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ABSTRACT

" -

A goniophotometar has been developed for use in measuring the diffusion char—
acteristica of rear projection screen materials, Rear projection screens provide a
wide range of possible diffusion characteristics. Similarly, different applications
require different characteristics, The goniophotometer will facilitate the selection
of screens most suitable for a particular application. Primary components of the
device include a light tight chassis, & light source mounted on an arm which can be
rotated ¥ 600, a holder for acreen specimens, a specifically designed photometer,
and two interior ambient light panels and associated interior foot candle meters.
Schematics, wiring diagrams, and drawings necessary for the fabrication of additional
units are included.
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SECTION I
INTRODUCTION

The rear projection soreen has proved to be one of the most popular and useful
devices in modern wvisual presentation systems., However, there is very little quan—~
titative diffusion data available describing the rear projection screen materials,

As with other elements of & projeotion system, such as lamps, lenses, and projectors,
additional engineering dsta are needed to write definitive specifications of a new
projection systesm. This lack of performanos specifications, especially for rear
projJection soreen materials, poses a spscial problem in the design and development
of new projection systems.

Rear projeotion screens provide a wide range of posaible diffusion characteris—
tics. BSimilarly, different applications require different characteristics., Thus,
if it is posaible to develop precimss deacriptions of the diffusion characteristios
of different types of soreens, it will be easier to choose the screen most suitable
for a partiocular applioation. The goniophotometer was developed to measure the
diffusion charecteristios of different types of rear projection screens and thereby
facilitate the epecification of screens most suitable for particular applications,

SECTION II
OENERAL TESCRIPTION OF THE GONIOPHOTOMETER

The goniophotometer, figure 1, consists of a baffled, light—tight chasais,
183 by 122 by 50 cm (72 by 48 by 19-1/2 inches), a film sirip projestor as a light
source, & holder for the soreen specimens, a specially designed photometer, an amm
vhich can be turned * 60 degrees on which the projector is mounted, and iwo ambient
light panels., One of the unusual characteristiocs of this goniophotometer ie that
the light scurce is enclosed in a light—tight chassis to control the ambient light
falling on the back of the screen, Another umusual charecteristic is that the
light source, rather than the sensing head, is rotated. This provides for precise
ocontrol and meohanical stability. In a prectical situation, bend angle is a compos=
ite of projection angle and viewing angle and varies from point to point on the
screen, In the laboratory, this is usually simplified., Systems rotating the sensing
head approximate a situation in which the viewer observes the canter of the soreen
from different angles; i.e., the projection angle is held normal while the viewing
angle is varied. Rotating the light source, as is done here, approximates a viewer
seated in front of a screen observing different points on the soreen, i.e., the
viewing angle is held normal while the projection angle is varied. In both situa-—
tions, projecting onto the coated side of the soreen minimizes specular reflection
as a factor. One of the early inveatigations plamned using the goniophotometer is
the study of the comparability of the two methods of measurement. How does the
light loss resulting from a 30—dsgres projection angle compare to the lose resulting
fromn a 30—degree viewing angle and various combinations of 15-degres projection
angles and 15-degree viewlng angles?

The 6.35 by 10.15 om (2-1/2 by 4 inch) screen specimen im inserted in a holder,

2, mounted at the center front of the chassis, The photometer is mounted
2,85 om 11-1/8 jnchee) away from the screen specimen outside the chassis, For
normal testing the photometer remains stationary, but provisions have been made for
moving the photometer laterally aoross the soreen. The projector is rotated on a
radius of 69.85 om (27=1/2 inches) to establish the bend angles, figure 3. This



is accomplished by a rigid aluminum arm that is pivoted on the test sample plane.
In this way, the light beam from the source, although rotated through various bend
angles, remains centered on the same point of the test screen specimen,

For studies requiring ambient light behind the screen, light sources and light
sensors are included within the chassis. The a.c. voltage to the system is
stabilized by employing a constant voltage transformer.

Figure 1, Front View of Goniophotometer



Figure 2,
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Closeup View of
Photometer Photohead
B) Screen Specimen
C) Light Source Control Handle
D) Protractor

(As shown, A has been moved to left
to provide access to B,)
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Figure 3., Top View of Gonlophotometer Showing Range of Projector Movement

SECTION III
PHOTOMETER

The photometer is a special purpose light meter designed and tuilt by the
University of Dayton Research Institute for use in this gonicphotometer system. The
unit is designed for stable operation while reading a brightness range of 1.2 to
3600 foot lamberts.

The photometer is composed of two subunits, a photohead, and a power supply.
The photohead, fig. 2, contains & 929 photo tube as the light sensing device and a
960 cps rotating~wheel light chopper. This light chopper produces an a.c. output
signal whose magnitude is proportional to the light input. This feature makes the
system immume to many of the stray light lsakege and electriosl drift problems of
8 d.c. system. In addition, the photohead contains a Wratten 106 filter in the
optical system which, in conjunction with the S—4 response of the 929 pheoto tube,
Yielda an overall spectral response that olosely approximates that of the average

human sye.



The power supply ochassis, figure 4, contains the photo tube voltage supply and
output signal amplifier as well as the system controls and indicators. The photo—
head and power supply are electrically comnected by means of two shielded cables, one
supplying power for the light chopper and the other for the photo tube,

ADJUSKY

PHOTO TUBE
2 .

Figure 4. Photometer Power Supply

The control panel on the power supply chassis contains the output meter, two
toggle switches, one nine-range rotary switch, an indicator light, and one potentio—
meter knob. The output meter is calibrated for relative magnitudes of O to 100
(or 0 to 30 using the top scale) using the rotary switch sensitivity setting which
most nearly corresponds to the existing brightness level. The ranges are divided
into a 1-3-10 arrangement to allow the use of the more acourate arems of the indicat-
ing meter., The sensitivity settings and maximum measurable brightness levels are
listed in table I, Detailed operating instruoctions and a correction table to
normalize data obtained from different sensitivity settings are given in appendix I.
The meter does not read in absolute units, but rather in terms of relative ratios.



TARLE I. Sensitivity Setting vs Maxipum Measurable Brightness

Sepmitivity Seifing  Magimum Brightness (Ft Lapberts)

0.3 3600.0
1.0 1200.0
3.0 360,0
10,0 120.,0
30.0 36.0
100.0 12,0
300.0 3.6
1000,0 1.2

The FULI~SCALE ADJUST control is adjusted to allow a setting of 100 per cent
for any light level. This affords normalized data and the direct reading of the
percentage of pesk of on-exis brightness available st any apecified bend argle.

The mechanics of the light aperture in the photometer provides a 36-degree
view angle. The photometer is mounted 2.85 om (1-1/8 inches) from the screen
specimen. This results in the photometer receiving light from a screen area
approximately 1,9 cm (3/4 inch) in diemeter,

SECTION 1V
SPECIMEN ILIUMINATION SOURCE

The specimen illumination source is a film etrip projector enclosed in & housing
t0 control stray light from the projection tulb. This projector uses a CAR 150 watt
true focug bulb with an internal reflector, a 3—inoch £/3.0 lens, and includes remote
control of film advance. 4 Oraflex "Compact" projector wae selected, since it is
small yet gives a satisfactory light distribution. Any other projector with these
characteristics, particularly the uniform light distritution, could be used in this
goniophotometer,

As shown in figure 3, the projector is mounted on an arm which rotates to give
bend angles up to %60 degrees. Figure 2 shows the control handle and protractor
used to set the projector at the desired bend angle. Using this photometer and
projector setup, the quantity of light passing through the center of the soreen can
be measured for various bend angles. The photometer can be moved laterally across
the screen to facilitate measurement of contrast ratio within a projected image.

Te distance from the center of the projector lens to the screen is 69.85 cm
(27-1/ 2 inches). For this distance the projected image is approximately 19 by
25.4 em (7-1/2 bty 10 inches). Since the test screen is 10.16 by 6.35 om (4 by 2-1/2
inches) only the central unmiformly illuminated position is utilized. The rotating
arm is pivoted within 0,32 om (1/8 inch) of the plane of the screen. Thus, the
light beam from the source, although rotated through varicus bend angles, remains
centered on the same point of the test screen spscimen.



SECTICR Vv
COSINE LAW APPLIED TQ INCIDENT ILLUMINATION

When screen specimens are tested at different bend angles, there are two reasons
for the change in light trensmission. The first is due to the diffusion charecteris—
tics of the screen, while the mecond is caused by the variation in screen illumina-
$ion due to the change in ineident angle of the light beam. The firat one is the
only one of interest in determining screen specifications. The second one is due to
the geometry of the system and is independent of the type of screen used.

With reference to this second or gecmetric characteristic, when a beam of light
is perpendicular to & surface, the area illuminated is minimal and, hence, the
illumination on any point is maximal., 4s shown in figure 5, the length of the
projected image, and thus the area inoreases depending on the angle of incidence.
This increase in area causes a decrease in jllumination at any given point. Thus,
ginoce gain is defined as light output divided by light input, if the input to the
screen is incorrectly assumed to be constant for different incident angles, the
computed values of gain will be in error. This geometric variation in illumination
can be corrected using lambertts Cosine Law which states that the jillumination on a
surface is decreased in proportion to the cosine of the angle of incldence.

Figure 5. Projected Image
Width for Light Beam Normal
to the Surface (4) and for an
unknown Incident Angle (B).




This variation in illuminstion is most significant for wide angle, low gain,
screens, Figure 6 is a plot of data from a wide angle screen showing the data both
before and after the cosine correction has been applied. The cosine correction is
almost insignifiocant for high gain screens because of the small angles involved.
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Pigure 6, Sample Curve With and Without Cosine Correction

SECTION VI
AMBIENT LIGRT SOURCE

Some of the studies to be conduoted with the gonlophotometer in the evaluation
of rear projection soreens will require various amcunts of light behind the screen,
These studies will be related to the amount and location of stray light within
enclosed systems, such as, individual study stations, the more oomplex group presenta=
tion systems where the projection systems are located in separate rooms, and to
systems in whioh the projeotion ares cannot be completely enclosed for light control.

For this reason two ambient light mources were included within the chasmsis,
Bach source consista of 15 light tmlbs arrenged in three banks of five as indicated
in figure 7. A4 shield keeps the light from falling directly on the test sereen and
thus only scattered or highly diffuse light falls on the back of the test soreen.



Figure 7. Ambient Light Source (Switches number 1 and 4 are
closed).



The system was designed to be capable of simulating a wide variety of ambient
light levels behind the rear projection screens. Thus, the ambient light level
produced by ths two light sources wes designed to be changeable in the following

wayst

(1) The light sources are wired using a binary system. Using
different combinations of the four awitches any number of
lights from one to fiftesn can be illuminated in each light
gource. They have been arranged in the oxrder showm in
figure 8 to give a uniform ambient light distribution even
when the mumber of lights is varied.

— 6.4 CM —"r'—— 54CM

HUBBELL 350715
PORCELAIN SOCKET
(15 EACH)

"

6.4CM

64CM

38CM

010101010
OO0~
10101010

254 CM

Pigure 8. Light Bank Spacing and Order of
Tllumination (the socket number
indicates the switch which

oontrols the lamp).
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(2) The input voltage to the light scurces can be changed
by means of a variable autotransformer to increass or
decreass the lamp illumination.

(3) The inside surface of the chassis is black and thus
reflecis very lititle light., Refleoting surfaces can
be inserted on the back and sides to reflect more

light,
(4) The type of lamps can be changed to increase or decreass
the total illumination,

Two Gosasen foot—~candle meters are included in the chassis to measure the level
of interior ambient light. One is placed above the screen. The second is on the
back wall, slightly off center.

The ambient light sources are wired on a separate cirocuit from the remainder
of the goniophotometer for the ose of obtaining a better voltage regulation,
(See figure 11 in Appendix m.?

A small exhaust fan provides ciroulation to remove the heat from the projector
and the ambient light sources.

11
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APPENDIX I
PHOTOMETER OPERATING INSTRUCTICNS

An amber light is ocomnected to the main ON~OFF switch and indicates that the
power im ON. The CHOPPER switoh controls the light chopper in the photohead. The
FULL~SCALE ADJUST ocontrol im a potentiometer whioch allows a setting of 100 per cent
for any light level. The nine—position selector switch labeled PHCTO TUBE SENSITIVITY
is essentially a sensitivity range selecting switch.

To successfully operate the photometer, follow the ten steps listed below:

1.
2
3.
4.

S5e
6.

Te

8,

2.

10.

All switches on OFF.

FULL-SCALE ADJUST and PHOTO TUBE SENSITIVITY knobs at full counterclookwise.
Plug into 115v, 60-oycle outlet.,

Power switch ON.

NOTBs Allow 15 minutes to warm up if oritical measursments are reguireds
otherwise, allow 30 seconds.

Chopper switch ON. Allow 5 seconds for speed to stabiligze.

Insert the test soreen specimen in the specimen holder. Place photohead in
position to measure light aperture directly in front of center of screen
gpecimen. Adjust the light source to the 90-degree position sco the full~
scale lighting conditions exiet.

Slowly rotate the PHOTO TUBE SENSITIVITY awitoh through increasing ranges
until & meter reading greater than 30 (0 — 100 scale) is obtained. If the
meter reading excveeds 100, back up until reading is between 30 and 10C,

Calibrate the meter by turning the FULL-SCALE AIVUST knob in a olockwise
direction until the meter reads exactly 100.

The instrument is now adjusted for the base line conditions (soreen and
light source at normal angle equals 100%).

CAUTION: To avoid a change in oalibration, do not change the FULL-SCALRE
ADJUST knob poeition until ready to recalibtrate for the next
scresen specimen.

Perform the experiment as requiredj each meter reading represents a
percentage of the base line value. If the meter drops below a reading
of 30 or exceeds 100, change the PHOPO TUEE SENSITIVITY switoh one mtep.
Table II contains & listing of the correction factors for the eight
reading ranges of the PHOTO TUBE SENSITIVITY switoh. All meter readings
are taken from the 0 — 100 scale., The O — 30 mcale is used for
approximations only.

13



TABLE II. Correction Table to Normalize Detsa Obtained from
Different PHOTO TUBE SENSITIVITY Settings

100% Sensitivity Setting

1000 300 100 30 10 3 1 0.3
1000 1.00 0,30 0,10 0,030 0,01 0.0030 0,001 0.0003
‘E 300 3,33 1.00 0.33 0,10 0.033 0,01 0,0033 0,001
‘E 100 10,0 3,00 1,00 0,30 0,10 0.030 0.01  0,0030
:E 30 33.3 10,0 3.33 1..00 0.33 0.10 0.033 0.01
"g 10 100 30.0 10,0 3,00 1.00 0,30 0.10  0.030
@ 3 333 100 33,3 10,0 3.33  1.00 0.33  0.10
:g 1 1000 300 100 30,0 10,0 3,00 1.00  0.30
& 0.3 3333 1000 333 100 33.3  10.0 3433 1,00

Table II ie used to normalize data that are obbtained from different range
settings during & given experiment. The table is used in the following manner:

(1) Enter the table by going to the column that is headed
by the sensitivity setting for which the original 100%
calibration point was established.

(2) Go down that column to the row that is labeled by the
sensitivity setting in effeot when the reading was
taken, This locatea the correction factor.

(3) Multiply the instrument reading { O -~ 100 scale) by
the correction faotor obtained in step 2. This corrected
reading represents the per cent of light present
relative to the original 100 per cent level.

A representetive data sheet ie presented below to provide an example of the use
of Table IT. In the illustration, calibrating the device by setting the normal axis
reading to 100% required the use of sensitivity setting 1.0, As the light source
wgrotated to -35 degrees, it was necessary to increase the menseitivity to a setting
of 10. Further rotation required a further change to 30, At this level, & final
reading of 43 was obtained, Entering Table IT in the columm labeled 3 and going dowm
to the row labeled 30 indicates a correction factor of 0,10, Thus, the reading
represents & light level that ie 0.10 X 43 or 4.3% of the original reference level,
Carrying the example further, the cosine correction for this angle {60 aegrees) im
2,000, The corrected light level at a 60—degree bend angle for this screen specimen
is 8.6% of that obtained on the normal axis. It wlll be noted that a similar value
was also obtained at 60-degree rotation in the opposite direotion,

14
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AFPENDIX II

TETAILED SKETCHES OF GONICPHOTOMETER
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APPENDIX III

SCHEMATICS OF THE PHOTCMETER AND GONICPHOTCMETER
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