d

From these similar triangles,

"min (MH — EL)

d C + (N-1) X(MH)

d.(MH — EL)

‘min = T ¥ (N-1J X(WA) (8)

From equation (4),

2m

_ . [C + (N-1) X(MH)3 9
“min T X(WR) i B ©)

Thus, equation (3) establishes the radius of the spiral and equations (7} and
(9) establish the limits for the rotational angle & through which the spiral
has to be plotted. The vertical dimensions of the luminaire has to be
simulated by plotting another concentric spiral. This will give rise to

a spiral track, the width (in the radial direction) of which will correspond

to the vertical dimension of the Tuminaire. The radius of this outer spiral

is given by

(M —~ EL +H) d 5/ {10)
X (M)

ry

where H is the vertical dimension of the luminaire. Equation (10) accounts
only for the distance effect in computing the vertical dimension of the
luminaire. However, the Tuminous area of the luminaire is not perpendicular

to the Tine of sight. Therefore, the luminous area varies as a function of the
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vertical angle as the observer moves. In order to incorporate the luminous
area as a function of vertical angle in equation (10) the vertical dimension
(HY of the luminaire is assumed to vary linearly as the angle changes. It

can be computed as follows.

zh

4
O

E‘Af\\l

The figure shows the width LHT, and the vertical height (LHT;) of the

Tuminaire. The following linear relation is assumed.

vertical
dimension |
LHTZ = _}\\\
1 \\\\'\
| \\"\-\.
| S
Wiy e mEme =
_ﬂ—e; Gf
Angle Y
At 5, = cut off angie (a), H = LHT,
6 = 2m x number of Revolutions, H = LHT,

As & varies from the cutoff angle to 27 (rev) the vertical dimension

of the luminaire varies from LHT, to LHT,, as per the following equation

H=me+b - (11)
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where » is the slope of line A and b is the intercept of 1ine A in the
above figure.
Now the values of i and b can be evaluated as
LHT, = LHT;

Slope M = (12)
8, — 6.

Substituting in egquation (11) we get

(LHT, — LHT})
H = 8 +b (13)
8, B¢
When H = LHT,: 8 = 6,

;
Substituting these values in equation (13)
(LHT, — LHT;)

LHT, = . Bi + b
8. 0
i f

( LHT, — LHT;)
. 6. (14)
By — ef) i

o
1l

LHT, —

Substituting the values of M and b from equations (12) and (14) respectively

in equation {11) we get
(LHT, = LHT;) (LHT, — LHTy)
Ho = (e, = 6 ) R L T -y 6 ) %
i i

(LHT,— LHTy)

H = 5. "%

(6 — ei) + LHT, (15)
i f

The difference between r; and r (the instantaneous radii of the outer and
inner spirals) gives the width of the spiral in the radial direction, which
corresponds to the vertical dimension of the luminaire

The instantaneous width h of the spiral = r; — r
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(MH — EL + H) d (M — EL) ..
s 2_,1_/8 _ - 2'IT6
X (MR . X{VH)
: Hodonre (16)
X THR)

The horizontal dimension W of the luminaire is simutated by the narrow
opening in the mask, by maintaining the angle subtended by the width w of the
opening at any point the same as that subtended by the corresponding luminaire
on the road. This is done by considering the two sets of similar triangles

shown in Figure 2 from the Tower set of similar triangles,

PQ XY
0o oY
0Q PQ r

= — = ——— =d/D from equation {1)
oY XY (MH — EL)

From the upper set of similar traingles,

RQ  Z¥
0Q oY
0a
w =RQ = ZY.— =W.d/D
oY
(W.d)
w =

Thus, the width of the narrow opening in the mask is linearly related and
inversely proportional to the distance D of the motorist from the Tight pole.
At the windshield cut-off angle point, this width wC = W.d/C. At the

other end, corresponding to the farthest Tuminaire, it will be
d

W o .
C+ (N—= 1) X (MH)
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FIGURE 2: GEOMETRY FOR LUMINAIRE WIDTH SIMULATION




Thus the s1it diverges from the center of the disk to the outer radius, as

shown below

W . d/C

w |

L- Jw.dv

C+ (N-1) X (MH)

If the angular width of this opening is 2n,

then tan n

d

B 1|

/2 LW . d/C = W . =17
"max "min
1

/2 M. d [V - =Ty ¥ [T
(MH - EL)

ditan o = ———f =17

O (N = 1) K (8H) - C
7z W CIC+ (N1 ¥ (W)

tah a . [C + (N—1) X (MH)] - (MH — EL)

[C+ (N=1) X (MH)]
W C(N=1) X (MH)]
2C {tan o. [C+ (N=1) X (MH)] — (MH — EL)}

19



. -1 WL {n-1) X (MH)}
Angular width, 2n = 2 tan

20

2C {tan a . [C + (N=1) X (MH)J - (MH-EL)}

This slit in the mask will be positioned vertically only when the row
of Tights are along the line of sight. However, this is not generally the
case. If the 1lights are on one side of the road and laterally displaced
from the line of sight by a distance L and if it is assumed that the 1ight
which is farthest away from the motorist is on the line of sight, then the

following consideration is valid.

. 1
—7 7
| |

1 = L/C . d

Thus, the slit in the mask must be laterally offset by the amount at the

miximun radius, corresponding to the windshield cut-off point.

\\\\ 5 s rmax

If X is the angle by which this slit must be tilted from the vertical

position, then



1 L. d/C
r d . tan a

+
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C tan o

(MH - E1)
. tan a
tan o

L
(MH - EL)
The angle X by which the narrow opening in the mask must be tilted from the
vertical is given by
-1 L

A = tan TVH ~ EL)

Finally the rotational speed of the disk simulating the speed of the
car is calculated, considering the fact that one revolution of the spiral
corresponds to a distance travelled of one spacing between the poles. In
other words, X{MH}'/min corresponds to 1 rpm of the spiral. Therefore,
the rotational speed of the spiral, to simulate a driving speed of M mph
(i.e., 88 M'/min) is f%%ﬁT rpm.

RPM of the disk, m = Y%%%?

where M is the speed of the car in mph and MH is the mounting height of the

Tuminaire in feet.

SUMMARY OF DYNAMIC SIMULATION

The development of the new simulator for roadway lighting can be
summarized as follows.

At the suggestion of Merle Keck, Billy Lee Shelby provided data and

21
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ﬁarried out computer studies for four types of roadway lighting systems as
Tisted below.
Cobra head (Horizontal luminaire)
HPS (High Pressure Sodium) long-cut off
HPS cut off and
Post Top
The luminaire systems are discussed in detail in the method section.
Keeping the road width and mounting height constant for each type of
Juminaire the spacing was varied to get an average pavement luminance of
one candela per meter square in all cases except the Post-Top, which was
based on an average luminance of 0.5 candela per meter square.
The road description and the other details used in the roadway 1ighting

design are Tisted below:

Number of Roadway 1
Number of lanes per roadway 4
wjdth of each lane .75 M
Width of roadway 15.00 M
Cut off angle (a) 200

Eye level of the motorist (EL) 4ft

Number of luminaires seen
by the motorist (N) 8

Viewing distance of the observer
in the simulator (d) 42"

The mounting height and the spacing used for each type of luminaire is
given in Table 2.

Knowing the above details a computer program was written to get a double-
spiral track for each type of luminaire. The photonegatives of the spiral

nlots with a clear spiral track were glued to the plexiglass disks. Two disks



TABLE 2: MOUNTING HEIGHT AND SPACING FOR EACH

TYPE OF LUMINAIRE

TYPE OF LUMINAIRE MOUNTING HEIGHT
COBRAHEAD 32!
HPS (HIGH PRESSURE
SODIUM)CUT-OFF 32!
HPS LONG CUT-OFF 26"

POST TOP 32!

SPACING

164"

197!
197"
200°

23
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gach having a double-spiral were rotated at m rpm in the opposite direction
behind an occluder which had two graduated sectors tilted at an angle X to
the vertical. Both the disks and the occluder were mounted in front of a
light source. The observer was positioned in a car seat with a viewing
distance of d from the disk. The 1ighted spiral track segments where the
sector and the double-spiral on each disk intersect simulated the road lights

as seen by a motorist on an artificially lighted roadway as shown in figure 3.
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GLAREMARK AND CBE COMPUTATION

Discomfort glare can be quantified by using the empirical model called
Glaremark {reported in CIE publication No. 31, 1976; Van Bommel and de Boer
1980) and "Cumulative Brightness Evaluation (CBE)" (Bennett, 1979). The
subjective apprasals of the concept Discomfort Glare would be scaled
similar to the physical scale produced using the Glaremark and CBE system.
Further discussions deal with the computational details of the CBE and

Glaremark values,

Calculation of Glaremark

In this empirical model the observer position along or across the
roadway is not a criterion and thus it makes no difference to Glaremark if
the observer is in lane 1 or lane 6 or whether he is moving dynamically or

is static. The calculation of Glaremark is done using the following formula.

SLI = 13.84 — 3.31 log I-80 + 1.3 (log 1-80/1-88)1/2
- 0.08 log 1-80/1-88 + 1.29 log F (17)
GM = SLI + 0.97 log L + 4.41 log h! — 1.46 log P (18)

where the following definitions apply:

1-80 - luminance intensity at 80% in Co plane.
Co plane - Plane perpendicular to the plane of the central vertical axis
of the luminaire (i.e., 90°horizontal).
[-88 - Luminance intensity at 88° in the Co plane.
F - Flashed area of the luminaire as viewed from 76°.
SLI - Specific Luminance Intensity of the Luminaire.
L - Average roadway luminance.
hl - Height of the luminaire above the road minus the observer height.
P - A quantity based on the number of Tuminaires per km.
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Values of I-80 and I-88 can be found from the photometric data of the

luminaire. Similarly the other values can be obtained or calculated from

the knowledge of the real world roadway lighting parameters.

Calculation of CBE

CBE is an observer-oriented system and the percentage of tolerable CBEwill
vary depending on the lane in which the observer is located and his position
along that lane. The equation as developed by Merle Keck based on a suggestion
by Dr. Glenn Fry using findings at Kansas State University is as follows:

1.67 1.67
(By }S, (B JRPS

(BE = —0.08 A * 0.08 A, (19)

w0

(in fL) is the brightness of the glare source

wy

(in steradians) 1is the source size

=

(in degrees) is the source angle off the Tine of sight

CBE is the mean borderline between comfort and discomfort (BCD) -
discomfort glare criterion. The prediction of glare for the four different
types of Tuminaire will be calculated using the equations (18) and (19) and

the same will be compared with the subjects prediction of glare.
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METHOD
Simulator
The major features of the new simulator are described under these

headings

Observer position

Disk System

Mounting and Driving System for Disks

Luminaire System

Cooling System

Opaque mask with graduated sectars

Control Panel

Observer Position: Figure 4 shows the simulator with the observer behind the

wheel. An automobile drivers compartment was installed in the lab. The
viewing distance of the observer from the disk was 42". Background luminance
was provided by a Tight source which was located on the top of the car facing
the graduated sectors. The background luminance could be adjusted to 1.00 cd/
m2 or 0.5 cd/m?2 depending on the type of luminaire. The open sides of the
car including the window were covered with black cloth so that the observer
does not see any outside 1ight. Dash lights were provided. The intensity of
the dash light varied from 0.02 fL to 0.06 fL with an average of 0.04 fL.

This seating arrangement was quite comfortable and appealed to the observer

that he was driving the car during the night time(Figure 5).

Disk Systems: A computer program was written to plot the double spiral for

each type of luminaire for opposite side lighting except for post-top
Juminaire. Types of luminaire used in the simulation were as follows:

Cobrahead: Figure 6 shows a typical cobrahead luminaire. Figures 7

and 8 gives the isofootcandle lines of horizontal iTlumination and the
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Horizontal Luminaire

High Pressure Sodium-—200 to 400 Watts, Mercury Vapor—-400 Watts,
Metal Halide —400 Watts
SERIES: 25 and 26

TTTcme’

A unit of the Lighting Fixture Division

FIGURE 6: Typical Cobrahead Luminaire
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candle power table respectively for this luninaire.

HPS Cut-0ff: Figure 9 shows a typical HPS cut-off luminaire. Figures 10
and 11 gives the isofootcandle Tines of horizontal illumination and the
candle power table respectively for this luminaire.

HPS Long Cut-0ff: Figure 12 shows a typical HPS Tong-cut-off Tuminaire.

Figures 13 and 14 gives the isofootcandle Tines of horizontal illumination
and the candle power table respectively for this luminaire.
Post-Top: It is a cylindrical type of luminaire with the top diameter as
12" and the bottom diameter as 9.5" with a height of 6.5". Figures 15
and 16 gives the isofootcandle lines of horizontal illumination and the

candle power table respectively for this luminaire.

In case of post-top luminaire one side lighting was used as this is the
typical application of such lighting. A single spiral track was plotted for
this. A typical program for a double spiral track with complete details
of programming is shown in Appendix. For each spiral track corresponding to
a particular type of luminaire two photo negatives of size 3' x 3' were
developed as shown in the Figure 17. These photonegatives were glued to 3/8"
plexiglass disks of 3' diameter with an acrylic adhesive which dried clear
not affecting the clear spiral track. Thus, two disks having the same double-
spiral track, offset from one another by 52° and rotated in the opposite
direction simulated roadway lights for a particular luminaire with opposite
side lighting. As there is friction between the two disks when they are
rotated in the opposite direction, felt pieces were glued toane side of one
disk rubbing against the other disk to reduce friction and allow smooth
rotation. The opaque part of the disk was painted with a heat resistant
black paint leaving the spiral track clear. This prevented the transmission
of light from the clear spiral track segment of one disk through the dark

part of the other disk at the intersection of the open sector as shown by
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HPS Cutoff Luminaire

High Pressure Sodium—70 to 400 Watts
Series: 53/54 & 153/154

TTT oéime

A unit of the Lighting Finture Division

FIGURE 9:  Typical HPS cut-off Luminaire
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FIGURE 12:

HPS

uminaire

High Pressure Sodium—-70 to 400 Watts

SERIES: 53/54 and 153/154

TTT licfimng

A unil of the Lighting Flxture Divielon

Typical HPS long cut-off luminaire
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FIGURE 17: Photonegatives of Double Spiral Plot
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the red spots in Figure 18. Thus only the intersecting double spiral segments
at the open sectors were lighted which simulated the roadway lights as shown
by the black spots in Figure 18. A piece of felt painted with high heat
reflectant aluminum paint was glued to the opague part of the side of the
disk facing the luminaire. This helped in reflecting the heat falling on the
disks from the luminaire and in keeping the disks cool. A 0.5" diameter hole
was drilled at the center of the disk for mounting purposes. Two holes of
0.25" diameter were drilled on a radius of 2.5" to locate the disk. Figurel9
shows the two disks mounted for simulating roadway lights for a particular

type of luminaire.

Mounting and Driving System for Disks: Figure 20 gives the details of the

mounting system. Each of the two disks were mounted on the two pins projecting
on the faces of the two aluminum hubs each of 4" diameter. The hub on the
right hand side is movable where as the hub to the left is fixed. These hubs
are mounted on two different shafts. There are grease inlets provided on

the hubs for lubrication. The two hubs are screwed to the two sprockets which
connect it to the drive system. The drive is transmitted from the chains to
the sprockets which rotate the hubs and in turn rota&e the disks. The drive
system is designed and built in such a way that the two hubs rotate in the
opposite direction. Figures 21 and 22 give the details of the drive system.
The motor unit used is a 12 volt DC motor rated at 8 Amps maximum,
approximately 40 rpm. The motor has a worm gear reduction to provide low

rpm with high torque. The motor is tiltable and the gear (1) can be
engaged to the gear (3) which provide a high range of speed (no speed
reduction) or to gear (1) which provide a Tow range of speed (speed reduction

2:1). The drive is transmitted by the gears which finally rotate the
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FIGURE 18: INTERSECTING DOUBLE SPIRALS
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DRIVE SYSTEM FOR DISKS

FIGURE 213
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sprockets in such a way that the two chains move in the opposite direction.
This in turn rotates the sprockets in the mounting system in the opposite
direction which finally rotates the hubs and the disks in the opposite

direction.

Luminiare System: Figure 23 gives the details of the luminaire system. Two

light fixtures were mounted in line with the open sectors. Each light
fixture used five 300 watt quartzline Jamps covered with a high heat resistant
glass on the front side. All the lamps were arranged in the fixture in a
stacked configuration with the flament of each bulb positioned at the focus
of the E11iplical Reflector made of tin sheet. The elliplical reflector
increased the efficiency of the light source by concentrating the Tight from
the quartzline lamps on a long, narrow piece of diffusing glass (Factorlite).
The Factorlite help in diffusing the luminance so that the individual sources
are less distinguishable. The net effect is to produce a long narrow bar of
intense and well diffused light. Intensities as high as 100,000 cd/m? could

be obtained by this system.

Cooling System: An effective cooling system was designed as shown in Figure 23

Cool air was circulated in the lighting fixture with the help of flexible
rubber hose connected to the lighting fixture from the blower. Another blower
was mounted in between the luminaires as shown in Figure 23 which directed
coo] air on the heat resistant shield and the part of the disk facing the
Tuminaire. A flexible rubber hose from another blower was directed at the
center of disk which prevented the center of the disk from getting heated.
The heat resistant shield as shown in Figure 24 was made of wood painted with

heat resistant aluminum paint which further helped in keeping the disk cool.
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FIGURE 24: HEAT RESISTANT SHIELD IN CLOSED POSITION AFTER MOUNTING DISKS



53

Opaque mask with the graduated Sectors: The front of the car was covered by

a plywood sheet of size 3 1/2' x 3 1/2'. Sectors were cut in this plywood
sheet. This acted as the opaque mask with the open sectors. Slots were
provided on either side of the sectors. Two graduated sectors for each type
of luminaire were made of tin sheet which could be sTid along these slots

and positioned easily. The graduated sectors were painted black on the

side facing the observer.

Control Panel: Figure 25 shows the details of the control panel. Luminance

of the Tight source could be adjusted with an external transformer by the
experimenter or by the observer with a transformer inside the car. After
adjusting the transformer the corresponding voltage couldbe read on the
voltmeter connected to it. The drive systemwas controlled by another
external transformer. The voltage could be adjusted to increase or decrease
the speed of the rotating disks. The background luminance couldbe adjusted
by another external transformer. Therewas a switch board which connected

the transformers, voltmeter and the cooling system to the mains.
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Conditions of Study

In the first part of the experiment the task of night driving was per-
formed with the help of the simulator by 12 subjects under four different
types of luminaire: Cobrahead, HPS (High Pressure Sodium) Cut-off, HPS long
cut-off and Post Top, at two speeds 30 mph and 60 mph. For each combination
of luminaire and speed eight Tevels of luminance 200, 300, 1000, 2000, 5000,
10,000, 20,000 and 50,000 cd/m? were set by the experimenter. Far each combi-
nation of luminaire, speed and luminance level the subject was asked to rate
the glare criterion on the New North American Glare Scale shown in Figure 26,
The description in enclosed brackets refer to the de Boer Scale where unbearable
has a number 1 and unnoticeable has a number 9. In the second part of the
experiment for each combination of the luminaire and speed the subject was
asked to adjust the Tuminance to the Tevel called BCD {(borderline between
comfort and discomfort). Detail written instructions were given to the sub-

jects. These instructions are shown in Figure 27.

Experimental Design

Four types of Tuminaire and two speeds were the independent variable.
The dependent variables were the subjects rating and the adjusted BCD values.
As the mounting of the disks took considerable amount of time, instead of a
completely randomized design a more practical design called the “Split-Plot"
design was used. One luminaire was chosen randomly out of the four types of
luminaire. Having fixed the luminaire type the two speeds were selected
randomly. For each combination of Tuminaire and speed the subjects were
asked to rate the glare for eight levels of luminance. The same procedure
of randomization was repeated for the second part of the experiment. However,

now the subject adjusted the Tuminance level to a criterion called BCD for

each combination Tuminaire type and speed.
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NEW NORTH AMERICAN GLARE SCALE

INTOLERABLE {UNBEARABLE)

BORDER LINE BETWEEN UNCOMFORTABLE AND INTOLERABLE (DISTURBING)

BORDER LINE BETWEEN COMFORT AND DISCOMFORT (BCD) (JUST ADMISSIBLE)

RORDER LINE BETWEEN COMFORTABLE AND PLEASANT (SATISFACTORY)

PLEASANT (UNNOTICEABLE)

Figure 26: NEW NORTH AMERICAN GLARE SCALE
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INSTRUCTION SHEET PLEASE READ CAREFULLY

This simulator is designed to simulate actual dynamic roadway lighting
conditions. You, as a subject will be performing an experiment with this
simulator.

Take a seat in the car and make yourself comfortable. Locate the string
with a metal strip tied to its end in front of you. Grab the metal strip
and pull the string over the steering wheel towards you. Now with the other
hand adjust your seat so that the end of the metal strip touches your eye
Tashes. Now you are ready to take-off. Keep your hands on the steering
wheel.

You will be driving the car under four different types of luminaire and
two different speeds. For each combination of luminaire and speed eight
different levels of Tuminance will be adjusted. In all you will be driving
under 16 combinations of Tuminance and speed for each of the four different
types of luminaire.

Under each condition you will be asked to rate the glare criterion for
Tuminance as per the scale in Figure 26. This scale is also posted to your
right in the car. You are provided with a flash 1ight to Took at this scale.
You may go through the same carefully.

After each combination of luminaire and speed you will be asked whether
that particular speed was annoying or not.

Also, you will be rating each of the four luminaire systems as per the

following scale:

1 g 3 4 5 6 7 8 9 10
¥ v
BAD+- G000

In the second part of the experiment you will be adjusting the luminance

Tevel to a criterion called BCD (border line between comfort and discomfort)

FIGURE 27:  INSTRUCTION SHEET (cont'd)
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as shown on the scale in Figure 26 represented by the number 5. You will

follow the procedure described below to adjust for BCD. Locate the trans-
former to your right beside your seat. Grab the handle of the transformer
and rotate in clockwise direction for about 20° to 25°. Now press the
handle towards you and rotate the handle for about 20° to 25° in the anti-
clockwise direction to Tocate a new position on the transformer knob., Now
rotate the handle again in the clockwise direction for 20° to 25°. Repeat
the same procedure. Please note that as you rotate the handle in the clock-
wise direction the luminance level will increase. To reduce the luminance
level repeat the same procedure in the opposite direction. You are now

ready to adjust the luminance level to a point called between Comfort and

Discomfort ~ BCD, when I ask you to do so. First take the control and

increase the intensity of light to a high level. Look at the Tighi! Most
people would say that the light is uncomfortable glaring. Now take the
control and turn the 1ight down until it is at a Tow Tevel. Look at the
]ight! Most people would say that the light is comfortable i.e., not
glaring. Now, somewhere between these two extremes should be a point of
change, a threshold, where the light is at the borderline between comfort

and discomfort. This is what we call BCD. This point should be such that

the Tight is not annoying or uncomfortable to you, BUT, if it were any

higher, it would be uncomfortable. Take your time to find the BCD point.

DO NOT set the light at the border line between uncomfortable and intolerable

—this is a higher level. Similarly do not use the comfortable—pleasantness

criterion—this is a lower Tevel. BCD is between these two criteria. You

will be repeating the same for each combination of Tuminaire and speed.

After completing the same you will be asked the following questions.

Figure 27: INSTRUCTION SHEET (cont’d)
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1) Did the lights in a particular region in the sector trouble you more or

constitute to most of the glare?

2) Does the simulation appeal to you giving the same sensation as
experienced during night time driving?
The approximate time for you to complete the experiment will be about

1 1/2 hours. 1 will be glad to answer any questions you might have.

Figure 27: INSTRUCTION SHEET (cont'd)
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Twelve subjects — four females and eight males were run for one and

half hour each for $6.00 for the pilot study. The age of the subjects varied
from 54 years to 23 years with a mean age of 32 years. Their biographical

data is listed in Table 2.



TABLE: 3 BIOGRAPHICAL .DATA OF SUBJECTS
‘ 61
SUBJECT SEX AGE AREA OF STUDY
NUMEER M/F YEARS PROFESSION COMMENTS
1 M 54 Professor
2 F 36 Cashier One side lighting was the
WOoTSst.
3 M 44 Secretary Should have music,
4 F 29 Grain Science None
Grad.
5 M 26 Cashier Comfortable and realistic. i
6 M 30 Electrical Projection of road will add to
Engg. Grad. quality of simulators
Good simulation. At higher
7 M 26 I.E. Grad. intensities can get you to
sleep. The upper 2-3 spots of
Trght-econstitute-mainty—to—gia
8 M 37 I1.E. Grad. Upper half of the lights were
more glaring.
9 M 25 Chem. Engg. Upper half was more glaring.
Grad.
Upper half lights have more
10 M 24 I.E. Grad. glare. Appear lights are
placed very high on the road.
11 F 26 Cashier Upper half lights were glaring.
12 F 23 Woxrd Process- Lights in the upper half were
ing : more glaring.
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RESULTS
The ratings of the glare criterion by the subjects for each condition is
listed in the Appendix. The luminance level for each conditions was transformed
into logarithms. For each subject the BCD value was interpolated by computing
the luminance value at the level of "5" in the New North American Glare Scale.
The mean results are shown in Table 4.
The subject's adjusted values of BCD is listed in Appendix. The mean
results are shown in Table 5.
An F-test was performed on the logarithmic values of luminance levels
of subject's rating and subject's adjusted value of BCD independently to
find the speed and luminaire effect. Table & and 7 gives the ANOVA tables.
Tables 8 thru 11 gives the LSD means.
The overall subjects rating for each luminaire system is listed in the
Appendix. Ratings given by each subject were transformed into ranks and
and F-test was performed on the ranks. Table 12 gives the ANOVA table.
Table 13 gives the LSD means {rank mean). Table 14 gives the percentage
annoyance for each speed and type of Tuminaire.
The CBE, Glaremark and the mean subjects rating values and their ranks

are shown in Table 15 and 16.
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TABLE 4:

MEAN BCD VALUES

VAR [ARLT

FAT

RAT

PAT

RAT

LUM=1

LuM=1

LiM=2

LUM=3

LuM=3

LUuM=4

LUM=4

FOR SUBJECTS RATING

MEAN MEAN

(Logarithms) (cd/m2)
SPEED=30 --

3.541606667 3480

SPEED=60 ==

235916667 2286
SPEED=30 --
3.49583333 3132
SPEED=60 --
3.50666667 3211
SPEED=30 --

3. 75000000 5623
SPEED=60 --

3.47500000 2985

SPEED=30 --
3.74166667 5516
SPEED=60 --
3.,53750000 3447

63




TABLE 5: MEAN BCD VALUES FOR SUBJECT'S ADJUSTED BCD

O gl
-== LUM=1] SPEED=2p --
&CD 3.58066667 3808
=== LUM=] SPEED=6) ==
RCD 3.49750000 3144
-—= LUM=2 SPEED=30 --
aCD 3.63775000 4053
-—= LUM=2  SPEED=60 --
BCD 33009418567 2039
e | (=3 SPEED=33 --
BCD 356591667 3681
--= LUM=3 SPEED=60 -~
8CO 2.,40050000 2515
=== LUM=4  SPEED=30 --
8CD 3.78466667 6091
-—= LUM=4  SPEED=60 --

BCD 367225000 4701
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DISCUSSION

The speed effect is found significant in both the F-tests on subjects
rating and subjects adjusted values of BCD (Table 6 and 7 ). The largest
mean BCD values 4228 cd/m? and 4607 cd/m? are for the slower speed of 30 mph
(Table 8 and 9) where as the mean BCD values for the higher speed of 60 mph
are 2948 and 2950 cd/m? (Table 8 and 9)}. This clearly indicates that
higher Tuminance level is required to produce the same degree of discomfort
at a slower speed of 30 mph as compared to 60 mph. These are compatible
with the fact that the percentage annoyance for different types of luminaires
varied from 50% to 90% with 60 mph condition where as the percentage
annoyance for 30 mph condition for different luminaires varied from only
8% to 50% (Table 14). The mean BCD values for each type of luminaire and
speed are tested in Table 4.

The luminaire effect is found significant in the F-test on the subjects
adjusted value of BCD (Table 7). From the LSD means listed in Table 10 and
11 the largest values of BCD 5351 and 4361 cd/m¢ are for the Post Top
luminaire and the smallest BCD values of 2844 cd/m? for Cobrahead and 2875
cd/m?2 for HPS long cut off (Table 10 and 11). The result concludes that
the Post-Top Tuminaire is the most comfortable system. This result is
contradictory to the expectation. It was expected that the Post-Top luminaire
would be the most glaring as the observer sees a bigger area of the source
all the time when near and far compared to the other systems which would
constitute more brightness and in turn more glare. It was expected that the
HPS cut off luminaire would be the most comfortable system as the observer
does not see any area of light when he is far away from the light source, but

as he approaches closer to the source he sees a small area of source which
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gets bigger as he gets closer to the source.

However, in case of Post-Top Tuminaire one side lighting was used.

From the overall rating for each luminaire system listed in Apperdix, it is
seen that most of the subjects rated the Post Top as better than others.

They were of the opinion that one side lighting produced less discomfort
glare as compared to the two sides 1ighting used for the other three systems.
Results of the Parametric Study in Fall 83 at Kansas State University
(Bennett 1983) showed that there is no significant effect between one side
lighting and opposite side Tighting. However, in the Fry simulator (Bennett
1982) the background lighting was independent of the simulated roadway lights.
Therefore the greater background uniformity produced by the two side Tighting
in the real world could not be achieved in the simulator. This area needs
further validation.

Though the F-test on subjects rating and subjects overall rating did not
show any significant luminaire effect (Table 6 and 7) in the pilot study
there is every possibility that significant luminaire effect may show up when
all the 60 subjects are run. Further, the Timitation of the present
simulator is, the intensity variation of the source as a function of viewing
angle is not taken 1into account. There is a possibility that this could
create a major difference between the types of luminaire depending upon
whether the closer lights, the farther Tights and the lights in between
these region cause the discomfort glare. Yet another limitation of the
simulator is that the subject did not get the physical feeling of driving at
night time. Most of the time in real life the motorist does not look at the
closer lights or the far away lights. He concentrates in the region lighted
by the head lights of his car. This in effect would cause the motorist to

look at the lights which are neither far nor too close. Subject's
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opinion was that they were many a times forced to look into the larger

closer lights which constituted lot of glare which in real 1ife they would not
have looked at. Also, in this simulator the effect of head Tights is not
considered. This calls for the design of a three dimensional model of the
simulator to overcome these limitations.

The LSD means for subjects rating, subjects adjusted values of BCD and
subjects overall rating as shown in Table 10, 11 and 13. Though the ranking
of the means of subjects rating and overall rating match, they do not agree
with that of the means of subject's adjusted value of RCD. However, it is
too early to compare them as it is only a pilot study.

The CBE and Glaremark values for each of the systems are listed in Table 15
The Glaremark value for each system was computed using equation (18). For
each system the value of Luminous Intensity at 80% and 90°H and 88%v and
90CH is calibrated from the candle power table (Figures 7 thrul6). The
flashed area of the luminaire and the other values are computed from the
geometry of the road lighting design.

In computing the CBE values it is assumed that the motorist is at the
center of the street. Equation (19)is used to compute the CBE value for each
system. The distance of the ]Qminaire from the motorist, the lateral angle,
the vertical angle and the angle off the line of sight for each luminaire
with respect to the motorist is computed from the geometry of the road
lighting design. The Tuminous intensity of each source with respect to the
observer is then calibrated from the candle power Tables and knowing
the vertical and lateral angle. This value of luminous intensity is then
divided by the area of the luminaire as seen by the observer to get the
Tuminance or brightness of the source. The source size in steradians is

computed by dividing the area of the luminaire as seen by the abserver by
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the square distance of the source from the observer.

Table 16 gives the comparative ranking for each type of luminaire for CBE,
Glaremark, subjects rating, subject adjusted value of BCD and subjects overall
rating. The Glaremark and the three subject appraisal systems consider the
Post-Top Tuminaire as the most comfortable. The subjects overall rating,
the subject's adjusted value of BCD and the glaremark consider HPS long cut-
off as the least comfortable. The subject's rating system considers the
cobrahead as the least comfortable. There is no agreement between the
glaremark and the three subjects appraisal in the mid range. The CBE system
considers the HPS cut-off luminaire as the most comfortable but considers
the cobrahead as the least comfortable. Thus, in general we find that the
correspondence of rankings is poor between the three observers rating and
either CBE and/or Glaremark. The result clearly indicates that the systems
do not agree with each other in their appraoch to the effect of discomfort
glare produced by the light source in roadway lighting.

In the Glaremark system the luminaire characteristics seen at a long
distance is considered to cantrol comfort where as in the CBE system the
luminaire closer to the observer controls comfort. From their approach it
is clear that the two systems will not agree with each other in their
rankings. But, the question arises which is a better predictor of comfort.
On comparing CBE and glaremark with subjects rating it is found that none
of them agree with subjects appraisal. This leads to the next question
whether the closer or the far away lights does constitute to the discomfort
glare as the motorist in real 1ife does not Took at these lights. Now the
question arises as to how the subjects appraisal considers the Post-Top as
the most comfortable system. It is too early to come to this conclusion

after the pilot study. The results need to be seen after running 60 subjects.
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Also, this calls for a detail study of CBE and Glaremark as regards to their

validity in application to prediction of discomfort glare in roadway 1ighting.
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CONCLUSIONS

There is a significant luminaire effect. However, the simulated Post-Top
luminaire is found to be the most comfortable which is contradictory to the
expectation.

The resu]tsshow a significant speed effect and need for further study of
this.

The correspondence of ranking is poor between the observers and either
CBE and/or Glaremark. This calls for further detail study of CBE
and Glaremark system regarding their validity in application of rcadway
Tighting design to predict discomfort glare.

The subjects answers to the question regarding quality of simulation show
that it appealed to the subject as close to the actual night driving
condition.

The simulator can be used for further studies of discomfort glare from
roadway lighting. Also, a need for three dimensional model is seen to overcome

the limitation of the present simulator.
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DISK RPM CALIBRATION CHART

TYPE OF LUMINAIRE

POST TOP

COBRAHEAD

HPS CUT-OFF

HPS LONG CUT-OFF

LUMINANCE CALIBRATION CHART

cd/m2
50,000

20,000
5,000
2,000
1,000

500
200

SPEED MPH

30

60

30

60

30

60

30

60
VOLTS
68.8
57.0
42.5
85.8
32.0
27.5
24.5

DISK RPM

13
27

16
32

13
27

13
27
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TABLE: SUBJECTS RATING 88
LUMINAIRE TYPE: HPS CO (High Pressure Sodium) cut off SPEED: 30 mph
SUB LUMINANCE cd/m?
NUM.{ 200 300 ! 1000 2000 5000 10,000 20,000 50,000
1 2 3 5 4 5 6 7 8
{
2 |3 3 5 5 5 7 9 =
k ]
3 1 2 3 5 6 7 8 9
| |
| 2 2 3 3 P 5 6 ‘
|
|
| 5 1 1 2 3 4 4 5 6
I i
6 1 I 2 3 5 7 9 -
| |
|7 1 1 2 3 4 5 6 8
8 | 2 3 3 3 4 | 5 6 | 7
| | |
‘ |
L9 2 3 3 5 7 8 9 =
; i
10 | 3 4 4 5 6 7 | 8
|11 1 2 3 4 5 6 7
|
l
P12 01 3 5 7 9 - - | . |
- i | |




TABLE:

LUMINAIRE TYPE:

HPS CO (High Pressure Sodium) cut off

SUBJECTS RATING

89

SPEED: 60 mph

| sus LUMINANCE cd/m?
| w200 T 300 | 1000 | 2000 | 5000 | 10.000 | 20.000 | 50.000
|
S S 3 3 4 5 6 7 9
| |
| E
I 5 5 7 9 - . -
{ f
i
I
! |
3 i 2 3 5 6 7 8 9 ‘
@
4 2 2 3, 4 5 5 6 6 E
i
5 1 2 3 4 5 6 7 9
6 1 2 3 5 7 9 - =
|
7 11 2 3 3 4 5 6 8
| !
i |
|
Sll 2 3 4 4 S 6 1 7 ;
9 3 4 5 6 8 9 = -
10 1 2 3!4 5 6 8 9
11 2 2 3 5 6 7 8 9
|
| |
i12*'3 3 5 6 7 9 - - ;
o |




TABLE: SUBJECTS RATING

90

'LUMINAIRE TYPE: HPS LC (High Pressure Sodium) long cut off SPEED: 30 mph

SUB LUMINANCE cd/m?
i NUM.| 200 300 1000 2000 5000 10,000 20,000 50,000

1 3 3 5 5 6 7 8 9

2 11 3 3 5 7 7 9 =

|
|3 1 2 3 4 5 7 8 8 ]
i

4 2 2 3 3 4 | 5 5 7 J
|

5 ¥ 1 2 3 4 5 6 7

6 2 3 4 5 6 8 9 -

7 11 2 2 3 4 5 7

82 3 3 4 5 5 6 7

9 1 2 3 4 5 i 8 9 |
{ |
C10 4 2 LB B 6 7 9 - ]
: - i
: ‘ {+
i
| 11 31 3 4 5 6 7 7 8
9 i
r L =
! f
|12 5 | -7 9 - - - - . ;
i i | : |
i i k i | il




TABLE: SUBJECTS RATING | 91

LUMINAIRE TYPE: HPS LC (High Pressure Sodium) long cut off SPEED: 60 mph

SUB , LUMINANCE cd/m*
t NUM.| 200 300 1000 2000 5000 10,000 20,000 50,000
; 11 3 4 4 5 6 7 8 9
|
i
23 & 5 5 7 9 - 3
i ' :
? - 1
E ! g I
L3 1 2 | 3 5 6 7 3 9
4 2 | 3 3 4 4 4 5 | 6
| | |
i 4 l
5 1 2 3 4 4 5 6 6 7
6 3 4 4 6 7 8 9 .
7Pl 2 3 4 5 6 7 7
i I i
| |
8 | 2 2 3 3 4 [ 5 6 ! 7
| |
9 L 2 30 4 5 | 6 7 9
o . | |
10! 3 1 3 4 5 7 o e | -
| |
L1 1 2 3 4 5 7 | 3
| | |
b : F ?
i i : |
120 3 s 7 7 9 . i _
| i i i
i ; ! !




TABLE: UBJECTS RATING 92
LUMINAIRE TYPE: COBRA HEAD 'SPEED: 30 mph
| SuB LUMINANCE cd/m?
! NGM.| 206 300 | 1000 | 2000 | 5000 | 10,000 20,000 50,000
|
1 2 3| 4 5 7 7 8 9
|
i I
2 1 1 3 3 5 7 9 -
|
L3 1 2 3 4 5 7 8 9
g
]
4 2 3 3 3 4 4 5 6
|
| 5 2 3 4 4 5 6 7 8
6 1 1 3 3 6 8 9 -
7 1 2 3 3 4 5 6 6
|8 2 2 3 4 5 6 7 { 9
L
9 2 2 3 4 6 8 9 -
i
| |
10 1 1 2 3 4 5 7 9
11 1 1 3 3 5 6 7 8
. ?
12 3 5 7 7 7 9 - _
- i




TABLE: SUBJECTS RATING 93
LUMINAIRE TYPE: COBRA HEAD SPEED: 60 mph
SUB LUMINANCE cd/m?
NUM.| 200 300 1000 2000 5000 10,000 20,000 50,000
i’ ' 3 5 6 7 8 9 - -
; &
| 2 1 3 3 5 7 9 - -
! i
|
3 2 3 4 5 7 8 9 -
e |
r
| 4 4 4 4 5 6 6 6 7
5 2 3 4 4 5 6 7 8
6 2 2 3 6 8 9 - -
7 | 1 1 2 3 4 5 6 7
|
’ |
8 3 3 4 4 5 6 7 ! 8
9 3 5 6 7 9 - - -
|
| 10 1 2 3 3 4 5 6 7
|
|
11 3 3 3 4 5 5 6 7
; ,
|
I 12 1 3 3 5 7 9 - -
L -




TABLE: SUBJECTS RATING

94
LUMINAIRE TYPE: POST TOP SPEED: 30 mph
| SuB | LUMINANCE cd/m?
| NUM.! 200 300 1000 2000 5000 10,000 20,000 50,000
|
I 1 2 2 3 4 5 6 7 8
5
; 2 1 1 3 3 5 7 9 -
i3 1 ' 2 3 4 5 7 9
|
? 4 2 2 2 3 4 4 4 5
%
}
5 i 2 3 3 4 4 5 6
6 1 | 3 5 9 8 9 -
|
7 1 i 2 2 3 4 E 5 6 |
i |
3 3 3 4 4 6 7 7 8
L
9 3 3 4 5 6 8 9 “
' r
10 1 1 2 3 4 5 6 7
)11 2 2 3 5 5 7 9 .
i
| 12 1 1 5 6 7 7 9 -
; | !




TABLE: SUBJECTS RATING 95

LUMINAIRE TYPE: POST TOP SPEED: 60 mph
SUB LUMINANCE cd/m?
NUM.{ 200 | 300 1000 2000 5000 10,000 20,000 50,000
1 3 4 5 6 7 8 8 9
21 3 3 5 5 7 9 -
i‘ i
1[ |
3 g 2 3 3 4 5 5 6 8
i:
4 3 3 3 5 6 6 7 7
i
5 1 1 3 3 4 5 6 7
6 2 3 4 5 8 9 % =
|
i 1 1 7 3 4 5 6 7
8 1 2 3 4 5 7 8 8
9 3 3 4 5 7 8 9 -
10 1 2 3 4 5 6 7 8
11 2 2 3 5 5 7 9 | -
f
|
12 1 3 4 5 ¥ 9 - | -
;
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TABLE SUBJECTS ADJUSTED LUMINANCE LEVEL FOR BCD
LUMINAIRE TYPE: COBRA HEAD
SUB | SPEED 30 mph SPEED 60 mph
AVG AVG
NUM | VOLTS |VOLTS | VOLTS | LUMINANCE |VOLTS |VOLTS | VOLTS |LUMINANCE
r rz  |ritry cd/m? rs ry  [ratruo|  cd/m?
1 27 | 23 25 250 24 | 25.5 | 24.75 225
2 | 37.5 | 42.5 40 3880 37 | 37 37 2360
3 45 | 48.5 | 46.75 8540 a6 | 46 46 7920
4 | 44.5 | 47.5 46 7920 | 39.5 | 39 | 39.25 3545
5 63 | 62.5 | 62.75 | 21,395 | 56.5 | 61.5 59 | 24,905
6 39 | 38| 38.5 3345 | 36.5 | 35.5 36 2090
7 415 | 40 | 40.75 4220 | 41.5 | 44.5 43 5420
8 | 43.5| 41.5 | 42.5 5000 44 | 42.5 | 43.25 5625
9 32 | 29.5 | 30.75 860 24 | 26.5 | 25.25 275
10 39| 35 37 2540 38 | 37.5 | 20.25 2760
11 | 53.5| 56.5 55 | 17,650 | 51.5 | 54.5 53| 15.295
12 | 35.5| 39| 37.25 2650 39 | 39 39 3435




97

TABLE SUBJECTS ADJUSTED LUMINANCE LEVEL FOR BCD

LUMINAIRE TYPE: HPSLC

SUB SPEED 30 mph SPEED 60 mph

AVG AVG
NUM VOLTS | VOLTS | VOLTS LUMINANCE | VOLTS | VOLTS | VOLTS |LUMINANCE
r r2 ri¥ra 2 cd/m2 rs Fu | ratry 2 2

') 28 255 26.75 425 23.5 25 | 24.25 200
- 38 33 35.5 1920 28 28 28 585
3 39 41 40 3880 52 46 49 | 13,825
4 52 52 52 14120 48 50 49 1 13,825
5 64 62 63 21.060 56 55 55.5 | 18,240
6 42 46.5 44,25 6460 30.5 | 28.5 29.5 725
7 {45.5 47.5 46.5 8335 46.5 44 | 24.25 200
8 47 47 47 8750 42 43 42.5 5000
9 26 26 25.5 300 20.5 24 | 22.25 100
10 | 47.5 45.5 46.5 8335 40 | 38.5 | 39.25 3545
11 | 47.5 46 46 8540 54,5 52.5 53.5 9170
12 35 37 37 2090 39| 41.5 | 40.25 5710
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TABLE SUBJECTS ADJUSTED LUMINANCE LEVEL FOR BCD
LUMINAIRE TYPE: HPS CO
SUB SPEED 30 mph SPEED 60 mph
AVG AVG
NUM VOLTS [VOLTS { VOLTS LUMINANCE |VOLTS JVOLTS | VOLTS |LUMINANCE
r ra | T1try cd/m?2 rs ry  |rs*rusz|  cd/m?
1 25.9 | 27.5 | 26.b 400 25 255 | 25.25 275
2 32 31 | 31.5 944 26 26 26 350
3 53 | 45.5 | 50.25 12,050 43 43 43 5415
4 57.5 52 | 54.75 17,350 45 41 43 5415
5 54.5 49‘ 51.75 13,825 55.5 | 52.5 54 16470
6 40.5 36 | 38.25 3095 33 | 32.6 | 32.75 1195
7 38 | 40.5 | 39.25 3545 37.5 | 44.5 41 4330
8 53 52 | 52.5 14,705 47 46 | 46.5 8330
9 28 28 28 555 24,5 | 25.5 | 25.5 250
10 43.5 | 43.5 | 43.5 3835 45 | 43.5 | 44.25 6460
11 52.5 53 | 52.75 15,000 53 50 | 51.5 13530
12 30 29 | 19.5 725 31.5 36 | 33.75 1460
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TABLE SUBJECTS ADJUSTED LUMINANCE LEVEL FOR BCD
LUMINAIRE TYPE: POST TOP
SUB SPEED 30 mph SPEED 60 _mph
AVG AVG
NUM | VOLTS [VOLTS | VOLTS | LUMINANCE |VOLTS |VOLTS | VOLTS | LUMINANCE
ry rs Pi#ra 2 cd/m?2 rs Py [F3*Tu 2| cd/m?
1 |32.5 |29.5 31 890 26 26 26 350
2 27 | 29.5 | 28.25 585 291 30.5|29.75 | 750
3 51 | 48.5 | 49.75 21,470 40.5 50 | 45.23 7292
4 64 53 | 58.5 11,765 42 | 46.5 | 44.25 6460
5 70 72 71 | 48.990 67! 69 68 | 46,975
6 50 48 49 13,825 42| 50 46 7920
7 51 | 45.5 | 27.75 530 42| 50 46 7920
8 | 50.5 | 50.5 | 50.5 12,350 47| 52.5 | 49.75 | 11,470
9 57 47 52 | 14,120 49| 48 | 48.5 10,000
10 28 29 | 28.5 6110 26| 24 25 250
11 55 53 54 16,470 54| 51.5 |52.75 15,000
12 | 38.5 39 | 38.75 3320 49| 42 |45.5 7500




TABLE: SUBJECTS OVERALL RATING 100

LUMINAIRE TYPE

SUB COBRA POST

NUM HEAD TOP HPS L C HPS C O
1 8 2 6 4
2 6 8 4 2
3 8 4 2 6
4 6 6 6 6
5 7 7 7 7
6 7 9 6 8
7 8 6 5 4
8 5 7 7 8
9 7 9 7 7
10 5 8 6 8
11 5 6 4 5
12 9 10 10 10
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QOPERATING PROCEDURE

L.

w o

10.

11.

12.
13.
14.

After the observer has seated himself in the car as explained in the
instruction sheet (Figure 27) cover the window of the car with the
black cloth.

Slide the appropriate marked sectors in the two slots with the black
painted side facing the observer.

Cover the entire simulator. Make sure that the observer does not see
any outside light,

Turn the dash 1ights on.

Adjust the background luminance depending upon the type of luminaire.
Make sure that the drive gear of the motor is disengaged.

Keep the heat resistant shield in open position (Figure 28).

Keep the luminaire in open position as shown in Figure 23.

Now hold the rear disk marked "R" for the particular type of luminaire
and locate it on the two pins projecting on the hub (Figure 28). Having
located, now rotate the disk so that the yellow mark on the disk is in
line with the yellow mark on the top of the plywood.

Now take the front disk marked "F" for the particular type of luminaire
and mount it on the shaft. Rotate the disk so that the yellow mark on
the front disk is in line with the yellow mark of the rear disk and the
plywood.

S1ide the hub and make sure that the two pins on the hub are located

in the two holes of the front disk.

Make sure that the chain is light.

Now engage the motor gear.

Make sure that the heat resistant shield is in closed position covering

the upper part of the disk facing the luminaire as shown in Figure 24.



FIGURE 28:

DISK MOUNTING PROCEDURE
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15. Locate the lighting fixture in position (Figure 19).
16. Make sure that the cooling system is turned on.
17. Adjust the transformer to control the speed of the disk.
18. Luminance adjustment.

a. External Adjustment: Make sure that the switch for external

adjustment is turned on. Turn the transformer and voltmeter
switch on. Now you can adjust the luminance levels as per the
scale posted on the transformer.

b. Adjustment by Subjects: Make sure that the switch for adjustment

by the subject is turned on. Ask the subject to turn the trans-
former switch on. Now, with the help of the handle provided on
the transformer the subject can adjust the Tuminance level as
explained in the instruction sheet (Figure 27).
19. Once the experiment is completed make sure that all the switches except
the one for the cooling system is turned off,
20. Wait for 2 to 3 minutes and turn off the cooling system.
21. Once again check and make sure that a11>the switches are turned off.
22. Make sure that the disks are placed back in the rack as shown in
Figure 29. |

23. Repeat the above procedures when you start the experiment.

FRECAUTIONS T0O BE TAXKEN

1. Make sure that the cooling system is turned on and the disks are rotating
before turning the 1ight source on.

2 If by any chance the disks stop rotating or the cooling system fails
immediately turn off the 1ight source.

3. Do not turn the transformer knob controlling the speed of the disk

above 20 volts.



FIGURE 29: PROTECTIVE RACK FOR THE DISKS
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MAINTENANCE

Grease the hubs with the help of the grease gun once in three weeks if
in use.

011 the mounting system and drive system once in three weeks if in use.
Make sure that the photonegatives and the felt pieces are firmly glued
to the disks. If they loosen use contact cement to glue them to the

disk.
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ABSTRACT

A simulator was fabricated and it gave the same sensation to the
observer as experienced in night time driving. The salient features of the
simulator include the observer position, the disk system, the luminaire
system, the drive and the mounting system, cooling system and the control
panel,

Having fabricated the simulator a pilot study was conducted to find the
speed effect, the Tuminaire effect and to validate the predictive systems
namely glaremark and CBE (Cumulative Brightness Evaluation) on comparison
to the subjects appraisal. Twelve subjects were employed in the experiment
who performed the visual task of night driving. Four types of luminaire
Post-Top, HPS (High Pressure Sodium) cut-off, HPS Long cut-off and Cobrahead,
two speeds 30 mph and 60 mph and eight luminaire levels, 200, 300, 1000,
2000, 5000, 10,000, 20,000, 50,000 cd/m? were used in this experiment. The
glaremark and the CBE values were calculated for each Tuminaire and compared
to the subjects rating.

Results showed a significant speed effect. The high BCD (Border line
between comfort and discomfort) value for the slower speed of 30 mph showed
that a higher luminance level was required for the slower speed to produce
the same degree of discomfort as produced at a faster speed of 60 mph. The
luminaire effect was found significant. The Post Top luminaire was found
to be the most comfortable which was contradictory to the expectations.

The poor ranking between the subjects rating and either Glaremark and/or
CRE showed that the systems do not agree with each other as regards the

nrediction of discomfort glare in roadway lighting.



