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Abstract: Surface reflections affect the appearance of images in a variety of ways, 
depending on viewing conditions and the types of media used. 

Light projected to the eye from surface reflections does not carry information about 
the image; therefore, the reflections can be regarded as noise which interferes with the 
interpretation of the image. 

Different media are characterized in part by surface reflection properties. Ink on 
paper, for example, provides a complete range of surface properties from glossy to mat. Since 
it must be viewed by reflected light, as it becomes less glossy there is a desirable decrease 
in sensitivity to viewing angle at the cost of a loss of image contrast. A CRT surface is rarely 
flat and never completely mat; therefore. it will allow directional reflections to interfere with 
the viewed image. Internal reflections and light reflected from the surround will also produce 
noise. 

Such surface properties combine with other factors to affect significantly the appear­
ance of images. To enable the images to be directly compared, conditions affecting visible 
surface properties must be controlled. Some simple models of surface interaction with light 
are presented here to help in understanding their causes, their effects on the image, and how 
to control them. 

Viewing of images involves several elements and an infinite set of conditions. Three 
elements necessary in all viewing situations are: illumination, imaging media distributed in 
two dimensions on a carrier, and the observer. Some conditions of each element are included 
among definable models. 

This discussion is arranged first by media, then by applicable illumination conditions, 
then by viewing at the best and worst angles in light and in dark surround. Final sections 
include typical conditions and measures for control of image appearance. 

* Retired from Hunterlab, Inc., Reston, VA 22090. 
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INTRODUCTION 

Following the development of computer generated interactive displays in prepress 
preparation for color image printing, the immediate need arose to compare the printed result 
with the image composed on the CRT. This is one imponant example of a need for direct 
comparison of images presented for observation by media differing in almost every respect. 
Highly significant in the difficulties arising from attempts to make critical comparisons of 
this type are the surface characteristics of the media and their interactions not only with the 
light which is so necessary to view the image, but also with light from the surrounding area. 

Surface reflections are present in all media. They are characterized by two salient 
features: by direction with respect to the incident light onto the plane of !he imaging medium, 
and by the relatively uniform performance regarding wavelength. 

Directionality- Where the plane of the medium from a micron scale on up can be 
defined, as with a flat. glass-like surface, and where light impinges onto !he surface 
predominantly from one direction, directionality is a strong factor in image appearance. 
Conversely, in cases where the surface is mat or the illumination is diffuse or from a broad 
area, directionality effects can be nearly absent. 

A print having half of its surface with a mat finish and the other half somewhat glossy 
illustrates these effects. Figure I shows how bright reflections from a glossy surface are 
softened by the mat finish. In a more subtle illustration (Figure 2), the mat half (bottom) of 
the same print shows no reflection of the sidepanel (right) having a black/white boundary 
visible in the glossy surface. Even identical images as with two prints side by side can be 
affected by slightly different viewing angles and appear different. Figure 3 illustrates a single 
mat black print having a line image of glossy varnish overprinted. A simple change in lighting 
angle reverses the in1age sign. 

A video display exhibits similar effects. Figure 4 shows the very commonly seen 
reflection of a room light in the surface of the screen. This can completely obscure pait of 
tile image. lt is hard to avoid because of the curved, glossy surface frequently used on CRTs. 
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riG. I 
GLOSSY AND MAT FIN ISHES 

FIG . ~ 

NOISE IN PRINT 
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FIG 3 
GLOSSY l INF 0 1--l l'v\A T Rf Af K 

FIG. 3 
GLOSSY LINE ON MAT BLACK 

F144 
t--1'/l<;,t: 11-.1 n?T 

FIG. 4 
NOISE IN CRT 
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A transparent film having clear and matlini~hes placed in front of the screen in Figure 
5 illustrates that a mat lin ish would reduce l11e severity of the surface reflections as with a 
print. 

FIG. 5 
NOISE IN CRT 

Spectral Dilution-As is often true in life. efforts to reduce interfering renections by 
usc of diffuse sources or matsurfaees result in an increase in the contrast- leveling effects of 
the surface reflections. When viewing color image!., surface reflections project some light 
to the eye without wavelength modification. and thereby alter the relative w;1vckngth 
intensity mixtur<.- from that due to pigment nnd carrier alone. When the illuminant is white, 
as i~ usually the ca;,e.thi$ effect tends to reduce saturation and increase lightne~!. in perceived 
image culor. In viewing monochrome images. the ~amc effect<; reduce the 1magc contrast. 
Different surface properties can produce signilic;mt alteration:- in the appc;1rance of other­
wise ~ im 1 lur images. The examples of a print shown in Figures I and 2 illu~trate the lo~s of 
con traM and color saturation in the mat area:- and in the area reflecting a large bnght ~urfacc. 
These losses may be inherent in the conditions u~ed for viewing the print. In Figures ..t and 
5. the CRT image ~uffcrs similarly from incidental room lighting. 

Modeling- The important effects can be bolatcd and individually mudclcd to aid in 
understanding and controll ing them. The models usually illustrate the extreme conditions of 
the effect. ln the real world. all of the effects interplay simultaneously to varying degrees anti 
very rarely operate at the extremes. 

In this dt<:cussion, seven condition~ arc modeled. labeled A through G. A thmugh D 
describe prims viewed by re11ected light. E and F' describe tran~parcncics viewed by 
transmiued light. and G modch.condit10ns pertaining to viewing of video monitors. Varying 
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condill(llls o! ilhu111nauon. surfac..: fini!>h<.:s and cff..'!ct~ of lighting in the ~umJUndsng mom 
arc illu~tratcd. 

Theor )' of Light Interaction with a Surface 

Rcllec.:tion- ln F1gurc 6. the Interaction of a pencil of light ray!> at a \Urfuce i' 
diagramed. At the liN surface.th..: lighttypkally em:ounters a non-metallic micro,copicall) 
I hrn tr:m~parem medium with a higher index or refraction than air. A portion of the hglu b 
rellected at the ~urracc as pr.::dictcd by the Presncl eqmuinns which dcp.:nds on th..: index of 
th..: t\\O media and the ~1ng l..: of incidenc..:. The rcllcctcd light~~ pnlari1.cd to a degree al!>o 
determined by the ungle of incidem:c. Since the index nf rdr.tction b ~lightly dependent on 
wavelength. there is a .;mall variation m the ratio of tr:msmittcd t(> reflected light acms~ the 
-;pectmm, but ynu will note thntthere i~ no innuenc..: on tlHtt ratio by the image pigmentation. 

FIG. n 
SURI-ACE REFLECTION 

Th..: light entering the medium is refracted in accordance with Snell'' Law anJ 
l'llC.:\lUniCI'!oo the embedded p<!rtkles of pigment. Usunll) the rerracthe indo.:>. or the pigment 
pan1dc~ and the medium arc clO\C in value and lillie surfac.:c rdkction talo.e~ plac~· at that 
interface. Ligh1 passwg through the 1111.. lllm then reaches the gramllancxturc oft he sub.,trah.:. 
The irregular 'hapc anc.l small ~i1.c of thl' parti<:b. in the medium cau~..:~ light to b(' scattered 
mall dm::ctwn ... most of 11 going bach through the inh lilm. "J he pigment partic.:ks ahsorb 
\elected wavdength' of light cncoumenng them, so the o,caucrcd light is spectrally modu­
lated b) the chanu.:t..:ril>tic' of the pigment. II i~ thi!> optical propcrt) that pigment 
manulacturer' wort.. \(l hard to uchiC\'C whill· matnlaining thl! other rhY\IL'al propcnies 
nc.:dcd ror inl..s <lr paint~ to perfom1. 
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The light thus scattered by the substrate and modulated by the pigment passes outward 
toward the surface in aU directions. Most passes through and becomes the diffusely reflected 
light that carries the information content of the image. Some is returned by surface reflection 
and internal refraction to add to the incoming light, only to be recycled. 

Gloss- The surface reflection from a smooth surface is called the specular reflection 
and its appearance imparts the surface quality referred to as gloss. The visual classification, 
scaling and measurement of gloss is a field of its own. The reader is referred to the listed 
references for more information on the subject of gloss. For the purpose of this paper, the term 
is used to designate an optically smooth surface having a high degree of specular reflectance, 
such as polished glass. Gloss measurements at specific angles to the surface normal are used 
to classify materials and finishes in a wide variety of applications (Figure 7.) 

The term mat (or matte) is used here to denote an optically rough surface in which no 
increase in reflectancels measured at the angle to the normal equal and opposite to that of the 
source. Such a surface would have no gloss-for example, ground glass.The surface 
roughness would be sufficiently small in mean dimension to cause no visible degradation of 
the spatial detail of the image. 

Light Distribution from Different Surfaces-Figures 8, 9, and 10 are rough illustra­
tions of light distribution from different types of surfaces. The relative magnitude of these 
diffuse and directional components is critical to the appearance of images. Figures II & 12 
review the proportions of the incident light distributed in different ways by the image and its 
medium. 
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FIG. R 
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About 4% of the incident light is reflected at the surface of typical materials having 
an index of refraction around 1.5. ln Figure 11, of 100% of the incident light impinging onto 
a white glossy print medium from a confined source which subtends, say, 20 degrees, about 
4% is reflected at the mirror angle into an equivalent cone angle. Of the scattered light which 
is returned through the surface in all directions, less than 2% will be collected in a 20 degree 
solid angle. 

RE:LATIV( Dl STR\6\JTION 01=" LI~WT 
DIRECTED ONIDA WHITE 
~l!)SS'( FlAT SURF"ACE 

Jj. 
I 

These surface reflections for the pure white are more than double the scattered light 
from the imaging medium. The source is seen as a reflection superimposed on the image. 
This severely interferes with interpretation of the image and constitutes noise in the 
information transfer. Parts of the image seen outside the source image are not contaminated 
with noise. This is an important clue to preferred viewing conditions. 

In Figure 12, the first surface is made rough so that no direction for reflected light is 
favored. At each tiny facet, the same conditions previously shown exist, but the overall 
surface does not define a plane. In this case, the surface reflection becomes about 4% of the 
light reaching the eye from any position, and therefore a small amount of noise is always 
present. 

Transmission- Transmitting media frequenlly possess a clear transparent carrier and 
a dye-impregnated coating with the image formed by the spatial distribution of the dyes. 
Since these are viewed by transmitted light, the first surface at which Fresnel reflection occurs 
is at the carrier on the back side of the image. The light entering the carrier passes through 
and is spectrally modified by the selective absorption of the transparent dyes. Reflections 
again occur at the exit surface of the medium. These rays rereflected from the first surface 
and scattered from within the coating can reach the eye causing some noise. Most of the noise 
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in this type of viewing occurs from light reflected from the surround from the viewed side 
of the image, such as room walls and incidental light sources. This is diagrammed in Figure 
19. 

RELATIVE Dl STR IBUTIOf.J OF" LIGHT 
DIRECTED ONTO A 
WH ITE MAT SURFACE 

Viewing of Prints 

A. A flat glossy print iUuminated by a concentrated source. 

The diagram in Figure 13 shows the simplest relationship between the elements of 
image viewing. This condition is also the most intuitively obvious. The image and carrier 
are in a plane surface. The source of illumination is remote and aligned at an angle of 45 
degrees from the normal to the plane of the image. We have already learned that the imaging 
medium, the ink pigment, modifies the scattered light reaching it with selective spectral 
absorption. The colors thus perceived, together with the observed spatial distribution, 
comprise the information content of the image. Having a flat, glossy surface, the surface 
reflections are directed as by a mirror along a 45 degrees line opposite the source. 

This represents the most effective condition for separating the surface reflections from 
the image. When viewed from any direction except that of mirror reflection of the source, 
the noise, or unwanted light, is effectively channelled elsewhere. 
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B€5T A VIEWINq 

I 

So, why not always use glossy prints and view them in this manner? The reason is 
that the real world does not confonn to this simple model. The print is not always flat, and 
the surround is very often bright enough to be seen in the surface reflections, and many times 
the primary source is ex tended and hard to isolate. Some of the sources of noise are inherent, 
since they are generated by the light necessary to view the image. Others are determined by 
the conditions under which viewing takes place. These are tenned conditional. 

B. flat, glossy print illuminated by an extended or diffuse source. 

In Figure 14, the same object is illuminated from an extended source as in a light 
colored room with a high level of general lighting, or outdoors on a cloudy day. In this case, 
a bright object is seen reflected from the surface superimposed on the image from almost any 
viewing direction. The reflection is noise, affecting the interpretation of the image. Lack of 
image flatness is not illustrated, but obvious! y uncontrolled reflections are added to the image 
when the surface is not flat. In a glossy surface, the mirror-like reflections are sharply defined 
and are very bright, and often completely obscure the image from visual interpretation. 
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DIFFUSE OR 
EXTENDED 
SOURCE:" 

SAME NOISE 
4 ANY POSN 

I I 
Fit 14 COI-J IT ION 8 1 

AT 4laSSY PRlNT 
\ LlUMINATED BY A I 

\ .DiffUSE. SOUR~€ 1 

,-

C. Mat surfaced print iUum.inated from a concentrated source. 

In Figure J 5, the same configuration of the elements is illustrated as shown in Figure 
13. In this case, the surface finish of the print is mat and will diffuse the incident light equally 
in all directions. The light which is transmitted to the imaging pigment is again scattered as 
before, and is essentially unaffected by the mat surface. This print can be viewed from any 
angle, even that of the mirrored source without change in appearance. 

A SAM£ NOIS£ 
"'4 ANY POS'N 

DlF'RJSE 
SURF. REFL. 

FIG 15 CONDITION C 
MAT PRINT 
IllUMINATED BY A 
CONCENTRATED SOURCE 
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Aare-Wnile this set of conditions eliminates the strong, masking reflections associ­
ated with the glossy surface, the noise associated with the unwanted light is ever-present. All 
of the incidemlight from any direction contributes to this veiling flare when the surface is 
mat. The result is a reduction in the achievable dynamic range of the intensity of reflected 
light. No changes or increases in the absorptjon levels of the pigments can compensate for 
this flare. The curves in Figure 16 illustrate how flare limits the absorption at the high density 
end of the tonal scale. 

2..0 

1.4. 

1.0 : 

DENSITY 
OF MAT 
~INr 

o.o 0.0 1.0 2.0 
D£NSIIY OF 4LOSSY PRINi 

LOSS OF IONAL RAt-SG£ 
Fltl 16 

A constant percentage of the incident iiiumination needed to view the image is 
superimposed on the image at all wavelengths, di luting the absorption effects so dearly 
achieved in developing the pigments. Figure 17 illustrates how the flare reduces absorption 
at the wavelengths where it is highest, having the most damaging effect. 

2 ·0 - REFLECTION 
OENSIIY F"LARE 

PURPLE 11-JK 
~LOSS'I' 

1.0 

O.O-400 500 NM 600 

F"l~ 17 SPECTRAL DILUTION 

D. Flat mat print illuminated by an extended or diffuse source. 

Figure 1.8 illustrates an arrangement of the elements similar to that in Figure 14. Since 
the surface finish of the print is mat, light from any direction is scattered in all directions. 
Therefore viewing in a bright surround has little effect on the appearance of the image as 
compare{i with viewing under directional illumination in a darkened room. Remember, 
however, that the scattered surface reflection still retains the spectral characteristics of the 
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source, and can affectlhe color of the image by adding light reflected from colored walls in 
lhe room. 

DiffUSE OR. 
i:){TENtlED 
SOURCE 

- t 

SAMe /IKJIS£ 
4 ANY P:JSN 

Summarizing the effects of surface finish in viewing prints. use of a smooth glossy 
surface permits viewing the imaging media at their best. but only under viewing conditions 
that are specifically arranged for the optimum. The viewing conditions are highly sensitive 
to viewing direction. 

Use of a mat surface frnisb levels out much of the troubling noise. but significantly 
reduces the information content o f the image. The resulting flare is inherent wilh prints 
because it is caused by the light necessary for viewing. Most real life prints have surface 
finishes lhat fall somewhere between the two extremes illustrated, and can be characterized 
by summing the two conditions in suitable proportions. 

VIEWING OF TRANSPARENCIES 

E. Viewing glossy transparencies with a directional source. 

The set of conditions illustrated in Figure 19 is included not only for completeness of 
the range of possibilities, but also because it offers lhe best possible viewing conditions for 
images on any medium. The unwanted reflections from glossy surfaces can be controlled to 
the highest degree in this arrangement. All Light from the source can be collected and directed 
optically straight through the transparency directly into the eye. The possibility for rays from 
surface reflections are held to a minimum. This is also analogous to an instrument design in 
which all three elements are confiJled by design criteria to repeatabl~ predictable inputs to 
the receptor. be itlhe eye as here, o r the detector of the instrument. 
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CONDITIONAL 
NOISE 

Fl~ 19 CONDITION E 
GLOSSY TRANSPARENCY 
ILLUMINATED BY A 
CONC£t.tTAATEO SOURCE 

The incident light angle and quality is controlled onto the transparency. The viewing 
angle is controlled. The surround is controlled, and consequently its effects can be 
minimized. l.mage brightness can be adjusted by the observer for a comfortable white level. 
The sources of noise are not inherent. They depend on conditions such as back illumination 
of the transparency from the observer's eye and from the inside of the viewing hood. The 
dynamic range of the brightness is limited only by the properties of the dye layers and the light 
scattering within the eye. 

Glare-As an aside, the dynamic range of the eye is limited by glare, in which the 
brightest areas within the viewing field cause scatteri.ng of light into the shadow areas inside 
the eye. This is often controlled by shading th.e eye from the brightest image parts in order 
to see into the darker image areas. For example, one lowers the visor when driving toward 
the setting sun to reduce the glare caused by direct sunlight entering the eye. Glare can result 
from bright surface reflections, from a bright surround and from highlight areas in images 
with a very long tonal scale. 

The drawback 10 directional illumination for viewing transparencies is that it is very 
confining to observer position. Typically one must peer into an eyepiece or an eyeshaded 
hood. The freedom to compare and discuss image features with others is limited. Further­
more, no other reproduction method can match the tonal scale and color saturation achievable 
with it. 

Image projection- As a final comment regarding this arrangement of source and 
transparency, it is used to project an image onto a screen, either on the front of a diffusely 
reflecting surface or on the rear of a diffusely transmitting screen. The delivered image 
usually has all the good qualities just mentioned, but the screened image is subject to severe 
degradation from incidental sources and secondary reflections of light. 

Rear projection systems are subject to similar surface finish effects as CRTs which will 
be addressed shortly. Front projection screens are so severely affected by incident illumina-
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tion from the surround that they can be of no value for critical comparison except in a 
completely darkened room, where complete control of incidental light can be achieved. 

F. Diffusely illumjnated viewing of a transparency. (Figure 20) 

CONDITIOI-W_ 
1\015£ AtN 
POSITION 

IMA4E 

1="1~ 20 CONDITION f 

rat~\~Ettf~'( A 
.OII='"F'USE SOURCE 

Transparencies are frequently viewed by placing them on a Light table. Since 
transparencies are usually glossy on both surfaces, there is little control of the appearance 
available in that property. The main distinction of this type of illumination is that each image 
element receives light from a wide solid angle and transnUts the light into a wide angular 
space. This illumjnation is therefore uncontrolled and will impinge on surrounding objects. 
Light reflected back onto the transparency from these objects will reflect light from the 
surface of the transparency and degrade the image. Often, the Light table is larger than the 
transparency and illumination around its edges reaches the eye and other nearby objects. This 
combination of glare and secondary reflections adds to degradation of the perceived image 
quality. 

Since the viewing conditions are not confined, another likely source of noise is from 
incidental sources oflight behind the observer, such as a window or overhead lighting fixture. 

Mat surfaced transparencies viewed in this manner would eliminate the sharply 
defmed reflections from the surface, but would scatter light, causing flare, thus reducing 
contrast, color saturation. and introduce colors associated with the sources in the same 
manner as with the mat print. 

Real transparencies often have some haziness or scattering associated with the 
emulsion Layer. This will introduce to a small extent the properties of a mat surface. 
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Viewing of CRTs 

Video monitors are produced in a wide variety of sizes and quality levels. Certain 
features characterize a cathode ray tube (CRT), making the surface finish a vital part of the 
observed image. Most CRTs have a curved face which greatly reduces the opportunity to 
control and thus avoid surface reflections. The glass face of the video display tube has 
considerable thickness to withstand pressure associated with its interior vacuum. This 
thickness severely limits the amount of surface texture which can be used for reflection 
control without loss of image resolution. 

G. CRT with a glossy face. (Figure 21) 

The CRT has the advantage that it is not dependent on outside illumination for image 
viewing. There are still a number of ways noise can creep into the observer's view. The 
curved face of the tube will reflect light from a much wider range of angles into the observer's 
eye than would a flat face. Therefore, lighted objects in the surround are very likely to be 
superimposed on the image-for example, the walls or a window. Since the CRT is a light 
source in itself, even in a darkened room it will illuminate nearby objects which will in turn 
reflect in the face of the tube. The dynamic range of the image is in this case not limited by 
the effects of surface finish, but by internal light and electron reflections within the tube. 
These tend to lighten the dark elements of the image. 

F'IG 21 CONDITION G 
SELF- LUMMUS IMAqE 
ON GLDSSY CURVED GLASS 
CARRIER - IYP OF C.RT 

A CRT with a truly mat finish on the face of the tube will not produce a satisfactory 
image. The image would be severely diffused because of the spacing between the pigment 
surface and the outer surface caused by the thickness of the glass. Compromises are 
commonly made in which a small degree of surface roughness is used to reduce the sharpness 
oft he reflected image without significantly affecting the primary image. These compromises 
result in all of the undesirable effects being present to some extent. 
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A special surface fmish is possible with the CRT, since the outer surface is smooth and 
suitable for use of such a process. A coating can be applied to glass which will suppress the 
non-metallic surface reflection from the usual4% to less than 1%. A 1/4 wavelength thick 
circularly polarizing layer causes the reflected light to be selectively. attenuated without 
having a noticeable effect on the light emitted by the phosphors. One drawback that should 
be noted is that there is some wavelength dependency in the coating, thus imparting some 
coloration to the small amount of reflected tight which remains. Although it is very effective, 
it is somewhat costly, and is not widely used. 

General ambient illumination from the surround limits the darkness achievable in the 
image, whether coated or not, since the phosphor layer reflects some of that light. The result 
is flare of the type described in viewing mat prints. A CRT image can therefore be best viewed 
in a darkened room having no reflecting objects nearby. This limits the usefulness of the 
display in interpreting the image with other people or in comparing with other media. 

Additional Factors Involving Surface Finish 

Dry back 

A wet ink film wi!J have the smooth, glossy surface characteristic of a liquid. As it 
dries, the liquid layer collapses into the paper structure and takes on its surface quality. For 
a mat paper, the transition from a wet ink ftlm to a dry one results in a corresponding change 
in appearance within the inked area. 

Varnish 

A varnish coating creates a smooth, glossy layer over the ink and the substrate which 
allows a mat stock to be used while retaining the ability to control surface reflections. The 
varnish must be clear to avoid imparting coloration of its own. 

Photographic Prints 

Very often photographic prints are given a slightly diffuse surface to break up the hard 
edges of the reflected objects, while retaining enough glossiness to provide good contrast and 
color saturation. This type of surface is described as having haze, and its quality can be 
controlled by measuring the spread of reflected light in the range of 2 to 5 degrees from the 
specular angle. 

Metallic Surfaces 

Light reflected from a metallic surface does not have two component<;. All the 
reflected light comes from the first reflection. lt may be a smooth surface with mirror-like 
reflect ions, or it may be mat and scatter the reflected light. ln either case, the color is imparted 
by selective spectral absorption in the first surface encounter. 

If the metal is coated with a clear varnish, or if metallic flakes are embedded in a binder 
to form an ink layer, the surface reflections must be combined with the metallic reflections. 

843 



Orange Peel 

A glossy surface with a coarse wavy pattern has a characteristic appearance often 
tenned "orange peel." This type of surface is not useful in making critical comparisons, since 
the surface reflections are neither uniform nor controllable, and the appearance is dependent 
on the form of the surface. 

Scattered Light Images 

Vesicular films form images with tiny bubbles embedded in a clear plastic carrier. 
These are viewed by transmitted light from a directional source. The image is seen as a 
positive when viewed from outside the directional cone of illumination where clear areas 
appear dark and the image areas scatter light from the directional bean1 to the eye. The image 
is seen as a negative when viewed from within the directional cone of light and the scattered 
areas appear darker than the source. Surface finish differences can. be used in the same way 
to create images in transmitted light, and as illustrated in Figure 3, by reflected light as well. 

Summary of Significant Factors 

The widest use of imaging media is in the viewing of a single example for interpreting 
the information it provides. ln most cases the interference from surface reflections can be 
ignored. In some cases it is necessary to change viewing angles or lighting direction to avoid 
the sharply defined reflections which can mask the image. Very often the more subtle flare 
which accompanies mat surfaces is not noticed. This leads to wide use of mat surfaces to 
control the reflections associated with glossy surfaces. 

It is when images are to be critically compared that these effects are noticeable and 
important. To achieve control, it is necessary to remove to the greatest extent possible the 
variables which are not predictable and which are not part of the image-fanning components. 

Mat surfaces will always reduce the contrast of the image. The very light needed to 
view the image whether from within, in front or from behind will be scattered to the eye from 
all parts of the image and will lighten the shadow areas and dilute the color saturation. 

Smooth or glossy surfaces are essential for preserving the full contrast and color 
saturation capabilities of the imaging media. For effective use, the surface reflections must 
be eliminated in the viewing situation. Darkened room viewing is inconvenient and limited 
in effectiveness. 

RECOMMENDATIONS 

An enclosure with one or more restricted viewing locations and a black and baffled 
interior can provide the necessary control. Such an approach requires careful design not only 
to avoid effects of reflections, but to accorrunodate the other needs for image comparison. 
Compromises with convenience are expected. 
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To include CRT and transparency viewing, the design must permit controlled 
brightness border framing for visual accommodation, a white level reference for the image 
and it must prevent cross-illumination between images. Adjustable magnification is needed 
to allow matching of the image sizes. Glossy prints would have to be accommodated within 
the en.closure using a holder for flatness and baffled or shaded oblique lighting. A light trap 
is needed to capture and absorb the specular reflection. 

Adjustable light sources for brightness and color balance are needed, along with color 
gun controls for the CRT. 

With these kinds of accommodations, noise from surface reflections can be kept 
sufficiently low that other imaging factors can be fully developed. 
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