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ABSTRACT

This work concerns the sorting efficiency of cherries and tomatoes
a3 affected by the spectral distribution of the illuminant, the
reflectance of the frult and its defects, and the rotation of the fruit
as it moves along on the sorting belt. The investigatlion of illumination
was begun by running reflectance curves for the outside surface of cherrles,
tomatoes, and cherry defects. These curves were used as basic data for
-calculating a number of possible apectral distributions Sf illumination
which should enhance the perceptibllity of defects on red ripe cherries.
It was found theoretically possible to enhance the perceptibility of
dark defects on cherries by selection of illuminant spectral distribution;
by the same analysis perceptibility of underwcolor defects could be
increased only slightly.

An effort was made to produce a spectral distribution from
comercially available illuminants and gelatine filters which would
enhance the perceptibility of dark defects on cherries, Four illuminant-
filter combinations (rose pink, magenta, purple, and red) which con-
giderably enhanced dark dJdefects on cherries were tested in cherry
processing plants. Red and rose pink were eliminated because some
workers complained that these colors of illumination caused eye atrain
and headaches; magenta was eliminated mainly on the basls of workers'
comnents which favored the purple illumination,

The purple illumination, produced by incandescent filament lamps
and the purple filter, was tested for six five-hour periods during
which samples of cherries were taken from the sorting belt with the

purple illuminant and from a comparsion belt with the regular illuminant,



The resulis of tests using purple illumination showed that the sorting
efficiency was Increased about 10 percent (statistically significant
at the 95 percent confildence interval). This represented an improve-
ment of approximately 50 percent over the regular illuminant used in
the plant.

The perceptibllity of dark defects on red tomatoes may be enhanced
by the same method as used for cherrles. No tests were conducted in
tomato processing plants., The problem of color grading tomatoes was
discussged briefly.

Reflectence curves were run for three common belt colors (white,
tan, and black) used in chercy processing plants, and recommendations
were made for belt reflectance based on the reflectance curves and the
ﬁheory of adaptation of the eye.

Rotation of cherries as they move along sorting belts was investi-
gated and two devices for rotation of cherries, a stationary rod and
a friction-coated rotating rod, were developed and tested. The rotating
rod was more efficient than the stationary rod when the belt was com-
pletely loaded with cherries.

Rate of inspectlion, spreading cherries on the sorting belt,
fluorescence of cherry defects, sorting cherries by transmitted light,

and other factors which affect efficiency were discussed briefly.
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INTRODUCTION

As the art and science of agriculture advances and food production
for our growing population increases, men of the agricultural industry
are continually searching for ways of improving the quality of food
products. There is & continual consumer demand for higher grades of
’ ffuits and vegetables, This consuwmer demand is frequently reflected
in premium prices for high quality prodgéts. Higher grades may be
achioved by productiop of better fruits amd vcget&bles on the farm
and by improved processing and prcéérving techniques. The task of
sorting or grading frults and vegetables is\one'of the main processing
| operations, Cften 50 percent or more of the total lebor (depending
Qﬁ the quality of the incoming product) employed in processing plants
is used on the sorting belts.

Since labor is expensive and In some areas scarce, i1t appears
that a mechanical means of sorting and/or grading fruits and vegetables
might be Justified. Electronic sorters for removing off-color or
defective products from beans, peanuts, etc. are manufactured, However
an electronic sorter has not been developed for frults and vegotables
which must be processed immediately after being harvested. The meain
obetactle appears to be the economic difficulty of manufacturing a
machine for seagonal use, For example, cherrioe should be processed
within 24 hours after harvest and the harvest season lasts for only
four or five weeks, If a machine could be developed which would hendle

several seasonal fruits and vegetables, the economic difficulty might



he orercems.  However, until wechonical sorters are develcoped the problenm
of inspecting and sorting Fruits sal vegehables reisinn.

The method of esorting frulite and vegetables i1 vrocessing plonts
today is that of vizuwal inspecticn and wenuvel geporctiorn.,  Mich labor
could be saved by improving the efficlency of this visusl-wnnual

operation.

Scope

There are two factors which appear fundamental to high efficiency
in sorting operations; namely, the entire surface of the fruit should
be brought into the worker's view, and the 1llumination must be such
that the defective products or the color grades are easily percelved,
In order to limit the problem to a working basis, the analysis and tests
are céncerned mainly with these two factors and with two producte,
cherries and tomatoes. It is hoped that the information cbtained on
research wilbth these two products will be useful in other fruit and
vegetable sorting operations. If this information cannot be applied
directly, the method of analysis might form a basis for further research

in fruit and vegetable sorting.

Cherry Problem

In the cherry processing plents, cherries are brought from storage
into the plant on conveyor belis and are btrensferred to sorting belis
where they are visually inspected. These sorting belts are approximately
22 inches in visual width and have a lighting fixture extending the en-
tire length of the belt (Plate I). From four to ten workers or more
inspect the cherries on each belt in order to locate and remove the

defects,



Types of defects. The defects may 'be classified into three color
categories:

1. Black defects These defects are dark "black and are commonly
caused 'by wind, whip, "bird pecks, and hail damage when the cherry is

nearing maturity.

PLATE I. Kodachrome Picture of Cherry
Sorting Belts. Note flow regulator at
bottom and worker spreading cherries at
right of picture.

2. Brown defects-— These defects consist mainly of brown rot
and damaged cherries which have not had time to turn completely black.
This is actually a range d'f defects from light colored brown rot to
darker browns.

3. Under-color cherries and bruised cherries— -This category
consist mostly of immature and bruised cherries; they are usually
lighter than the ripe cherries unless a considerable amount of oxida-
tion has taken place.

Defects may be classified as major or minor. Most major defects

are included in the brown and black categories; i.e. a range of defects



beglnning with brown rot and extending to black., Under-color, irmaturve
cherries may also be usajor defects, cspeclaliy when lhe cherrics arc
being frozen. When canned many under-color cherries, which are not
too immature, will galn color in the can; however, a large percentage
of under-color cherries would be debrimental to average color.

The dark brown and black defects generally reduce the grade more
rapidly than lighter defects. Cherries will not meke U.Z, grade A
if there are more than four maJor defects (serious blemishes) per 20
ounces (1)*. Thus, the main effortes of cherry sorting are directed
toward removal of a range of defects from brown tc black.

Illumination for sorting. In the past forty years many advances

have been made in the economical production of light, A nuumber of
illuminants of different spectral qualitles are available and researchers
have advanced in producing an artifical daylight illuminant for certain
‘color grading applications (2). This illuminant was needed because
colored objecte often exhlbit changes in appearance under different
illuminants., The question is, what causes these variations in appearance
and 1n what way does the spectral distribution of the illuminant affect
perception of the obJects?

This phase of the cherxry problem concerns the possibility of en-
hancing the perceptiblility of cherry defects by changing the spectral
distribution of the illuminant. In other words, whal are the effects of
the spectralhdistribution of the 1lluminant on the perceptibility of

defective cherries?

* Numnbers in parentheses refer to the appended references.
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Vicwing entire cherry suvrface. The size of defects range from

approximately 1/16 of en inch in diameter to 1/4 or 1/2 of the entire
cherry surface; only occasionally is the entire cherry defective. In
order to remove these defects it appears necessary that the workers be
able to view the cntire cherry surface. Most of the surfaces could be
brought into the worker's view by rotating the cherries. They might
be rotated gradually as they move along the belt or rapidly at intervals
along the belt, Either would be & considerable improvement.

The problem of seeing ell surfaces of the cherry is indeed acute
in many plants, especlally where the cherries are placed on the belt
more than one layer deep. 1in some plants where the cherries would cover
“only one layer, they pile up two layers deep as they fall onto the belt.
This mekes it necessary for the first worker on sach belt to épread
the cherries in order that one side of all cherrisess may be viewed. In
addition, several workers along the belt usually attempt to rotate the
cherries by hand. It appears that these manugl operations are a waste
of time; the workers could well spend thelr time removing defective

cherriea if their hands were free,

Cherry production in Michigan. The state of Michlgan produced
an average of 77,500 tons of red tart cherries (mainly the Montmorency
variety) per year from 1949-53. In the peak year of 1950, production
of 98,000 tons brought farmers a total of oighteen million dollars.(3).
With many new orchards being planted, the volume of cherry production
is increasing rapldly. The number of bearing trees increased 22 percent
from 1945 to 1953. (3). Considering the large production of cherries in

Michigan and the labor involved in sorting defects from cherries, an
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Tomabo Problems

Some phases of the tomato problem are rother gimilar to the chierry
problen; namely, the tomatoes should be viewed on all gurfaces ond the
viguel aprearences of defects and the riperfruit are rvather simllar.
Rotatlion of tomstoes may be accomplished by roller conveyors. In
processing plants where sorting belts are employed the tomalocs are
rotated to some extent by hand. Mechanlcal rotation is desirable, but
it not as critical as rotation of cherries. Since tomato defects axre
usually larger than cherry defects, the perceptibillity of defects is
not as acute.

In canring Michigan tomatoes it 1s desired to geparate touwatoes into
grades one, two, and culls. The number one tomatoecs are red ripe and
mellow; number two tomatoes are firmer and slilghtly lighter in color.
The culls for canning are medium ripe and rather hard. This task wonld
require critical color Judgement if appearance were the only criterion.
Actually, the workers use firmmess as well as appearance for grading.
The plant operators visited did not scem to be aware of any particular
grading difficultles in thils operation; however, 1t is concelvable that
a better gzrading Job could be acheived if apeclal illuminants were to
improve the perceptibility of cclor grades.

There 1is another color sorting problem for tomatoes which are
shipped into the state during the winter months and marketed as they

become ripe., These tomatoes are graded into four color grades (green,



light‘pink, pink, and red). Also, defective tomatoes are removed. The
green and pink tomatoes are placed in storage for ripening and the red
tomatoes are delivered to market, At a later date the stored tomatoes
are again color graded. It is desirable to store tomatoes which will
ripen at approximately the sams time in the same storage since this
will reduce the amount of re-grading necessary. The problem arises
from the fact that marginal color decisions between green, light pink,
pirk, and red are difficult to make, especially when 1t 1s required

to make thege declsions continously for several hours. It is deslred
to determine the effect of the spectral distribution of illuminants on

the perceptibility difference of the various color grades.



DEFINITIONE

The terminclogy used in cclor descriptions are necessarily
complicated. However, it is imperative that one kmows wihether the
terms used represent measurable guantities in the physical gsense,
theoretical quantities which are based on agreed standards bubt cannot
be measured directly, or the perception of radiant energy as reported
by an observer. There is need to discuss light in all these relations.
The committee on Colorimetry of the Optical Soclety of America has
developed a system‘whicﬁ is very helpful in establishing definite
nomenclature (Table I).

The first group of terms in Table I are listed under "physics".
These are measurable quantities of radlant energy without reference to
the eye. The next group of terms are listed as "psychophysics". These
terms refer to values which may be calculated considering the eye as a
gtandardized light receptor. The accepted standard for the eye is that
designated since 1931 by the Internation Commission on Illumination
(official abbre?iation, CIE).* The last group of terms, which depend
on. the obgerver's mental Interpretation of radiant energy, are grouped
under "psychology" and depend on wavelength sensitivity of the eye,
level éf adaptation and psychological factore (observer experience,

attitude, etc.).

¥ ICT was used until 1951 when the Commission‘adopted the abbrevia-
tion of the French name, Conmission Internmationale de l'Eclairage.



Physics

TABLE I

\D

System of Nomenclature for Color Terms (4)

Fsychophysics

Peychology

Visual Stimulus

Light

Visual Sensation! Visuel Perception

Radiant energy

Luminous energy

Spectral Color sensation)
Compogition Coloxr
Characteristics Characteristics Attributes Corresponding
of of of Modes
Radiant Energy Light = Color Color Sensation | of Appearance
Radiant flux Luminous flux Brightness Aperture (1-5)
Radiance Luminance Illuminant (1-3)
Irradiance Illuminance Illumination (1-3)
Radiant Luminous CbJject modes:
reflectance reflectance Surface (1-11)
Radiant Luminous Volume (1-9)
transmittance transmittance
Spectral Chromaticity Chromaticness] Attributes of
distribution modes of
8ppearonce:
(Relative spectrdll Dominant weve- Hue 1.Brightness (or
composition, length (or lightness
Quality) Complenentary)
Radiant purity Purity Saturation 2. Hue
3. Saturation
L, Size
5. Shape
€. Location
T. Flicker
8. Sparkle
¢. Transparency
O, Glossiness
1, Luster




In order to obtain a more definite understanding of the meaning
of the words used, the following list of definitions are presented.

Terminology Used for Measurable Quantities, "Physica"

'+ Radlance---radiant energy from a gource per unit time per unit

solid angle per unit projected area of source.

2. Irradiance-~-F, radiant energy incident on a surface per unit

time per unit area.

-

2. Radiant Reflectance (reflectance)---R, ratio of reflected to
incident radiant energy.
4, Spectral Distribution Curve---a curve showing the relatlve

radiant energy at various wavelengths in the electromasgnetic spectrum.

Terminology Usod for Theorctical Calculations of Visual Phenomena,
"Pgsychophysica”

1. Luminosity Function---L, relative spectral sensitivity of the
eye considered as a standardized receptor, the CIE standard observer
(see Figure 3).
oo
2. Luminance--- _/?EA,LA.) AA*, the effective stimuli from a
(]
light source. That is, evaluation of a light source as to its effective-

ness in producing visual gsensation,evaluated in terms of the CIE standard

observer,

ﬁExLx Ra JaA
‘0/&1 Ly ) 4

reflected to incldent light evaluated in terms of the CIE standard

3., Luminous Reflectance~=-

, the ratio of

observer when using a specified illuminant.

* The subscript, JL, is used in color nobtation to indicate that
the variable is a function of }_.
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transmitted to incident light evaluated in terms of the CIE standard

k. ZLuminous Transmittance-- , the ratio of

observer when using a specified illuminant.

oo
5. Luminous Reflectance Ratio ,j,(Ez,Lq_Rq_)l ai
(Contrast ratio)- 2
f(E;LLA Ry )p dX
o

of the luminous reflectance of surface 1 to that of surface 2.

the ratio

2

Terminology Used for Reporting Visual Phenomena "Psychology"

1. Hue---the range of colors; 1.c. blue, green, red, purple, etc.

2. Achromatic---lacking hue; 1.c. white, grey, black series.

3. Saturation---the degree of departure of a chromatic color from
the achromatic color of the same lightness,

4, Brightness---apparent luminance; i.e. the estimate of luminance
made by mental perception of a specified light source with a glven adapta-
tive state for the eye.

5. Lightness---apparent luminous reflectance of a surface.

6. Color Contrast---mental perception of color difference; includes

hue, saturation, and lightness.

J
7. Lightness Contrast--.mental perception of lightness difference.
8, Perceptibility Difference---total visual difference, includes

lightness contrast, color contrast, shepe, surface characteristics, etc.

General Terms

1. Light---radiant energy in that part of the electromagnetic

spectrum capable of producing visual sensation.
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2. Background---~the part of the field on which objects arc viewec.

3. Surround---the area sround the background which falls in the
fleld of visilon.

L, Field of Vision (field)---the entire visual area perceived by
the eye; thils includes the background, and obJects which influence the
adaptation ¢f the eye.

5. Color Constancy-~-~the tendency of a person to perceive the

daylight color of a surface regardless of the spectral distribution

of the illuminant, within limits.



CEJECTIVES

In view of the foregoing statements concerning the importeancs of
the cherry industry in Michigan and the nced for improvement in the
visual-manual sorting operation, the following objectives were
cgtablished:

1. To find a suitable method of rotating cherries as they move
along the sorting belt.

2. To determine the effect of the apectral distribution of the
illuminant on the perceptibility of defective fruit in cherries and
tomatoes, and on the perceptibiliéy of the color grades of lomatoes.

3. To investigate the effect of belt speed, concentration of
fruit on the sorting belt, width of view of the workers, and other
factors which may influence sorting efficiency in fruit proceseing

plants.



EVIEW OF LITTCRATURE

Illumination for Sorting

In 1951 Peterson (5) performed limited tests on illumination
of cherry sorting belts using blue, green, gold, and red illumination.
The blue, green, and gold 1llumination was obtained by using o light
red filter over a pink fluorescent tube. Green and gold were eliminated
because the green gave a dark appearance to the cherrica snd the gold
did not show up all the defects (5).

From limited tabulated data Peterson steted that higher quality
cherries were obtained by using blue fluorescent lamps than white
lamps; however, he stated later:

The blue fluorescent lights made all the cherries

look slightly darker. ... Blue light increases the

brightness (he intended lightness) of the brown spots

making them easier to detect, The black spots on the

darker cherries are found be be more difficult to see.

The best testlmony that can be given for blue light 1

that the workers asay that blue lights are easler than

white lights for the eyes on night work.

Concerning the use of red light, Peterson stated that uajor defecis
were eagier to detect while minor defects, which often cook out in the
can, were less noticeable. He showed the results by the total pounds
of defective cherries removed by an equal number of workers under each
illuminant. The samples were taken during the same period. FPeterson's
tabulated results indicated an efficiency increase from 5 to 80 percent
for the red illumination. That is, according to the data, if the workers

under white light removed 100 pounds, those under ved light removed from

105 to 188 pounds during the same period. Eleven weight values were
listed in the table.



According to his report plo tlights presented a psychological problem,
capecially when the light source was in the worker's view. Also,the
workers complained occaslonally about changes in the illumination.

Linsday (6) suggested the use of colored illumination for checking
color proofs. He stated, as an example, that to check a yellow proof
it should be examined under saturated blue light. By this procedure
‘the Yellow ink, which absorbs blue, appears very dark if printed on
white paper. That is, the white background will reflect most of the
blue light while the yellow ink will absorb most of the blue light. This
mekes the yellow proof show up with much greater contrast under saburated
blue light than under white light.

The applications presented by Linsday and Peterson depend mainly on
lightness differences of a surface or surfaces. The following articles
on lightness are concerned with changing the spectral distributions of
11lluminants in order to produce greater color contrast,

White (7) working at Stanford TUniversity considered the change
in spectral reflectance and appearance as fruits and vegetables mature.
His main interest was in establishing color tolerances for peaches,

Spectral reflectance curves for four grades of clingstone peaches
were pregented. It was pointed out that the curves were very similar
between 500 and 620 Mu (millimicrons). Due to this small reflectance
difference in the spectral region where the eye is most sensitive to
light, White suggested that photoelectric sorting of peaches be investi-
gated. The greatest difference in reflectance of the grades occurred at

approximately 675 Mu.
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White examined vaw samplez of products, presumably peaches, under
14 different sources of commercilal light. The sources of i1llumination
included white and colored fluorescents, incandescent with daylight
correction fllters, and mercury vapor lamps. The greatest differences
in color were obgerved when using light with approximately equal energy
distribution. He gtated:

The results of numerous observations with these

sources, at intensities of 10 footcandiles to several

hundred footcandles, consistently indicated that the

illuminant allowing easiest detection of color differ-

ence did not vary with the spectral reflectance curve.

The greatest differences in color for any product

resulted when daylight, daylight fluorescent, daylight

incandescent, or any source having approximately equal

energy distribution was used.

Next he usged illuminant-filter combinatlons in order to produce
light in a number of restricted areas of the visible spectrum. Thirty-
gix Corning filters used in the tests were listed and he stated that
the various combinations of these filters gave hundreds of observations
of different lighting conditions. In the conclusions he stated, "The
light source best sulted to the detection of color differences is ome
having approximately equal cnergy distribution (daylight) throughout
the visible spectrum."

Nickerson's (8) writinge are not in agreement with +the conclusions
drawvn by White. Concerning illumination for the purpose of enhancing
color differences, Nickerson stated, "The single 1lluminant most sat-
isfactory for this purpose will depend upon the reflectance curve of
the samples to be examined." In addition she refcrred to studies made
by Teylor (9) which indiceted that the illuminant best suited to enhance-

ment of color difference is one rich in energy in the region of the
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gpectrum where the‘samples to bz examined have maximum abgorption. She
continued, "In other words, if yellow samples are to be ecxamined, an
illuminant rich in energy in the blue portion of the spectrum where the
spectral reflectances of yellow samples are apt to differ moat widely,
wlll enable an observer to discriminate differences more eagily than
when using an illuminant deficient in the blue portion of the spectrum.”

A review of Taylor's (9) article revealed the following pertinent
guotation concerning the perceptibility of color differences, "Our
tests indicate that small color differences are often most definitely
revealed by an illuminant radiating energy throughout the visible
spectrum, but being especially rich in energy in the spectral regions
where the colored obJject has maximum absorption.” Taylor followed
with an example which illuastrated that the rich portion of the illuminant
should be in the region of maximum absorption for two reflectance curves
which exhiblt approximately the same difference in this region as in
the region of maximum reflectance.

The principle of enhancing color difference stated by Nickerson
and Taylor is rather well established. In a discussion with Judd (10},
Head of the Colorimetry Unit, National Bureau of Stahﬁarda, the writer
learned that the more amccurate and positive way of stating this principle
is as follows: Color difference is most pronounced by use of an illuminant
with radiation throughout the visible spectrum but rich in energy in ?he
.region of the spectrum where the reflectance curves of the obJjects
exhibit the greatest percent difference. This agrees with Taylor's
example but not prec;sely with his statements. His statements are

based on the fact that for many color differences occurring in industry,
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the grecatest percent difference in reflectance is in the region of

maximum absorption.

Product Rotation and Other Factors Affecting Sorting Efficiency

Peterson (5) reported that some processing plants atteupted to
rotate cherries mechanically at the half-way point along the sorting
belt. The methods llmted were wooden pegs, trip wire, and a sguare
roller. He explained that the pegs were mounted vertically in two
staggered rows across the belt; the trip wire was a pilano wire stretched
across the belt below the center of gravity of the cherries; and the
square roller was a wooden roller which rotated in the opposite direction
to the belt travel. (Roller action was not explained further). Peterson
stated, "The disadvantages of the above methods are that the firast two
will Jam up when squashed cherries come along, and the latter method
may do mechanical damege to the product." He attempted to rotate cherries
with foam rubber fingers and.stated that the fingers were 80 percent
effective in turning the cherries; however, the term "effectiveness"
waa not defined and the concentration of cherries on the belt was not
gilven.

Petersgon made several counts to determine the percent of defective

.cherries which were vigible without rotation. He stated that without
rotation approximately 30 percent of the defects were visible.

Malcolm and DeGarmo (11) reported rather exhaustive laboratory
tests and some field tests on factors affecting sorting efficiency in
processing plants. The tests included nine variables: 1. shape of
objects, 2. direction of approach to worker, 3. number of rows of

obJects, 4. rate of inspection, 5. rotation of obJects, 6. percent



defective, 7. location of delects, O. color contrast of defect with
that of object, and 9. effect of mirroes on inspection efficieuncy.
The following account of the report only includes those items which
were deemed important to this work. All comments apply to sphefical
shaped obJects as reported,

Malcolm and DeGarmo (11l) reported previous tests by Rossi (12)
which showed that for three-quarter inch to two inch objects the sorting
efficiency 1s increased from approximately 75 percent to 98 percent
by rotating the product 3/& to 2 revolutions per foot of travel on the
sorting belt. The product in this test was presented to the worker
in single rows. More complete teats by the authors verifled the data
collected by Rosgl. Malcolm and DeGermo used 2% inch diameter objects
in thelr tests, but reported that the size of the product was not
important in this report.

They also reported tests on rotation by DeHart (13) which showed
that the direction of rotation should be such that the top surface of
the product travels in the same direction as the sorting belt (forward
rotation). When the rotation of the product was in the reverse direction
the workers developed nausea at certain critical belt and rotational
veloclties.

For spherical obJjects of 2% inch diameter painted an orange color,
Malcolm and DeGarmo (11) tested three speeds of rotation: 1.53, 3.0, and
4,0 revolutions per foot of translabtion. Slightly higher sorting
efficlencies were shown for the two lower speeds of rotation,

In their tests the sorting efficiency ranged from 3 to 9 percent

greater for the direct approach to the worker as compared to the side
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approach which is commonly used on sorting belts. As the width of view
Increased (greater number of rows cf objects) the side approach showed
an improvement in sorting efficiency. This led the authors to state,
"Thus, 1t may be conjectured that if 6-row presentation had been tested
the side approach would have egualed the inspection efficiency obtained
under the same conditions for direct approach of the specimens.”
Inspectlon efficiency was not significantly affected by the percent

of defects in the samples, Samples in the tests contained 14 and 30

percent defective obJjects.

Following 1is a partial list of the conclusions and recommendations

presented by Malcolm and DeGarmo (11).

When obJects are moved (translated) along a table or
conveyor belt past a grader for visual inspection for defects
located on a peripheral surface, the speed of rotation of
the object, while it is being moved in translation, is a
primary factor in obtaining greater inspection efficiency.
... Spheroidal specimens, which roll about numerous
axes, should be rotated about 1.6 revolutions per foot
of translation when from 3 to 5 rows are presented for
simulataneous inspection.

The presentation of specimens at regular intervals
along the ingpection belt is preferable to haphazard
spacing, from the viewpolnt of both inspection efficiency
and operator sabtlsfaction.

For specimens that have a waximwm "width" dimension
of 2% inches, four rows of specimens appear to be the
optimum number of rows that shouwld be presented for simul-
taneous inspection. There is reason to believe that this
number of rows might not be correct for smaller or larger
specimens which would decrease or increase the width of
the area over which the grader's eyes searched during the
visual inspection process.

For use with the side approach, the equipment should
be so constructed that the grader will be stationed
about 8 inches from the nearest row of obJecta. Defects
on obJjects within this 8-inch range cannot be clearly

geen by graders.



VEACELTIDILITY DINTELE: L

From Table T thne eleven attributes of modes of appearance as
desglignated by the Optical Society of America are listed as Tollowa:

brightness (or lighbness), hue, saturation, size, shape, location,

flicker, sparkle, transparency, glossiness, and luster. Tvans (14)
stated that all eleven atitributes of modes of appearsmace can occur Tor
the surface mode. Thus, differences between surfaces way be perceived
and reported in any of these gpecified ways. The percelved difference
is a result of the cumilative effects of the difference due to these
attributes of modes of appearance and perhapa others not included in
these specifications.

In considering illumlnation as a means of enhancing perceptibillity .
difference between surlaces, the [irst three attribultes are of prime
importance; 1. e. lightness, hue, and saturation. Tt 1s not intended
to famply that changes of illumlnant gquality and inteneity do not influence
the other surface differences, but that the other factors appear to be
of releatively winor importance in frult and vegetable sorting. Specular
gloss and transparency will be mentioned later with reapect to cherry
sorting operations.

As set forth in the definitions, the color perceived depends on
lightness, hue, and saturation. TFrom these three attributes in coubina-
tion,the eye interprets the difference in color of surfaces; i.e. color
contrast, In addition, the single attribute of lightness variation is

1nterpreted as lightuess difference; 1l.e. lightness contrast. Thus, the
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perceptibility diflorence may be discussed in terms of two variables,
color contrast and Llightness contrast. However, anovher very important
factor, adapbation of the eye, musv also be evaluated. Adaphation depemis
on the guality and quantity of the light reaching the eye from all parts
of the field of vislon; thus, the color and lightness of background and
general surrounds must enter into the analysis of perceptibility difference.
An exact relationship for the calculation of the general adaptation level
1s not known; however, 1t 1s considered a complex function of the average
reflectance of the field of view and general 1llumination level (1%).

In order %o analyze the illumination in more detall, if ig necessary
to conalder the visual process. Only those principles and theories
by which color and lightnesg differences are uaually explained are
presented. Ior a more detailed explanation the reader is referred to

textbooks on visilon, paychology, and color. (4,15,16,17,18)

The Visual Process

Light entering the eye is focused by refraction at the surface of
the cormea and by the lens to form an image at the back of the cys on
the retina. From the lens to fhe retina, light is transmitted by a
medium (vitreous humor) which absorbs part of the light. The retina
is made up of approximately seven million extraordinarily small receptors
(cones and rods) (15). When light strikes these receptors, each receptor
absorbing enough energy initiates a nerve impulse which is transmitted
to the brain via a nerve fiber. The nerve impulse takes place tarough
electrochemical action (&). The molecular basis and chemical action of

vigual excitation is discussed in recently reported research (19).



In the central part of the retina there is a nerve [iber [or eacn
receptor, whereas in the outer veglona of the retina a nwdber ol recepiors
are comnected to a single nerve fiber (15). (Thie accounts for distinct
vigion at the center of the field of vision). These nerve [ibers are
combined into a cable (optic nerve) at the back of the eye. The optic
nerve 1s then conneccted to the occipital lobes of the brain in the back
part of the head. An illuminated surface reflects light to the eye and
results in a pattern of excitation of the retina. This pattern.is tran;-
mitted to the brain and forms a pattern of exclbtetion on the occipiltal
lobes of the brain which is interpreted by the brain, The resulting

gsensation is called visual perception.

Three-Receptor Theory of Color Vision

According to this theory there are three photopigmente or photo-
pigment-filter combinations which have different sensitivity to various
wavelengths of light{17). It iz not known whether these receptors or
photopigments actually exist; however, the postulation of such recepltors
enable us to explain many observed facts of color vision (15)., Helson
(20) in 1938 reported that his research on adaptation indicated color
vision is recorded by only one mechanism. However, the three receptor
theory was applied by Evans (15) in 1948 and by Judd (17) in 1952.
Indeed this theory has been developed to the extent that the approximate
color, which will be perceived in simple visual situations, uway be
calculated. In order to make this calculation 1t 1s necessary to have
a weighing function (hypothetical sensitivity) for each receptor and to

know the spectral irradiance on the eye. The formmlas used are as

follows(17):
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where: H, is the spectral irradiance on the eyec

x]‘,yq’, and 2z, are presented in Figure 1 as weighing functions

for the color receptors.
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x= XX+XtzZ , y= YX+YI4Z , z = ZA+Y+Z

alao:

where: x, y, and z are the trichromatic coordinates of the CIE color
mixture diagram, (This is the most widely umed syatem for color
specification from spectrophotometric data. A number of systems are
possible).

General adaptation. According to Evans (15) the color perceived,

excluding psychological factors (attitude, intention, etc. of the
observer), depends on the ratio of the output of the presumed color
receptors. The output of a receptor depends in turn upon its level

of adaptation as well as the amount and wavelength of light absorbved by
it. The level of adaptation of each type of color receptor rises and
falls with the amount of light recelved by each. The adaptation of color
receptors is most easlly presented Dy examples.

When the eye 1is adapted to radlation with approximately the intensity
and distribution of average daylight the color receptors are adapted to
what may be called equal senaitivities (15). If a small green object
ig brought into the field of viow, the output of the green receptors
will be greater than the blue and red receptors in the region of the

retina where the obJect 1s focused. The obJect is then perceived as



VALUES

TRISTIMULUS

2>

2.0
F N\
A
1.6 .Y
1
\ ‘
‘ —4
1.2
3 = X
= Y
/
\
/
: \
0.8 X
/ \
1 /
\
W N\
\ / \
/ \
- \
0.4 \ \
/ \
/ / \
7 N1/ \
/ NN
pa Uk NN
/ 7N | ~
20 40 60 80 20 40 60 80 20 40 60 80 20
40 0 500 600 700
WAVELENGTH IN MILLIMICRONS
FIGURE |.  WEIGHTING FUNCTIONS USED TO REDUCE
SPECTROPHOTOMETRIC ~DATA TO COLORIMETRIC TERMS (I7)



n
(X

green in color. This is a simplified illustration; adaptation due to
the image of the green object is neglected. This will be discussed later.
How suppose the eye 1s adapted to the spectral distribution of an
incandescent lamp (Figure 2)., With the eye adapted to this spectral
dietribution the green receptors are gomewhat desensitized compared +to
the blue receptors since the green receptors are receiving more radia-
tion to which they are sensitive. Likewise, the red receptors are
degensltized even more than the green since the radiation iz considerably
greater in the red portion of the spectrum, Then, the sensitivity
distribution of the eye to different colors ie opposite to the spectral
distribution of the radiation received by the eye (15). Receptors
receliving the least radiation to which they are sensitive have greategt

outputs per wnit received, —

Color constancy, Due to adaptation of the color receptors an
observer tends to see the same color for a given obJject even though the
gpectral distribution of the iliuminant is changed. This is called
"color conetancy' and is usually complete for obJect-color perceptions
of ordinary changes in the conditions of illumination (4). Color
constancy applies to a smaller degree for 1lluminants with sharp changes
in spectral distribution and for saturated obJject colors (15). Finally,
if obJects are viewed under spectrally homogeneou: (single wavelength)
illwnination color constancy is not mainteined.

-~

As an example of color constancy suppose a light red object is placed
on a light gray background of ecgual lightness and illuminated by either
an incandescent lamp (Figure 2) or by north skylight (approx. equal

energy disbtribution throughout the vieible spectrum), the object will
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appear very nearly the same color under cach illuminanl. Xoxr the
skylight 1lluwinotion lob ug assume the cnergy roccived by the red
receptore ie twilce that reccived by the bluc wvecoptors and both arc
adapted o the same lewel. ‘Then, for the incandescent lamp the red
receptors would receive a much greater ratio of the energy, perhaps
four times the blue receptors,since this illuminant emits mmch morc
strongly in the red reglon., However, the blue receptors are more gen-
sitivgrdue to the adapting gray background and the ratio of the output
of the red rcceptor to the blue is stlll approximetely two to onc., That
is,blue receptors are relatively more sensitive,and the radiation received
by the blue receptors results in greater output than an equal amount of
radiation absorbed by the red reccptors.

Color constancy is not maintained for spectrally homogeneous or
gtrongly saturated illuminante. Observers using strongly saturated
chromatic illuminante report that obJjects exhibit: 1. the hue of the
illuminant, 2, achromaticness (no hue), or 3. the after-image comple-
mentary hue of the illuminant (20). Furthermore, the observed hue under
strongly saturated illuminants depends mainly on the lightness of the
obJect for the specified 1lluminant with respect to the lightness
adaptation of the eyc. (Lightness adaptation of the eye depends on
all objects in the field of view), Daylight hue is of minor importance.
However, 1f a small amount of light is added throughout ‘the visible
spectrum, the objects quickly regain their normal daylight hues. Non-
gelective obJjects are slower to regain their normal daylight hues than
selective objects (21). The exact daylight color may not be attained

until normal i1llumination, whatever this may be, 1s restored. Thus, the
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color of an object may be distorewd by thc gpccitral distribution of thc
illuminan®v; however, the corrcet hwe of the objleoct will be perveived

it a small amount of radiation is present throughout the visible specilyuu.
This includes a host of sc called white and even certain non-saturated
chromatic illuminants. DBut the color of an object may not be precisely
the same under any of these illuminante. (liote that color includcs huc,
lightness, and saturation).

In sumary, the goneral adaptation of the eye makes automatic
corrections for a rather wide range of speciral distributions from
surfaces so that these surfaces are interpreted as the same huc regard-
less ol the spectral distribution of the illuminant, within limits.
Also,‘color is corrected by adaptation for ordinary spectral distribu-
tions encountered in daily living.

Locel and lateral edaptation. The foregoing discussion hag been

concerned with general adaptation and color constancy. In addition,

two other types of adaptation, local and lateral, must be considercd.
Local adaptation means the adJustment of sensitivity of a porticn of
the retina due to the radiation falling on that particular part of uae
retina., As the eye moves from place to place over a swrface, the
radiation received by any particular area of the retina will be cou-
tinually changing according to the changes of the Iield (as in rcading).
For such a visual tasgk the coye moves in small jumps Irom placc to place
and stops instantaneously to pick up the image. The focus of this
imege on the retina causes an Initial retinal adaptation according to
the pattern of the image. This i1s local adaptation 15). At a given
tagk with a given illumination lovel, local adaptation and time contributc

to the genersl adaptalion level of the eyc.



iateral adaptation refers to the influence of receptors which are
recelving radlation on adJjacent receptors. It the eye adapts locally
to a spot of light of a given wavelength, adJjacent receptors will also
be desensitized to these wavelengths through neural interactions. If a
Jyellow-green and a green object are viewed in broxiwity, the former
will tend toward yellow and the latter toward blue-green., The reason
for the apparent shift in color is lateral adaptation and this is a
very important effect in “"simultaneous contrast” (15).

As an example, when two objects are viewed in proximity lateral
adaptation is a maximu and the image of the first obJect will tend
to desensitize the adJjacent receptors to the color of the first light
Suppose the two objects are green but the first reflects more blue light
than the second. It these obJects are viewed in proximity the blue
light in the Tirst image will help desensitize the blue receptors in the
region of the second lmage; thus, the output of the blue receptors in
the second Image will be reduced. This Wiil result in an Interpretation
of less blue reflection for the second object than actually exist. The
tendency is for the objects to be perceived as complementary. Thus,
for greatest color difference the obJects should be viewed in proximity (4).

Color adaptation has been discussed under three classifications:
general, local, and lateral. Likewilse,lightness adaptation may be

considered under the same three classifications.

The Brightness Receptor

In addition to the three color receptors consldered in the forew
going discussion it 1s convenlent to assume a fourth Uype of receptor,

the brightness receptor. For color conslderations this is actually the



preen recopbor ol the CII gystow bul s conslivied scperwloly wcie
because of its Lmportance in llshtucss contiael and siupliclby of
cxplanztlon., Bvans (10) uses bhis technijuc., The sonsitlvity of iz
receptor to the various waveleongbus of the specbimu s iven Ly the
luminesity funetion (Flgure 3). Thore cre mony similarities botweou
lightness end color adapletion, Ceneral, local, and latcral adaplatlon
apply to this type of recoplor as they do bte any one of the color iccoplbors.
However, it should be.remeubered that there is only one type of receptor
to be considered.

The eye is capsble of adapting over a range of luminance frow about
lO"5 to 105 foot-lamberts but the momentary renge perceived by the eye
is approximstely 1000 o 1 (4). Tor a given level of adaplation there is
an intensity level below which all stimuli appear blacl (17). This is
called the black point and it increases and decreases with the level
of illumination. On the other hand, white is percecived for non-gelective
surfaces which reflect 75 to 100 percent of the light striking the
swriface, Gruy is perceived for non-gelective suwrfaces which have ref'lect-
ances between the black and white swifaces; for exsmple, gray is perceived
for non-gelective surlaces in the presence of othwer nou-zclectlve
surfaces of higher reflectance. Gray is & rélative sensation depernding
on other swifTaces in the field; 1.c. onladaptation level of the eyc.
Because of this dependance on edaptation level, the eye cannct bc
depended upon to Judge absolutc magnitudes of intencity but it cen
detect very small intensity differences (15).

The retlio of luminous differences for surfaces is expressed by the

contrast ratio which has been defined as follows:
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Contrast ratio =

For calculations of this type in color debterminatione a wavsband of
10 millimicrons (Mu) is considered sufficient for general applications
(17). The numerator or denominator for the contrast ratio is calculated
by mltiplying, weveband by waveband, the spectral distribution of the
illuminant by bthe spectral reficctance of the object by the luwuilncsity
function of the eyc, and by totaling the products throughout the visible
épectrum. It is noted egalin that this calculatlon depends only on cne
receplor éensitivity curve while the color calculations require the
inclusion of data from three color receptors., This is important in the
congideration of lightness differences.

Suppose the cye views a scene whilch adapts the brightness reccoptors
to the samc level when illuminated by certain intensitlies of elther
a daylight fluorescent lamp or an incandescent lamp., I wo objects
of different spectral reflectance are viewed wder each illwminant, the
obJects will tend to maintain their own color since color adaptation

tends to make up for color deficiencies in the illuminant. However,

¥ The swamation limits from 400 to 720 Mu are ocmitted for conveniencc.
These limlts are uesed throughout thls report and are Justified

gince the luminosity function, L, is practically zero beyond these
limits. A 1O Mu increment is used unless otherwise specified.



if one of the objects has greater lumincus reflocbance bthen the ouhor
wnder Wie Incuardescent 1llusinant the cye will moke no correction ror
the diffcrence in contrest ratio produced by change of illuwdnant. That
is, there is no lightness conatancy as fourd for color when the spectral
distribution of the illuminent is chaunged, Thus, thce lightness differcnce
due to change I1n the spectral distribution of the illwminant is not
corrected by edeptation of the eye since therc 1s only one type of
brightness receptor (15).

In addition to local, lateral, and general adaptation, light is
reflected from the iumage on the retina to other parts of the retina.
Thig is called entoptic stray light and results in excitation of these

regions which increases the level of adaptation (23).

Yrinciples of Perceptibililty Difference

The following princliples concerning optimiun visual condltions
for perception of cclor and lightness differences were taken from the
indicated refercncc.

For maximum perceptibility of color dilfferenccs. 1. The surfaces

should be viewed in proximity (L).

2. The illuminant should radiate eneryy throughout the visible
gpectrum but should be rich in eneryy in the region of the spectrum
where the reflectance curves of the surfaces exhibit the greatest
percent difference (10).

3. Judd (17) states, "The most favorable condition for detecting
chromatlcity differences (Schonfelder, 1933) is to have the eye adapted
to a chromaticity as closely like the two being compared as possible.”

This means that the color of the background should be the average color



of the product being zraded.*

Yor moxiowd percepbibiitty of lighticss A ffercucee. gx

i Lo 3t acern

should be vlewed in proximity (19).

2. According to Adams and Cobb (2h), the velative fractlonal
threshold for visunal sonsation is a wminimum when the lightncss of the
background equals the lightness of the surface; 1.., wniform field
lightness is the optimum adaptive condition for distinguishing lightness
differcncesa. A darker background is preferred to a lighter one in

this rcspect.

* This applies only to the detection of color differences and
not to Jjudgement of daylight color as used for standards ( sce
reference 4, p. 51).



The concern of this gection s the porceptibilibty differcace botweon
cherry defects and red tart cherrics., For the analysis of percepti-
bility difference it is necessary that the reflectance of the cherries
and defects be considered.

Spectral Reflectance Cwrves

Reflectance cwves for red tart cherries and for defective cherries
arc pregented in Figure L. Thesc curves were taken from the original
reflectance curves which are presented in Appendix I. The under-color
and black defect curves were taken from samples 7 and 5, respechtively.

The brown defective cherry curve 1ls an average of samples 6 and 9, and

2
the red ripe cherry curve ls an average of samples O and 10. Color
pictures of samples T,8,9,énd 10 are shown with the original roflectance
curves in Appendix L. The saumples used for averages posscessed couwparable
reflectance throughout the vieible spectrum. Each of the curves of
Figure 4 is considcred typical for’the type of cherry or defect recpresented.
The area between the reflcctance curves of the brown and black
defects is shaded and labeled as the area for dark defects. From the
appearancce of the cherries all defccts which are darker than brown rot
should have reflectance curves which lie in the shaded arece.. This
classification includes a large majority of the majoxr defects. The
under-color cherry curve represents Lrmature clicrries. This curve ey

also be a fair approxivction of cherries which arc bruilscd in the lug

and turn a slightly lighter color.
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Lotor Contrast

Lolor has Doon defined as including e, saturatlon, and lightness.
By obse.ving a reflectance curve,an indlcation orf the hue way bo obtalsn?
by noting the region of the spectrum in which the pcai of the cwve
appecars, providing the reficctance curve has only onc such peak. Also

an Indication of saturatlon way be obtaincd by the narvowncss of this
peal and the magnitude of reflectance in other regions of the viaible
spectrum. Curves with narrow pecks and littlc reflectance in other parts
of the gpectrum exhiblt greater saturation. (Thia typc of obscrvation
can be made only for veflectance cuwirves which are gimple). The lichtness
of an object is a function of the area under the curve obtained by
multiplying (vaveband by waveband) the reflechonce curve, the luminosity
function, and the spectral distribution of the illwminant; 1. c. lightness
is a function of luminous reflectance. Lightness increases with luminous
reflectance for specified visual.conditions.

Seforring égain to the reflectance curves of IMigure 4, the reflcctance
for wavelongths shorter than 550 Mu is very low for all curves. All
curves excepv the black defect curve show increcased reflectance for the
longer wavelengths. It may be surmised from these cuxrves, ag from
cbservations of cherries and dcfects, that the differcnce in hue of the
under-color, red ripe, and brown is rather small. Saturation diffcrence
1s greater but a large part of the color difference may be attridbuted to
lightness difference.

In addition to these statements concerning the relatively minor role
of hue and saturation differences the change in the exiating color should
be smoll since the eye tends to maintain color constancy, especially if

gome radiation is admitted throughout the visible spcctrum. In the cherry



sorting tests discusscd here some daylicht vas aduibbtod to tho sortins -
belts; thus the change in hue and saturation should be of relatively
minor importance. (An exceoption way have been the preliminary teet

at Plant A). By this annlysis, the problem is reduccd, casentialily,

to the perceptibility of lishtness differencces.

Lightncss Contrast

The contrast ratio way be used as a relative meagure of the lightness
contrast although the reiationshlp between these factors is not exprcased
mathematically. Tho contrast ratio is a calculated psychophysical value
depending only on the relative luminous reflecctancea of the two surfaces
being considered, The lightness contrast is a psychological value
giving an estimate of lightness differencc. It depends on the relative
luminous reflectances of the eurfaces, the adapiation of the eycs, and
psfchological factors (attitude,concentration, intent, etc, ). The
peycbologicael influence may be assumed to bo equal for two visual
sltuations where the obsevver is atteumpting the same tazk, unlesa
contrary facts can be observed. Iliminating psychological factors
for the present, the lightness contrast increases as the contrast ratio
departs ferther from unity. A contraat ratlo of 1/2 is equivalent
to 2/1, and unity contrast ratlo gives zero lighitness contrast.

Contrast ratio. The contrast ratlo, as expressed previously, cquals

+he luminous reflectance of surface one divided by the luminous reflectance
of surface two. In this report the luminous reflectance of the cueorry
aurface is used in.the nuwerator and the luminous reflectance of ths
defect in the denominator. Thus, the contrast ratlo is expresscd by

the following formila:
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Contraght ratis =

2.(- Al s ) Tor aciecs

In the contrags ratlo eguation Lthoe facvor, 1., rcprescnits hc
luminosity funcbtilon as prescnbed in Figurce 3 and the spectral rellectances,
R, are given in Figure 4 for cherriea and dcfects., The reflcchances
and the luminosity functlion arc agsumed to bo fixed and 1t 1z desired
to vary the spectral distribution of the illuminant, E, in order to
produce the maximum contrast ratio. In order to vieualize clcarly
the possibility of Increasing the contrast ratioc, the luminosity
functlon was mltiplicd waveband by waveband, by the spectral reflectance
of cherries and defects, The resulting cuwrves arc plotted in Figure 5.
For maximum contrast ratio of wwo obJects, the illuminant should have
strong radiation in the region of the spectrum where the curves Tor thc
obJects (Figure 5) exhibit maximum percent difference. Dadlatlon in
other regiong may be climinated or reduced. This procedure was not
puggested in the literature. However, It can be seon frow the contrast
rablo equatlon and Figure 5 that this is the wost general approachh to
thc peoblem of lightness difforences, A statement to this elfect
should be added to the principles of perceptibility differenco.

The curves in Tigure 5 veprescnt the digtributlon of the rveflected
Tuminous flwx of cherries and defects under an illuminant wiich pogscssces
equal énergy digtribution throughout the visible spectrum, With this
agswaed wniform 1lluminant the area under the respective curves (Figire
5) represcnt luminous veflectance and the ratio of the area under
the red ripe cherry curve to the arca under a defcct curve is the

contrast ratio. Since the curves exhibit differences with this
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theorstlically wniforn ddstzibublon of Illwninollion, olberling thc

tribubion of th~ 1l'walnablon wewld chongce She colative wces oodor the

CUEVesB. Lot ug conglder the possibility of eliminating the Zllumination in
Lot us consldcer the possibility of climinating the illuwainatlon in
“b;;alu roglong of the spectrum as a weane of lncrcasing the contrast
ratio. It appears that the contrass ratilo for the wader-color and brova
defocts could be Incrouscd by uwaing bthe short wavelcengths of 1ight up
to approximatcly 610 lu. This would cansc thosc defecta to appcar
lighter than the red ripe cherry. Likewise, the contrast ratio for the
dark defects, ranging from the brom to black, should be incrcased by
includlng only ths long wavelengthe of light from approximately 610 fo
720 Mu. This would rvesult in dark defects and 1lght cherrice. Tﬁesc
are theorctical consideraticns using an illuminant with wniform spectral
digtribution. In practical appilcations 1t is desirable, If possible,
to use commercially aveilablce i1llwainants, Thus, [urther analysis is

reatricted to comnon illuminants,

Comecrcially avoilablc illwainante, Three illuminonts represcnting

a wide range of specltrael digtribution were sclected. These werc: the
G. B. daylight fluorescent (Figurc ), with a layge part of its radiatlion

—

in the green and blue reglons of the spectrum; the G, L. deluxe warm
white fluorcscent (Figure T), with considerable radiation In the ,cllow
red region of the spectrum; and the 2910° K btungsten filement Lemp
(Figure 2) approxinetely 150 watt bulb, with o lavge amount of its
radiation in the red reglon of the spectria. The apectral distribution

curves for thesc laups were plobtled firom the tebular data which arc

presented in Table XVI. In Appendix III. These data wore used 1n
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caleulntlions for lhe reapoctive Zllusinants and clabtoirnis on spoobral
distribution epply Vo the tubulos doba (geo appendix III).

For an nnalysis of the gpeclrel distrilutlion of Uhe law’nous Ll
reflected {luminous refloctance) by cherrics and defects under thesc
illuriinants, the spectral disbtribution of cach illuminant was maliiplled,
waveband by waveband ot 10 L lucrvements, by the luminosity function
and by the reflectance curves for cherries and delfects, The resulbing
curves, which show the spectral distribution of the relflected Luminous
flwc for cherrics and the black and brown defects, are prescented in
Filoures 8, 9, and 10. The areca under these curves repregent the luminous
reflectance for the respective defect or cherry.

Table II giveé the contrast ratio and the relative luminous flux
reflected from the red ripe cherry per watt of power input for the three
illuminants. The highegt contrast ratlo for under-color defects is
obtained with the daylight fluorescent lamp and for black defects with
the tungaten lamp.

The relabtive luminous ilux reflectcd from red ripe cherries per watt
(Table II) is used as a measurc of the illuminant efficiency since
maximun lightnosg of the cherry surface is needed for incrcaging the
contrast ratio of dark defects. JAlso, thig should be a belter measure
than lumcns per wabtt since the rcflected flux from the cherry is essential
for visibility of the cherry itsecls, The reclative luminous flux reflected
per watt for the red ripe cherries was computed by mlitiplying
(z'ﬂ.a L'-\.Rl) for cheriries by the lumeng por watt for the illuminart.

The valnres L and R are both relative and E has units of microwatts pevr
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TABIE  TIJ

Contrast botios ane Selative Luwmdinous Flux Reflected
from Cherrles Illuminated by Fluorescent cr Incandescent Lamps

Relative Luminou
Contrest Ratio Pro Retleated
T1llumine, . ; DEN
wminent Under-coloﬂ Brown Black éiomgﬁed hlpow %
Defects Defects Defects erries per Wa
G.E, Daylight
Fluorescents 1/3.09 1/1.38 " 2.56/1 211
G.E, Deluxe
Warm White
Fluorescent 1/2.85 1/1.15 3.63/1 253
2910° K Tungsten
(Approx. 150 Watt
Filament Type
Incandescent lamp) | 1/2.52 1/1.0b4 L.ik/a 103

*This factor is used as a measure of i1lluminant efficlency since
high luminous reflectance from the cherry surface is required

to preduce high contrast retlios for dark defects and for increasing.
vigibility of the cherry 1tself,

10 o per lumen. Multiplying ( ZE;\ Ly Ry } by lumens per watt for the
illuminant gave a value of relative luminous [lux reflecled per watt
which con be compaxed for diffcrent illuminants. This comparison
agsumes that egual percentoges of light from cach illuminant i1s dirvccued
on the product.

fheoretical filters. Considcr the elimination of particunlar portlions

of the spectrum by usc of theoretical filters which abgorb all thc

radiation in selected reglons of the spectrum and transmit 100 percent
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of the 1Ight ilu ollier »oiione, Theve aic inro Lopeol Lans Jacioio he

. Py . copan n . e e . ) o .
vomerbory wwmcly, the contrast ratlo showld have o lavoe dopoobure Toom

wnity and the cfficicncy of the illiwucnsnt should be Wi, With thoso
factors in mind let us consider the porecnt of the sofleetod luninous
flue included by using only that part o the spuctiwu from some verlable
wavelcngth, A, to 720 Mu. IFor thies purposc the percent of reflected
luminous flux included from A to 720 L for cheriles end defecte arc
given by the curves of Iizurcs 11, 12, and 13 for thc three illuminants
conslicred. Sltated differently, these curves give the percent of the
total reflected luminous flux (luminous reflectance) included by using
only that part of the gpcetrum from AL to T20 Mu. Theoretically, the
remainder of the illumination from A_ to 400 Mu is filtored out complotely,
For high 1lluminant efficiency and for Increasged visibility of the
cherrics, the wavelength, A, on I'igures 11 to 12 should be selected o
include as much as pogsgible of the reflccted Tuminous flux from the
cherry. Algo, ab the samc wavclength, 2 , 1t is deslrable to rcad the
black and brown curves at o minimum value of reflected luwinous £l
in order to maxiuwize the contrast ratlic. Since both conditlons caanot
be satisficd at once, a balancc must be wade bebween the reflected
Tuminous flux rom the cheryy and the contrast ratio, As an ald in
attaining this balance Flgures 14 and 15 prescnt the contrast ration
for black, wder-color, and brown'dcfccts whon the illumination from
A Lo 720 Mu is included., Figure 1L ghows that very hfgh contrast
ratiocs arc possiblce for the black defccis although the luminous reflectance
18 reduced as more of the spectrum is elimlnated (Figures 1i to 13).

For brown and under-color defects thc contrast ratio can be increased

only slightly (Figure 15).
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Together Figuras 11 Lo 12 show the variou

g combinations o conbrost
rolios and porcent of lusdnous woflertance [oom choorisg and cilcriy
defects vhiich are DDluminated by theb part of the apcctiws T AL D0

720 M with the specificd 1llumincut. Thoge cwrves sghow thal She 2GLC0 L
tungsten lamp posscesses the greatest possibility of incrcaaing the contirast
ratio of dork defects. Using the curves CTor the tungsten lamp, 1T That
part of the 1llwalnation from LOO o 610 L weve climinated, O percent
of the totel luminous reflectence from the red ripe cherrics would

be included (Figure 13) and the contrast ratios for black and brown
defects would be 12,7/1 and 1.55/1, respectively (Figures 14 and 15).

In addition, the olimination of this portion of the spectrum would
greatly reduce thce adaptation level of the eyes, This lower level of
adaptation should provide improved wviaibility of thc cherrics slaco a
lower level of adaptation would be cloger to satisifying the condition

- of uniform field lightnecss,

This same analysis may bc applied tc the fluorescent illwninants
but with lese success in including an cgual. percent of the reiflected
luminous flux from red ripe cherries and at glightly lower contrast
ratlog for the samc wavelength, .

Since the contrast ratio for the under-color and brown dcfects was
increased only slightly, Figure 16 18 presented in order to congidor
the use of the portion of the spectrum from 2. to 400 Mu. TFrom these
curves the maximun contrast ratio for brown and under-coclor defects is
1/1.8 and 1/3.9, respectively. Using the G. E, daylight fluorcscent
lamp without filters, the correeponding ratios are 1/1.4 and 1/3.1,

respectively. Observing again Figure 5, 1t appears that no large
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increases 1In contrast ratio arc possible for thesc defecte by usiig
other portions of the spectruu.

In sumary, by application of filters to fluoresce.t lamps, the
contrast ratio for dark defects may be increasged conglderably and at
the same time a large part of the reflected luminous fiux from the red
ripe cherry may be Included. The 2910° K tungsten lamp shows the
greatest promlse in accomplishing these objectives, For the brown and
under-color defects it appears that the contrast ratio may be increased
only slightly by use of filters; the G. E. daylight fluorescent lamp
without filters gives nearly as good results as illuminant-filter

conmbinations.

Commerically avallable filters. In order to test the effect of

increasing the contrast ratio on the perceptibility of cherry defects,

it was necessary to obtaln filters which would increase the contrast

ratio for the dark defects,and compare the illumination produced in this
manner with regular illuminants. It was decided to use low cost gelaﬁine
filters for this purpose and a number of fillter samples were obtained from
manufacturers. A sample of cherries and defects was obtalned and viewed
by placing various filters over the eyes and observing the apparent
differences in lightnesas contrast, A total of seventy Iilters were used
in the observations. Twelve filters were chosen and their spectral
transmittances obtained with a spectrophotometer.* Also, four wratten

filters with known spectral transmittances were provided by the sastrern

*Trangmittance curves were run on the same spectrophotoreter as
discussed in the appendix for reflectance curves. Band width was
maintained at 12.5 Mu or less.



Fodal Company. Yhe biowi enl black defect contrest retics obtalied

by wpplying these gixtecn {iltcrs to C. ¢, deluxe warm white fluoicscent
lamps are listed in Table IT1. The calculations were madce at 20 1
increments. Since this increment is retlier large these ratios arc
congidered only asg approximations for selection of severel [ilters

for field tegt.

The higheet range of contrast ratios 1s approximately 1.6/1 for
brovn to 11,3/1 for black defects for filter B-29. Thig and other
contrast ratios show that it is possible to increase the contrast ratio
by use of comuerically available filters, From the group of filters
considered filters B-7, B-11, B-23, and B-G7 were selected for field
tests. In making these selections the contrast ratios, luminous flux

reflected from the red ripe cherries, and the appearance of the cherries

and defects by filtered light were considered.



TABLE 117

Contrast Fatios and Luminous Flux Reflected from
Cherries Illuminated by G, k. Deluxe Warm White Fluorescent
Lamp with Commercial Filters

Filter Used to Contrest Ratio Felative Luminous Flux
Cover Illuminent*® from Red Ripe Cherries
per watt *¥
Ercwn Black
Defect Defect
none 1/1.15 3.14/1 253
K-9, yellow 1/1.15 3.22/1 220
K-15, deep yellow 1/1.15 3.38/1 210
K-25, red 1.22/1 Tk /1 13k
K-29, deep red 1.62/1 11.28/1 87.6
B-6, rose pink 1.01/1 5.05/1 161
B-7, derk rose pink 1.04/1 5.52/1 148
B-10, light magenta 1.13/1 5.70/1 117
B-11, medium magenta 1.19/1 6.60/1 11k
B-13, rose 1.49/1 9.30/1 100
B-20, light purple 1.48/1 6.50/1 38.4
B-23, medium purple l.hl/l 5.90/1 52.5
B-59, amber 1/1.1 4.,00/1 186
B-60, dark amber 1/1. 06 4,36/1 170
B-63, spec. lt. red 1.14/1 6.35/1 133
B-65, medium scarlet 1.25/1 7.50/1 109
B-67, fire red 1.41/1 9,40/1 ol

* Filter numbers are those designated by the manufacturer, East-
man Kodek Co., Rochester, N, Y.; Brighem Gelatine Co,, Randcizh,
Vermont. "K'" indicates Kodak and "B", Brigham.

*¥ Calculations were made at 20 Mu increments.



PERCEPTIBILITY OF DEFECTIVE TOMATOES

Reflectance curves for red ripe tomatoes are presented in Figure 17.
In the discussion of tomato curves (Appendix I) it is noted that con-
siderable specular gloss entered into the measurements. Therefore,
the curves actually should show lower reflectance by approximately 5 to
15 percent. The lower value applies to the short wavelengths and the
higher to the long wavelengths. Laying aside this fact, the shape of
the red ripe tomato curves are similar to the red cherry curves. Some
of the defects are in the same range as the brown to black defectlve
cherries. No reflectance curves were run for defective tomatoes; however,
the reflectance curves for red ripe tomatoes indicate that the analysis
used for dark defectlve cherrles should alsc apply to dark defects on
tometoes.

Observations were made at two tomato processing plants ueing filters
over the eyes to simulate chromatic illumination. Dark defects and
green spots appeared very dark and the tomatoes much lighter when using
the same filters as employed in the cherry analysis., It wae noted that
the green spots should have appeared darker since the filters transmitted
very little green light, Thus, it is concluded that dark or green
spots on ripe tomatoes may be enhanced by use of filters simlilaxr to
those listed for cherriles.

The problem of removing defective tomatoes 1s not as acute as the
cherry sorting problem because fewer tomatoes pases the observers per

unit blme and the defective spots are usually larger,
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COLOR GRADING TOMATOES

The color grading problem for tomatoes was divided into two parts
in the introduction: 1. grading tomatoes which are shipped into the
state during the winter months into four color grades (green, light gink,
pink, and red) and 2. grading Michigan tomatoes for camning into grades
one, two, and culls.

For the former problem, observations were made of the various color
grades of tomatoes by using filters over the eyes to simulate chromatic
illumination, The filters were selected from the college stores supply
by use of a wedge interference filter which showed the color of illumina-
tion transmltted by each filter. The filter colors were straw, medium
amber, pink, light red, light megenta, dark rose purple, light blue, and
green,

In general, there was little effect on color or confusion of color
when filters were used over the cyes, Filters of low saturation gave
only small changes in colors and thoge of high saturation caused con-
fusion of certaln colors. It appeared that none of the filters used
would be suitable for grading tomatoes into four color grades.

After reflectance curves of tomatces were obtained it was noted
that the reflectance of the color grades varied with respect to each
other in several different regions of the visible spectrum (Figure 18).
Besildes, the reflectance for pink tomatoes had considerable variation
(Figure 40). Thus, it did not appear possible to enhance differences

between four color gradea by any single chromatic illuminant. It is not
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practical to use two or three types of illumination which would specializc
sorting along the belt since the relative number of each grade is quite
varlable. Referring to the previously mentioned coler principles, an
illuminant with a spectral dilstribution throughout the visible spectrum
should be used. No conclusions can bc drawn as to whether this illuminant
should be rich in a particular portion of the spectrum.

For analysis of the problem of grading Michigan grown tomatoes
into grades one and two, reflectance curves for the Rutger's variety
were run. Two curves from tomatoes of each of these grades are presented
in Appendix I. The average for each type is shown in Figure 17; red
ripe represcents nunber one tomatoes for canning and light red number two
tomatoes.

From these curves it appears that the illuminant should radizte
throughout the visible spectrum but may be espeéially rich in energy
in the region of 580 to 640 Mu., However, before making any definite
recommendations, additional reflectance curves should be run since these
curves are based on only btwo samples and their difference is small., This
is necessary in order to be sure that the correct reflectance curve for
tomatoes of the two grades has been obtained.

It is noted that the workers use firmness as a criterionfor separatl

&

these grades and that some operators are not aware of any particular
grading difficulty. Perhaps the nature and nced of improvements in this

type of grading should be invegtigated.



PROIUCT ROTATIOL

1t has already been shown that viewlng the entire aurfacc of the
product is an iluportant factor in attaining high sorting efficiency.
One common method of rotating large fruit {applos, potatoes, etc.) is
the roller conveyor. This piece of cquipment brings most of the surface
of the fruit into the worker's view and undoubted Ly th; gorting
efficiency 1s higher than attained on sorting belts which only translate
the product. Another method of rotating the larger fruit, spaced rods
which travel at a dlfferent speed than the sorting belt, was used on
a test machine by Malcolm and DeGarmo (11). Peterson (5) reported that
geveral methods had been attempted in cherry processing plants for
rotation of smaller fruit (approximately three-guarters inch in diamcter)
but no satisfactory solution was presented. The work presented here
was performed with cherries and should apply also to berriles and othexr
small gpherically shoped frult,

Fourteen devices were considered originally for rotating cherrics,
A sketch and description of operation was prepared for each. Thesc
were discuassed wilth many intercsted persons and four devices werec chosen

for preliminary tests,

Preliminary Test Using Marbles

In the laboratory four devices were tried for rotating cherrics on
sorting belts. Three of the devices, a rotating roller and two typecs of
deflection plates, are shown in Figure 19. The fourth device consisted

of & one inch pipe with a slit cut along one side. Air pressurc was
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applicd to the pipe and a sheet of air directed from the slit onto the
product.  Lhe drpact of Uhe high velocity alr causcd tho marbics to rel”
provided there war an empty space i the belt. However, air pressurc did
not appear to be economlcally feasible snd the workers would pirobably

obJect to the olr blast.

ITreliminary tests using the first three devices to votate 3/4 inch
diameter mavblcs «b various belt speeds are shown in Tablc IV. Cince
warbles were uniform in size and had different surface characteristics
than cherrics, these data were consldered only as an indication of the
efficiency for rotation of chervies.

Rotation of Cherrics

During the cherry scason two dovices were tested for rotabion

of cherries on sorting belts and a third device was tried in the

laboratory.

TABLE IV

Percent of Three-Quarter Inch Dizmeter Glass Marbles
Rotated by Devices on Sorting Belt

] 3/8" Diameter

yoroolty |EDofL. Piate Slaroe s 13" ver1. prate
£t / min Rotated Rotated Rotated Rotated| Rotated | Rotated
’ "] 90° or 150° or | 909 or | 1500 or | 90° or | 150° or

Loxre more more _more more aore

11.9 50 30 57 45 27 10

20.0 59 L2 95 91 21 8

25.0 19 8 98 32 31 11

30.0 37 2L 68 50 52 31

* Peripheral velocity of rotating rod was 37.k ft/min.
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acbating rod. A roller was mountcd across the belt wd vobtoaled Lo

cauge the cherries to go over it (sce Flaowe 12). The rolier wos mude
of & 5/1C inch stesl rod wrepped with friction bupe vaich served oe o
friction coeting (7/16 inch oversll diameter). The friction cooting
turned the cherrics as they were 1ifted over the rcller., The reviphoral
veloclty of the roller ranged from 25 to 60 fcet per minute, DBolb
velocity was 24 feet per minute.

The procedure for testes was as follows. Cherricy werc placed on
the belt one layer deep in front of the roller and bthe belt was run
for G 'inches in order to minimize friction on the stationary fruit guerds
(sldes of table) during the test. A mixture of white peint pigmeut
and flexible collodion was used to paint two rows of S0 chorries cach
across the belt. This painbt dried in one or two minutes and the belt
was started. When both test rows had passed over the roller the belt
%aa stopped .snd a count made of all cherries rotated 90° or more and
those rotated 150° or morc. Another count of the total nmumber of cherries
wag medo as the painted cherries were recmoved from the unpainted cherrics
before the next test. It should be noted that the 90° and 150° =zre only
approximate since the writer's Jjudgement was uvsed to determine vhis
factor. An effort was made to count cach test in & similar menner.
FPlates II and III show pictures which were taken boforc and after rotation
of cherries with the rotating rod,

Resulte of the tests with the rotating rod are shown ln Figure 20.
The efficilency of this device is shown by two curves which give the

percent of cherries rotated 90° or more and the percent of cherries

rotated 150° or more. The peripheral velocity of the roller wes twice
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th© belt velocity at maximum efficiency.

PLATE II. Before Test of
Rotating Rod. Fifty cherries
were painted in each row.

PLATE III. After Test of
Rotating Rod. Many of the
one hundred painted spots
were turned under.

PLATE IY. Stationary Rod.
Mounted on Sorting Belt in
Processing Plant. This belt

is lightly loaded with cherries
compared to Plate I.
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stationary rods. Teests were - rducted on three sizes of station-

ary rods (Figure 19) in the laboratory and st one processing plant using

red tart cherries. At the plent thae 1/8 and 3,16 inch rodz were left on the
belt during actuel sorting operation (Flate IV.)}. They operated satis-
factorily except for catching a small amount of trash. Cherries roteted

in front of the rod until other cherries forced them over the rod, This
eppeared to be reeponsible for much of the turning action.

The precedure for testing the stationary rods was similar to that
used for the rotating rod. The correct percent of the belt covered
with cherries wes obtained by covering one secton of the belt with
cne full layer and then spreading the cherries to twice or four times
this area to cbtain 50 percent and 2% percent cover, respectively. The
rods were mourted tightly aguinst the belt and the belt surported under
thsz ofd by a flat metal plate,

Preliminary tests showed that the 3/32 inch rod was rather in-
efficlent; therefore, it was eliminated., The data for the 1/8 inch
and the 3/16 inch rod are shown in Figure 21, Each plotted polnt for
"variable belt speed test" represents 100 cherries and each point for
the "percent of belt covered test" represents 200 cherries for the
1/8 inch rod and 400 cherries for the 3/16 inch rod.

From this data it appears that the 3/16 inch dismeter rod is
slightly better than the 1/8 inch rod when the belt is not fully covered
with cherries. It is shown by the left grour of curves that the
efficiency decreases as the belt speed increases, Als0 bcth grours of
curvesg indicate that efficlency is lmpioved by decreasing the concentra-

tion of cherriecms on the belt,
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The two sets of data in Figure 21 arec uot in close agreemsut,
egpeclally for 100 percernt cover, This is attributed to the fact that
the cherries used in the test for the left set of curves were more
uniform in size. In any case, the efficiency is rather low when the
belt is fully covered with cherries.

Deflection plate.. No actual tests were conducted on the use of

deflection plates to rotate cherries; however, a deflection plate was
inserted on the belt in the laboratory and cherries run over the plate.
In the limited observations, the cherries went over the plate without
crushing. This type of device may have gome advantage over the station-
ary rod since its larger friction surface should have a tendency to
cause more rotatlion than that of the stationary rod, especially 1f the
belt is fully covered. However, it may have greater tendency to collect
trash and become cbJjectionable from the standpoint of sanltation. Some
dead cherry stems were caught under the statlonary rod during regular
plant operation. If the defleétion plates could be mounted with hinges
in order to facilitate cleaning, they may be as satisfactory in this

respect as the stationary rods.



OTHER FACTORS IN SOKTING EFFICIENCY

There are a number of factors other than lighting and rotatior of
the product which may affect the sorting efficiency of cherries and
tomatoes. Malcolm and DeGarme (11) investigated the nine factors listed
in the review of literature.

Rate of Inspection

The highest rate of inspection tested by Malcolm and DeGarmo (11)
was 500 specimens per minute. The ihspection rate for cherries is at-
least twice this value in many plants. This 18 expected since cherries
are smaller, However, it appears that a better standard for the rate
of inspection would be the area of fruit passing a worker per minute,
Such data would have more general application since the size of fruit
would not be included in the measure of rate. It seews that this
meagure should be in agreement with the ildea of cone of disgtinct vision
and for pattern of eye movement.

Another basis for rate of inspection might be the number of defect-
ive specimens passing a worker per unit of time. If this factor were
defined, the processor, knowing the approximate quality of the fruit from
inspection at the recelving station, should be able to regulate the flow
of the product according to percent of defective frult. The advantage
of this procedure would be that the workers could be provided with
enough fruit to keep their hands busy removing defective fruit. This
should increase labor efficiency,and future research might well consider

these pogsibilities.
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Viewing the Bntire Surface of Product

.In addition to rotating fruit as it moves along the sorting belt,
gome cherry processing plents have a problem of gpreading the fruit on
the belts and preventing 1t from riding too close to the fruit guards
which obstruct the view. One plant in which the writer worked used a
gplitter at the head of the belt to divide the cherries into two groups.
This appeared to help some in spreading the cherries. Also, the devices
developed for rotation of fruit helped spread the cherries over the belt.
The two rows formed by a splitter and the spreading effect of the station-
ary rod may be seen in Plate IV, This sorting belt is rather lightly
loaded (perhaps 20 percent cover).

For fruit which rides too close to the fruit guards baffles may
be uged to force 1t away from the aldes.

Some processors have noted that workers often reach to the far
slde of the belt to remove defective fruit. It appears that a part-
ition down the ceuter of the belt may be ugeful for limiting the width
of view and preventing workers from watching the other side of the belt.
A center partition has been used in some plants but 1t is not kmown
whether its use improves sorting efficiency. Perhaps this factor could

be included in future research.

Sorting Cherries by Transmitted Light

Looking to the future it appears that cherries, due to their trans-
parency, may be sorted by transmitted light. Some obgervations were
made in the laboratory using pitted and unpitted cherries on a glass

plate with two to four 150 watt incandescent bulbs underneath. A picture
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-2

of the arrangement is shown in Plate V. Unpitted cherries are shown on
the left, ﬁhder-color cherries in the center, and dark defective cherries
on the right of the picture.

When the cherries were viewed normal to the surface of the glass,
pexrceptibility of defects was greatly reduced due to glare caused by
the lamp bulbs even though defusers were used over the bulbs. Therefore,
viewlng at such an angle that the bulbs would not come into the field
of vleion was absolutely emsential., Perceptibility of dark defects was
increased when the bulbs were not in the field of vision. Perceptibility
of dgrk defects was increased slightly more by placing filter B-23 under
the glass plate or over the eyea.

It occurred to the writer that viewing the cherries by transmitted
light, at such an angle that no direct radiation is recelved from the
lamp bulbs, gilves to some extent the same effect as eliminating a large
paxrt of the blue and green portions of the spectrum., This follows by
reasoning that the glass will transmit a large part of the radiation but
that some diffuse rays will be reflected and reach the observer's eyes
indirectly. For the rays which strike the cherries most of the green
and blue wavelengths are absorbed and only the red wavelengths are
transmitted., The red light is then diffusely scattered by the cherry
and received by the eye. Where a dark spot occurs most of the radiation
in the visible spectrum is absorbed. Thus, the eye reccives some
raediation throughout the visible spectrum but receives only long
wavelengths of light from the cherry itself., It is belileved that the
principle of sorting by transmitied light is rather similar to using a

f1lter with transmittance similar to the cherry reflectance cuwrve fronm



PLATE V. Kodachrome Picture of Arrangement-

for Observation of Cherry Defects by Trans-

mitted Light, This sample was illuminated

from above by two photoflood lamps.
approximately 600 to 720 Mi and with a small amount of transmittance
from hoo to 600 Mu.

The level of illumination necessary to increase perceptibility of
defective cherries by transmitted light is rather high. It appears
from observations that the perceptibility of dark defects in cherries
is equally enhanced by reflected light if an equal intensity of illu-
mination is used with a filter eliminating the green portion of the
spectrum as discussed previously. This statement is based on rather
limited observations and perhaps further investigation of sorting by
transmitted light would be justified.

Fluorescence of Defective Cherries

It is known that certain types of organic decay will fluoresce if
irradiated with ultraviolet energy. The writer used a high pressure
mercury arc lamp which has a group of spectral lines near 3”5 Mu to

irradiate brown and black defective cherries. However, with the eyes

dark adapted, there was no visible fluorescence from the defective cherries.
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specular Gloss

J

Duc wo vhe suwoobh surlace of cnerrise and tomatoes, non-selectlve
specularly refischbed light {specular glosg) producesd wn limge of thc
Light source on euach plicce of frult. Folnb sourcea of light will
cause these lmases Lo be quite distinct., Liclice illumination minimizes
effects of séécular gloss and lmproves percepiion of gloasy gurlaces ,

This should be casicr on the eyes.
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field tesis were conducbed at three caerrcy processing plante.
Procedure [or the tests was ag follows. 1wo sorting belts which were
as neariy alike with respect o colov, speed, rocation, etc. were
gclocted, An equal mudber of workers lnaspected .the cherriecs on each
belt. TFilters were placed over the illuminant on one belt and the
other ﬁelt was‘operated with the same type of illuminant without =z
filtex. On the test with fluorescent lamps, the nuiber of tubes was
tripled where filters were applied. Tor incandescent lamp Lests,
the nuwmber of bulbs was doubled for the belt with bthe filter,

In operation, a cherry sample was btaken before the cherries
were sorted. Another sample was taken from the same batch of chervies,
after sorting, ot the end of each sorting belt. In ofder Lo take samplez
from the same batch, the time required for a cherry to travel from the
firet sampling location Lo the end of each sorting belt was obtained
with a stop watch. An ordinary watch was used to time the spacing of
gamples, Samples were marked with code letbters to indicale their
locations and gilven to a sample inapector to separate and classify
the defects.

The U.3.D.A. inspector at the plant helped train the sauwple
inspector to properly classify the various types of defects., Checks
were made with the U.J.D.A. ingpector when doubt arose, until the sawple
inspector was throughly familisr with the defects. Code mavriings

eliminated any chance of preJudicial opinions on the part of the sample



inspector who had to make the critical declision of the classilication
of maJor and minor defects,

An effort was made to ecliminatc any effects due to dificrences in
worker effilciency and differences duc to belta. In order to accomplish
this, the chromatic llluwslnants were used on cach of the beat belbe lor
one-helf of each test., It is believed that belt and worker differenccs
were sﬁccessfully eliminated in the tests at the last two plants.
Complications at the first plant will be explained later.

Another varldable was the variation in the percent of defects an&
the type of defects. S3ince the sample was taken from the same batch
of cherries from both belis, 1t ls assumed that these factors had
negliglible effects on the results.

At times the flow of cherrles to the plant fluctuated. This
cauged the flow of cherrles to various sorting belts to be uneven.
Usually the flow smoothed out soon or the operator changed the regulators
to adjust the flow. No corrections were possible for this variable but
the flow ilnto the plant on the main belt was observed before taking a
sample in order to avoid takling samples during any noticable fluctuation.

The plant wag allowed to operate at least 1D minutes before any
samples werc token., This permitted the flow regulators to be adjustced
and allowed time for the oyes to adapt to the prevailing visual conditions.

Illumination was measured with a Weston Model 614 light meter
(AE-763) which compared closely with the recently calibrated General
Electric type P-12 light meter (AE-1567) and an approximate correction
factor for chromatic illumination produced by each illuminant-filter

combination was calculated and applied. The correction factor (F)



was deltermined from the following ratio:

Z(IlaLsz) C® Hetor reading (with Tilter)

E(E1 L) Meter reading (without filter)

The ratic on the leflt-hand side of the cqual sign ie the luminous
transmittance of the filter. The ratio on the right-hand side (omitiing
F) is the luminous transmittance of the filler as delermined by the
meter, The correction factor (F) is a multiplying factor to be used
for correction of Weston light mster readings, specifically readings
of meter AE-763 which is not corrected for color. It shnould apply

approximately to obther uncorrected light meters.

Tests at Plant 4

The arrangement of the sorting belts in plant A and the sampling

" locations are shown in Figufe 22, This plant was chogen mainly bccausc
there was very little interference from outside daylight., With all
lamps turned off the illumination falling on the sorting belis was

less than one foot-candle, The belt illuminant consisted of 40 watt
T-12 standard cool white fluorescent tubes mounted end to end approxi-
mately 16 inches above the belt. A curved piece of sheet metal served
as a reflector above each tube.

The reflectors were painted with o good grade of white paint and
the standard cool white tubes were replaced with G. E, deluxe warm
white tubes. On one belt two extra tubos were mounted on the flanges
of the reflector; this gave almost three times as much 1llumination as

one tube. The filter was mounted over the three tubes of the illuminant.
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As explained previously four filters were choscn firow the cale
culations and obscrvations. The statistical arrangement of the tests
were planned as follows:

Four filters: 1,2,3, & &

Two belts: a % b
Two crews: A & B

Period

of day lut day 2nd day 3rd day L4th day
1 lalA 2a8B 3b A 4D B
2 3aB Lhaa 1B 20baA
3 4H4DPA 3bDB 2 a A 1la3B
L 2B 1bA L a B 3aA

The filteors used and the approximate illumination on the belt
are shown in Table V. (Spectral transmittance curves for these filters
are premented latcr). Black belts were used and the belt speed was

20.4 feet per minute.. Dleven workers were used on each belt.

TABLE V

Filters and Illumination for Tests Using
Deluxe Warm White Fluorescent Lamps at Plant A

(F) Approx. Raage of
Filter Factory Designation HMeter coxrrectilon Lliwnination on
factor® belt({foot-caniies)
1 B-23, Medium purple Ok 25.41
2 B-1l, Medium magenta 0.0 5301
3 B-7, Daik rose pink 0.0 3512
4 | B-67, Flre red 0.5 3343
none comparsion illuminant 0, g%t 80-120

* Egtimated 10 percent accuracy
** Reference (25)
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Daring the lirst day, samples of approximatoly 100 chcrrice wore
taken at sach sampling station. With this eize sample the variaticn
in percent defccts was 80 great that occasionally there were rore
defects in the sorted cherries than in the unsorted cherries; samples
taken thercafter consisted of 300 to 400 cherries.

The tests were continued for two days taking the larger samplcs.
The results from these tests werc inconclusive since only one-half of
the test block was completed. The summary of totals for the number of
cherries and for the nuwber and percent of major defects (both brown
and black) in samples are shown in Teble VI. Theoretically, all filters
should have improved the perceptibility of the black defects and any
brown defects which were darker than brown rot. Actually, the results
of the incomplete tests (Table VI) indicate sorting efficicncy was
Linproved for both brown and black defects when using filters B-1l and
B-67 but that sorting efficiency wae decreascd by use of filter B-7.
Results for filter B-23 indicate that sorting efficiency wag lncreased
for the black defects and decreased for the brown defects.

In addition to this inconclusive data, opiniong of the worker's
were baken. It was evident from their comments that filtcr B-57 would
not be succcssful even though the produced illumination indicated merit
for enhancing the defects., Some workers complained of eyc strain aud
headachces when this filter was used over the illuminant. About the
same complaints, cxccept not as severe, were leveled against filter B-T.
This filter had indicated no merit in the test. Thus, it was decided
to eliminate these two filters from further tests and to move to a

different plant with a new set of workers who would not be Influenced



TABLE VI

Svmmary of Test at Plant A Using Deluxe Warm
White Fluorescent Lamps and Filters as Indicated

Total Total Brown |[Total Black | Percent Sorting
Illuminant cherries Defects Defects Efficiency*
in samples
No, % No. % | Brown Black
Before Sorting 3180 136 | L4.28]| 94 2.95
No Filter 3183 69 2.16 51 1.60 49.6 5.3
Filter B-7 2977 67 |2.25] 63 2.12 | 47.4 28.1
Before sorting 2658 119 | 4.4C |99 .72
No Filter 2576 9k 13.65 |50 1.94 | 18.4 W17
Filter B-ll 2658 51 |1.92 |41 1.54 |57.0 58.6
Before Sorting 2623 138 }5.25 |79 3.01
No Filter 2821 77 l|2.72 | 65 2.30 |48.1 20.3
Filter B-23 2680 122 4,55 | ko l.k9 |11.5 | 50.5
Before Sorting 3058 138 |L.52 |91 2.98
No Filter 2932 89 |3.04 |51 1.74 32,7 h1,7
Filter B-67 3069 6k |2.06 |39 |1.27 |54.0 57.3

* Sorting efficiency i1s defined as 100 percent if all defects are
removed.
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by the adverse coumenls conccrnliry Filtors .~

Tests at lont B

The arrangement of the sorting bclts'and the sampling Jocations for
this plant arc shown in Figneve 27. Incandescent filament lamps were
used in an Inverted trough fixture vhich was approximately ten Inches
acrossg the cpening and cxtended the entire length of the sorting belt.

Illuminotlon from vhrec spectral diatributions arc given below.

The appropriatc corrcetion factors were applicd.
1. Skyligﬂt varicd with the time of day and location

(30 fcot-candles wae the maximwm from measure-
ments abt beginning and cnd of teats).

. Light from 6-100 watt bulbs variod with location
on the sorting belt from 4O to 80 foot-candles.

2. Light from 12-100 watt bulbs with filters were:
Tilter B-11; 20 to %0 foot-candles (F= 0.6)
Filter B-23; 12 to 25 foot-candles (F= 0,%)
L. Other pertinent information ls as follows:
Belt gpeed: 20,7 f{cet per minute
Belt color: white
TMuber of workers: six per belt
Bach sorting belt had an Individual feeder. With this arrangenent
it was neccssary bto takc o samplce before and aftor sorting for cach
belt. Thus, Tour samples instead of three werc taken., The belt was
timed as beforec and samples were taken from the same batch of cherries
before and after soriing:. Tach cherry sample was taken in three parts
with 100 to 150 cherrles in cach part. Thig prevented taking too many

cherries from cnc location on the belt, which would disrupt cven flow,

and distributed the time of taking the samples over a longcer period.
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The test time for cuch Tilter was four hours. AT the ond o0 %

v -y -
BN GRS S VT § 502

Tirst two hours the ertro bulbe od D114

- - RN 3 Kl
...... L boy wene awitehnd

woothe ol
bzlt,  The worlore wenained in the'v pogtiions. ™ung, cach crew of
workcrs and cach belt weorc used with the chromatic illumination for
onc-half of the test. Four samples were teken from cach sampling location
during cach two hour period of the test (one-half the test). That is,

for the four hour test for each filter, cight samples were obbtained for
each illuwminant.

The totals of all samples and pcrcenbages of maJjor defects arce
shown in Tablo VII. Only thc major defocts wore counted in the tegt.

For determining tho(porcent removed, each belt was considered independently
since oach belt had an individual fecder. (Actuwally the cherries came
from the same large storage tank). The percent sorting cfficiency was
congldered 100 percent 1f all defective cherries werc rcmoved. The

results shown in Table VII were not statistically significant at the

95 percent coni'ldence interval,

There was one complaint about the illumination produced by filter
B-11. The vorker stated that the illumination caused dizziness; however,
there was no general diglike of the 1lluwmination. The illuwmination
produced by filter B-23 was well liked by the workecrs. Several workers
made favorable comments concerning the lmproved perceptibility of defects
and some stated that thig illwdinant was easicr on their eyes than Tthe
regular illuminant. There werc no complaints of dizziness or hcadaches
when using filter B-Z2.

Since the illumination produced by using B-23 showced promise of

being superior to the regular illumination provided by incandescent



TABLE VII

Sumary of Tests at Plant B Using 100 Wett Filament
Type Incandescent Lamp and Filters as Indicated

Total Me.jor Defects Percent
Cherries Sorting
in Total Total Efficicncy®
Samples Brown Black
No. % No. % |Brown|Blac!:
No Filter 27.3 132.0
Before sorting 2657 105 |3.96 |50 1.88
After éérting 2739 79 g;§§ 35 1.286
Removed 1.08 0.60
Filter B-11 7.4 1.7
Before sorting 2771 . 131 |h.7h | 5T |2.06 .
After sorting 2590 89 |3.44 | 31 1.20
Removed 1.30 0.4
No Filter Lo.1 [39.8
Before sorting 2825 124 14,38 | 82 j2.89
After sorting 2818 T |2.62 | 49 .7k
Renoved 1.76 1.15
Filter B-23 L3.2 Bl1.3
Before sorting 2795 128 [4.58 | 69 PR.4T
After sorting 2825 67 [2.37 |1 p.bs
Removed 2.21 1.02

*Sorting efficiency is defined as 100 percent 1if all defects are

removed.



lemps, both from the stundpoint of sorting efficiency ano workcrs'

cholcec, furcher tests werc desirable.

Tests at rlantc g

The arrangement of the sorting boits and the locations of szmpling
stations are shown In Figuve 24, Incandcecent filament lanpe worc
uacd on the teet belts, The lighting {ixtures were slmilar to thosce
at plant E. All the bulbe werc changed to nsw 190 watt bulbs and
double sockets werc used to mount twice as many bulbs ir the Fixbure
with the filteur.

I1lumination of three different spectral distributions falling

on the belts were as follows:

o

. Skylight vardied with the time of day and lccation on
the belt vp bo 15 foot-candles.

r

. Light fiom €-120 watl bulbs varied with location on
the Delt recw 52 to 120 feot-condles wilth an average,
from 16 readings at sclected locations on the belts,

of 78 foot-candles.

)

. Light from 12-150 watt bulbs covercd with filter D-23
produced. from 12 to 37 foot-candles at varioue loca-
tione on the belts with an average of 26 foobt-candlcs
from 18 fuadings at the same lccations as for ©.

(F = C.5

Iuring the first test light rair wasg falling and the
skyllghc illumination was very low.

Additional plant information is as follows:
Belt spoed: belt "a'" 20.4 foet per minute
belt "p" 21.8 feeb per minute
Belt color: white, but slained tan
Lumbcr of workers: 4 to 6 (seme muuber on cach bolt)
Filter B-23 was bLeated for six flve-hour perleds. The chromatlc

itlumination was used on cach belt for cne-half of cach five-hour poeriod.

During cach five-hour test, six samplcs of approximately LOO chervics
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S, PR B T T . y . o f - ~ — -
coch viore talion ob cach seopling station {ees Tisese 26y, Duch Sug -
wes Lalien In Tour l,s,;,}_"l,ij R 8] OB (U T ’Lb-' 00 chierrios oot Tnis Atgn ot

the sempling over o longer Doriod and resultod in Hroupiing o Tale,
batch of cheoivies,

Tho resulis of the tosts are shown in Lable VIII. Ono Civo-iour
teat porlod was climinated from the resulve Locause the defoecte wore
so nuacrous thot all workers could locatbtec woie defects wndor oithcr
I1lwminant than thoy could poasibly remove. It might e noted hero
that there wre two conditions {oir which an improved illuminant would
shov no incrcasc in corting cfficicncy; nomely, when there are so many
defeclts that the workcre can sce more defcectes than they can possibly
remove, and vhon the defecte arc so few that the workers have extra
time to look for the next onc to pick out. The latter may have boen
true for gome of the sawplos at the previous plant. All sawmpleos and
the defecte counted for each ave listed in Appondix I1 for tho readcr's
inspoction.

Tho rosulita of the tests comparc rather favorably with the theoroti-
cally calcwlated contrast rallios, IFor the minor defects there wes a

fo.

decrcase in morting cfficiency of 1, percent (not statistically
gignificant) and if we consilder the reflectance curve of the undor-

color chicrry as rvervesentive of thesc defeels, this contrast ratio ig
docreascd from 1/2.52 to 1/1.93 by usc of filter B-23 (Table XI1).

For brown defects, the increasc in sorting cofficiency amounted to 7.C
percent (not statistically significant) and the contrast ratlo increascd
from l/l.oh to 1.50/1 for tho filter., Actuslly the brown defects counted

)

at the plant were a range of browns which in general covered defccts

[
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TABIE V1IIT

Summexy of Test at Plant C Using 150 Watt Filament
Type Incandescent Lamps and Filter B-23 as Indicated

Mipor Majoxr Defects | Total Major Defects
Defecte
Brown | Black|] By count | By weight

% defects in field
cherries before sorting| Uu.3% 6.65 2.481 9.13 8.61
Sorted under regfilar
light

% removed 0.76 0.93 0.78] 1.71 1.57

% sorting efficiency| 17.° 14,0 3L.4 | 18.7 18.2
Sorted under filtered
light

% removed 0.70 1.45 1.14 ] 2.59 2,44

% sorting efficiency| 1.1 21.8 46.0 | 28.4 28.3
% removed filtered
light minue % removed
regular light -0.C6 0.52 0.36| 0.88 0.87
% sorting efficiency
filtered light minus
% sorting efficilency,
regular light -1.4 7.8 14,6 9.7 10.1
% improvement in sorting
efficiency ueing regulaxrx
light as 100% e 56 46 51 55
¥Statistical t-values
for samples 1.18 1.65 z2.21| 2.19 247

* For statistical significance at the 95 percent confidence interval
t= 2.0k,
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mich Carier thoa Lhe defects vaecd to obta’n the rellechuics CLowv s Tol
browr. Thug, the Loown defocte Tor the calculatlons wors not Lo some
wg the range of brown defocbs countad at the plant.

The type and percent of brown defects varied considerably diuving
the test., During the first two five-nour tests the dorl brown defechs
wvere rether nuwerous and the £iltercd light showed 2 consildcrablo
advantage over the regular light, Ab othor tlmes, especially when
mutilated cherries were prevalent, the regular light sccmed Lo show
an advantage. Not conough samplos worc obtained to establish this
observation, Also, the indication for plant A was negative for filter
B-232 where mutilated cherrles were noted., Thig clearly indicates that
filter B-23 is pcor for perceptibility of mutllated cherries and good
for perceptibility of dark brown defects.

For the black defects there was an increase in eorting efficiency
of 14.6 percent (statistically significant at the 95 percent confidence
interval) and the contrast ratio was increased by use of the filter
from 4, 14%/1 to 5.72/1. Apparently, the results for each type of defect
compares well with the calculated contrast ratios.

Totals of major defects (i.c. black plus brown defects) are zlso
shown in Table VII1. The Increase in sorting efficiency for the toltals
was 9.7 percent (statistlically significant at the 95 percent confildence
interval). The total defects were also obtained by weighing the black
and brown defects. This is the measuvrc used by U.S.D.A. inspectors at
the plant. The data shows that the percent of defects are slightly

less measured by weight. The difference 1s probably due to a decrease

in welght for defective cherries either from drying or mutilation. The
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results show an increasc In sorting efflcleacy of 10.7 percent oz bhc
totals by weight (statiétically significant at Hnce €O perecnt coniidonce
interval),

In the final anclysis there may be some question as to what ucasus:
should be used for illuetrating the improvement brought about by usc of
chromatic illumination. Referring to Teble VII11 there are several
measures given: 1., the difference in percent of total cherries
remcved under each 1lluminant, 2., the difference 1n sorting efficiency,
and 2. the lmprovement in sorting efficlency using the regular illuminant
as 100 percent, The first criterion shows how many more defective
cherries were removed in percent of total cherries moving across the
belt; for example, 0.88 percent of the total cherries (column ).

The second shows increase in percent of the defects removed; e..;. 9.7
percent more of ‘the maJjor defects were rcmoved (column Y4), The third
shows the magnitude of Improvement in rercent. For example, a sorting
efficiency of 28.4 percent is an ilmprovement of 51 percent aver a
sorting efficiency of 18.7 percent.

A survey of the workers ueing the chromatic illuminant yielded
the following informstbion:

1., Did the chromatic 1lluminabtion bother your eyes? yes-3, no-l,
better-5. The five who stated that the chromatic illumination was
better than the regular illuminabtion stated so without being asked.

2. Can &ou see the defects better with the chromatic illumination?
For black defects: yes-l4, equal-k, no-0

For brown defects: yes-3, equal-9, no-b
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2, Do you like the chromabtlic ilumination? yes-ll, ciual-2, no-b,

From as objective a view asg possible, the writer would omlt thooo
of the workers! statcments which tended to disgqualify the chromatic
illuminant on questions 1 and 2 because these workers did not appear

to be sincere in thelr answers.



PURTHER ARATYSIE OF CHERRY ONTING

Since the flcld test proved to be statistically significant, it was
decided to Investigate several additional illuminant-filter combinations
in an effort to find a satisfactory combination with higher illuminant
efficlency. ©Such a cowbination must haveat least an equivalent contrast
ratio and be psychological acceptable to the workers., Also, the reflectarce

of the sorting belt and its effect on adeptation remains to be discussed.

Pgychological Reactions to Chromatic Illumination

During the fleld test the workers made definite complaints against

the use of red illumination (filter B-67). The following two accounts
support this finding. Mr, Lloyd FPhillips (26) of Michigan Fruit Conners
Inc. used pink fluorescent lamps over cherry sorting belts. He stated
that the workers on the belt cbjected to this illuminant even though 1t
did show up the defects better, Also, Mr., R, A. Rice (27) of the North-
port Cherry Factory, Inc. wrote the author as followe ," We tried pink
fluorescent lighting through red filters on one of our four belts in

our Port Clinton Plant, Although this lighting definitely emphasized
the defects on the fruit we were forced to discontinue its use because
of obJections on the part of'the ladieé working on the belt; they claimed
the lighting was hard on their eyes, as 1t wag difficult for their eyes
to adjust whencver they looked up from the belt." It appeared, then,
that red illumination waes definitely unsatisfactory; whether the reason
for the workers! complalnts was psychological or physiological wee not

established.
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The transmittonce curves for the filters which registered coumplaints
from the w.rkers are shown in Figurc 29. The fllter used to rreiuce red
illumination, Bu€7, transmits practically no energy at wevelcrnoths
shorter than 570 lMu, The strongest complaints were leveled againegt
this i1lluminent. The next illuwinant to be climinated, partially because
of workers' complaints, was filter B-7 which transmits the short wave-
lengths of light only slightly. Finelly, filter B-1] was eliminated
with only one workexr's complaint againet it, This filter transmits
conglderably more of the short wavelengths than B.7. No actual complaints
were reglstered against the medium purple filter, B-23, although four
workers stated that they preferred the white illuminant when asked to
express an opinlon. Filgure 26 shows that B-23 trensmits almost as well
in the blue region of the spectrum as in the red. Although one cannoct
say definitely, it appears that some illumination from 400 to 500 Ma
mst be included with strong illuminstion in the region of 600 to 720 Mu
in order for the illuminant to be scceptable to the worker.

In an effort to show the appearance of cherries and defects under
the different chromatic illuminants, Plate VI 1s presented. The pictures
do not show the true colors and lightnesses because of differences in
the spectral response of the cye and the film, and because the adaptation
of the eye could not be included. The pictures were taken by using two
photoflood lamps for illumination and placing the filter Indicated over
the lens of the camera, The increase in contrast does not appear in
the pilctures nearly as clear as for viewing with each chromatic 1lluminant;
however, it is noted that the cherries do appear lighter where the filters

were used. Thé/differences in pictures can best be distinguished by
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No Filter B-7 B-11 B-23 B-67
PLATE VI. Kodachrome Pictures of Cherries and Defects Using
Various Spectral Distributions of Illumination. The
filter indicated was used over the lens of the camera.

From bottom to top: red ripe cherries, light red cherries
(not defects), black defects, and a range of brown defects.

following one defect through all pictures. The color reflected from the
background indicates somewhat the color of the filter.

Recognizing the psychological difficulties, additional filters
which transmit radiation from 1+00 to 500 Mu were considered. These were
filters B-18, B-19, B-20 (Figure 26 and 27) and four theoretical filters
(Table IX and X) . It appears that these filters should satisfy the
requirement of including radiation in the blue portion of the spectrum.
However, only filter B-23 has been tested in the field and found to be

free of any serious criticism on the part of the workers.

Contrast Ratio and Illuminant Efficiency
The contrast ratio and the relative luminous flux reflected from the
red ripe cherry per watt for the illuminant-fliter combinations, which

appear to be psychologically acceptable and those which were rejected,



IN PER CENT

TRANSMITTANCE

100 :
T T o] T T
! _Jnvr - ¢ ik* D 1~4| , | % -
90 : . |
- { ! + ___;#V*H‘
] RN
- 1 [ S -
80 |t \ ; 1
—t i
| } T
[ \ !
70 b \ — ;
) , ]: { ; ‘ -
\— 4
X[ i BN |
€0 : l | yT ‘ ‘ f
N\ \L: o
; te=tof |f-18 r
) I i 1 ’ \l ; _-} ]
‘\ 1 = R 5
T [ —_r -~ —t— *i“ - — T -
| 1 | : . | i
\ qprr T T
- - R A -—T F—-+——
40 \ — ‘( ! lT {
| ( L JA 47‘;,fJ.,,;,,* bom
\ T IR I
T RN
30 Q — F
R S .!_... -+ 1 _‘# B *T_ 4 N
\\ 3 R
\\ / w
20 —
iSEERE
‘ N
o St 1 i
ot 41 4 R S N
o l ]

400 20 40 60 80 500 20 40 60 80 600 20 40 60 80 700 20
WAVELENGTH IN MILLIMICRONS

FIGURE 27. SPECTRAL TRANSMITTANCE CURVES
FOR GELATINE FILTERS



104

TABIE IX

( Cogtrast Ratios and Pelative Luminous Flux Reflected from
Cherrics Illuminated by 2G10° K Tungsten Lamp with Theorctical Filters

Range of Wave- Contrast Ratios Relative Luminous Flux
Filter lengths Reflected from Red
(incéésive) Brown Black ﬁiﬁi Cherries per
U Defect Defect
A L00-500 &
600-720 1.36/1 9.3/1 Th L
B L00-500 &
610-720 1.50/1 11.0/1 67.3
c L00-500 &
620-T20 1.63/1 12.6/1 57.7
D 400-500 &
630-720 1,74 /1 13.9/1 46,2

'.4,4‘1;%'1_;1": .t‘,
skl LCInuive Luelaoun Flum e tecbed S
o T I N R S PR LT, bl Sy~ - e
3 b.: e e s LOJALSG ey o luorcescent

Ty T N o T by

Teawnp with Theoretlical iltors

Contrast Ratios Relative Luminous Flux
Reflected from Red Ripe
Filter Range of Wave- Cherries per Watt
lengths
(inclusive) Mu Brown Black
Defect Defect
A L00-500 &
600-720 1.24/1 8.2/1 170
B 400-500 &
610-T720 1.k0/1 10.0/1 1T
C 400-500 &
620-720 1.56/1 12,0/1 115
D 400-500 &
630-720 1.70/1 13.7/1 81.6
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are ghown o Weble I, I, ZI. Calculations for thease values were rade
at 10 Iw increments. The problem is to obtain a balance between contrast
ratio and illuminant efficiency. (llote the illuminant efficiency is
measured by luminous flux reflected from the red ripe cherry per watt
input to the lamp). From the standpoint of illuwinant efficiency and
contrast ratio the G. I, deluxe warm white fluorescent lamp with theoretical
filters as lisgted in Table X was the best illwminant-filter combinstion
found in analysis. For the commercially available filters, Table XI
shows that the deluxe warm vhite fluorescent lamp has the highest
efficiency but possesses slightly lower contrast ratios than the 2910CK
tungsten lamp, There are several pogsible illuminant-filter combinations
which might be chosen from this table., Filter B-19 offers an advantage
in illuminant efficiency, especially for the G. E. deluxe warm white
fluorescent lamp. On the other hand, B-20 produces a much greater
contrast ratio when used with the tungsten lamp but its efficilency is
rather low. Thus, for high illuminant efflciency with some increase
in contrast ratio the G. L. deluxe warm white fluorescent lamp with
filter B-19 may be satisfactory. If a higher conbtrast ratio is desired
filters B-20 or B-23 with the tungsten lamp would be a better choice.
Since no defilnite decision could be made on the cholce of an illuwminant-
filter combination, it was decided to compare the appearance of cherries.
and defects using filter B-23 with both illuminants. A tungsten filament
(150 watt bulbs) and a G. E, deluxe warm white fluorescent lamp source
were set up in the laboratory. ZEach was adJusted to provide a level
of 1llumination of 250 foot-candles. With filter B-23 over the eyes,

samples of cherrles were viewed. It appeared that the cherries possessed
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Contrast Ratios and Relative Luminous Flux Reflected
from Cherries Illuminated by Fluorescent or Incandescent Lamp
with Commerical Filters

Contragt Ratlog¥*

Relative
Luminous Flux

I1lluminant Filter* Reflected frow
[Under-color | Brown Black |6 R%pe .
Defect Defect | Defoct | CRE¥¥ies per Watd

Daylight none 1/3.09 1/1.38 | 2.56/1 211

Fluorescent] B-7,Dk,Rose pink | 1/3.03 1/1.0k | 5.11/1 | 95.6
B-11,Med.Magenta 1/2,.64 1.07/1 | 5.89/1 | 68.5
B-18,Med.Lavender | 1/1.kk4 1.24/1 | 4,03/1 | b45.5
B-19,Dk.Lavender | 1/2.46 1/1.04 | 3.93/1{ 65.0
B-20,Light Purple | 1/1.73 1.05/1 | 3.54/1 | 23.0
B-23,Med. Purple | 1/1.92 1.01/1 | 3.52/1] 35.6
B-67,fire red 1/2.20 1.32/1 | 8.18/1 | k.1

Deluxe none 1/2.85 1/1.15 | 3.63/1 | 253

Warm White | B-7,Dk.Rose pink | 1/2.63 1.11/1 | 6.73/1 | 156

Fluorescent| B-11,Med .Magenta, 1/2.35 1.23/1 | 7.90/1 [ 118
B-18,Med. Lavender] 1/1.70 1.33/12 | 6.50/1 ] 50.5
B-19,Dk. Lavender | 1/2.22 1.19/1 | 6.43/1 ] 99.6
B-20,Light Purple | 1/1.61 1.43/1 | 7.80/1 | 35.1
B-23,Med. Purple | 1/1.78 1.33/1 | 6.96/1 ] 52.4
B-67,fire red 1/1.95 .47/ pa.3/a 90.0

2910° K none 1/2.52 1/i.04 | H.1k/1 |103

Tungsten |B-7,Dk.Rose Pink 1/2.27 1.25/1 | 8.20/1 | 67.0

Approx. B-11,Med.Magenta | 1/2.01 1.33/1 | 9.74/1 | 53.5

150 Watt |B-18,Med.Lavender | 1/1.47 1.49/1 | 8.20/1 | 29.6

Filament [|B-19,Dk.Lavender 1/1.89 1.28/1 | 7.90/1 | 47.9

Type Lamp |B-20,Light Purple | 1/1.38 1.60/1 }0.00/1 22.4
B-23,Med.Purple 1/1.53 {1.50/1 [8.712/1 | 29.7
B-67,fire red 1/1.70 1.68/1 [13.8/1 | kk.5

¥Filter numbers are those designated by the manufacturer: Brigham
Gelatine Co,, Randolph, Vermont.

*¥¥Calculations were made at 10 Mu increments.
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a more luminous character when viewed under the tungsten lamp and the
black defects scemed to have a slightly greator controst with the cherry.
Congidering both calculated values and observaticns, the G. &, deluxe
warm white fluorescent lamp is more efficient for producing reflected
luminous flux from the red ripe cherries but for equal levels of illumina-

tion the tungsten lamp produces greater contrast ratios for dark defects.

Brightness Adaptation

Each of the fllters, which appear to provide illumination accepteble
to the worker, ababfb a large part of the radiation from 500 to 600 Mu,
This includes the green region of the spectrum where the eye is most
sensitive to light (Figure 3). The red ripe cherry reflects‘iery little
light in this region. Thus, eliminating this part of the illumination
will decrease the luminous reflectence of the cherry only slightly. If
the background reflects energy from 500 to 600 Mu, the filters would
reduce the level of adaptation bringing it closer to the desgired level
which is obtalined by uniform field lightness as discussed previously.
This lower level of adaptatlon causes the cherrles to appear lighter
and should result in improved perception of the cherries.

One of the poorest adaptative conditions for sorting dark defects
from red ripe cherries is presented by use of a daylight fluorescent
lamp with a white belt as a background. Under thece conditions a large
amount of the energy from the lamp is in the blue and green regions
of the spectrum. With the white background the eye is adapted to a high
level of illumination and the relatively smell amount of lwminous flux
reflected from the cherry causes very litile visual response, That is,

the cherxry ie dark in appearance and dark defects are difficult to locate.



Reflectance of Background

There are three colors of belt materials used for sorting belts
in cherry processing plants; namely, white, tan, and black. Samples
of these three materials were obtained and reflectance curves were run
on the spectrophotometer (Figure 28). In running these curves it was
necessary to use a very wide band width (50 Mu)., For this reason any
sharp deviation in the belt reflectance would not show up in the
reflectanée curve. However, they should give a good approximation of
the belt reflectances.

Considering the previously dlscussed theory and the reflectance
curves, the black belt should be the most desirable for sorting dark
defects from red tart cherries when using a white illuminant. Ii the
tan, or in particular the white belt, is used with a white illuminant
the reflectance from the belt would be much higher than the reflectance
from the cherries or defects. Thle would cause the eyes Lo be adapted
to a high intensity level, as already explained, and would be detrimental
when attempting to sort dark defects from cherries.

When using an illuminant with a filter such as B-23, which absorbs
mich of the energy in the green reglion of the spectrum, the tan belt
appears to be asg desirable as the black belt, With this illuminant the
eyes would not be adapted to nearly as high an intenslty level as with
the white illuminant, Thus, it appears that the black belt shonld be
recommended for sorting dark defects from red tart cherrice when using
white illumination but that the tan belt 1s satisfactory iIf mmch of the

radiation in the green reglon of the spectrum la eliminated.
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TFor sortlngs under-color chorries or other defects, which arc lighter
than brovn rot, from red btart cherries, the reflectance of the bacl-
ground vith white illumination sghould be between the reflectance of the
tan and black be'ts in order to satigfy the condlition of wnlform field

licshtness.
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There are o nuwbor of Factors whilch may aflect the sorting
efficlency in frvult procemsiag plants. A list of sush fachors may

include the Tollowling: L. rabe of iuspection, 2. widbth of sorting belt,

(W3}

. dlrcction of approach, 4, belt velocity, D. vwvotation of product,

-~

6. movement of hande o digcard defecbive fruit, 7. illumination

(amount, diffuscness, and spectral distribution), . veflectance of
product and background and, generally, the enviromsntal conditions.

This report discusses the investigation of two [factors vhich were
egtlmated to be very lmportant in present day frult processing plants,
The first i1g the spectral digtribution of the 1llumlnant and reflectance
of objects in the field of view., The second concerns the viewing of
the enlire surface of the product as it passes the workers on sorting

belts,

Principles of Perceptibility Diffcrence

The review cof literature and an analysls of lighting Tor detection
of surface differences revealed the following inforuation concerming the
opbimm visual conditions for percepbibility of color and lightness
differences,

Tor maximum percepbibllity of color differences. . The surfaces

should be viewed in proximlty.
2. The illuminan® should radiate onergy throughout the visible
spectrum but should be especlally rich in the region of the spectrun

where the reflectance curves of the obJectes exhibit the greatest percent



The color of the baclkgronad shounld he She avera e color of She
obJects being scparated,

For wnviimua percepblibility of iichtness differences. 1. The obJocts

ghould be viewed in proximity.

~

Z+ The lightness of the background should ojual the lightness o
the obJects being separated. In this respect a background which is
darker then the obJjects is preforred to a lighter onc.

3. 'The spectral distribution of the illuminant for maximun lightnesa
differences may be found as follows, Multiply at suitable wavelength
intervals the luminosity function and the gpectral reflectance of each
of the obJjects concerned and plot the resulting curves, Usge an 1lluminant
which is especially rich in energy in that region of the spectrum where
the resulting curves for two obJjects to be separated exhibit the greatesf
percent difference (See Figure 5). If the curves for the two objects
intersect and cross, the lightness differences way be enhanced by providing

an illuminant rich in energy in that reglon of the spectrum where the
curves JlTTor by the greatest porcent and by reduvcing the 1ight I the
portion of the spectiuu where the curves are reversed in megnitude,

Illumination for Cherry Sorting

Analysis of perceptibility of cherry defects revealed that the
main color difference between red tart cherries and thelr defects was
due to lightness contrast, Thus, only lightness differences wore considered
in the analysis. The analysis and field tests led to the following
statements.

L. TFor sorting dark defects (ranging from brown rot to black) from

red tart cherrles:



I
[

1. The lightneass contrast between dark deiccte and red tart cherries
may be increased by using chromatic illwninants which have atrong radiation
in the red reglon ol the spsctrun (Table XI).

2. TFor dark defects the 29100 II w.ingsten lamp {approximately 150
watt incandescent bulb) produces the greatest lightness contrast of
illuminants considered when used wlthout & filter (see Appendix III
for illuminanta).

3. The G, E. deluxe warm white fluorescent lamp without a filter
is the most efficient of lamps considered in producing reflected luminous
flux from the cherry surface; that is, it possesses the highest efficlency
when wsing lightness of the cherry swrface as the measure of efficiency.

L. Statements "2" and "3" apply when using certain low-cost
gelatine filters over the illuminants. (Table XI).

S rFor theoretical filtera, which perfectly absorb or transmit,
the G. E. deluxe warm white fluorescent lamp possesses considerable
advantage in illwminant efficlency foxr the same lightness contrast as
obtained with the 2910° K tungsten lamp (Table IX and X).

6. Red 1llumination proved to be unsatisfactory becauee of worker
complaints., Whether these complaints were due to psychological reactions
or to physiological effects was not determined.

7. In general, illumination provided by covering the illuminait
with a purple filter, B-23, was favorably received by the workers.

8. An estimate of a satisfactory illuminant for producing higu
lightness contrast for dark defecte on cherries is as follows: a. produce

at least 180 foot-candles on the belt by use of tungsten lamps or 300

foot-candles by use of G. E. deluxe warm white fluorescent lamps, and
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b. cover with fllter B-23; othcr filters may wleo be sabisilactory
(See gection on FURMMLR ALALYSIS OF CHERIY SORLINC) . From laboratory
observations it appears that increasing the illumination beyond tuese
limits will increase somewhat the perceptibility ol dark defects.

9. There should be some general i1llumination in the rcom althoush
if this illumination is too high it will decrease the lightness contrast
and adapt the eyes to a higher level of illumination. An estimate of a
satisfactory level of illumination in the plant is approximately 10
foot.candles,

10. The most favorable adaptive condition is to have the eye
adapted to a field of uniform lightness; i.c. lightness of product,
baclground, and surround should be equal, In this respect a background
darkexr than the product is preferred to a lighter one.

11, Reflectance curveas of the common belting materials used in
cherry processing plants show that the black belt most nearly saltisfies
the requirement for uniform fleld lightness for white illumination.
However, when filters are used which absorb much of the radiation between
500 and. 600 Mu, the tan belt may be as satisfactory. The fruit guards
and the workers' clothing should not have high reflectance and no bright
illuminants should be in clear vision of the workers.

B. For sorting under-color cherrles or other defects which ave lighter
than brown rot from red tart cherries:

1. The lightness contrast for under-color defects is increased
only slightly by changing the spectral distribution of the illuminant,

2., From the standpoint of illuminant efficiency and lightness contrast

the daylight fluorescent lamp is the most satisfactory of the illuminants

consldered.



3. The reflectance of the background shonld be between the reflecctance

4

of the tan and black beltbs; Ttherelore, the belt chogen for dark defoctis
(part "A") should be acceptable,
h. Fruit grards and workers' clothing should not have high

reflectances.

f ==y

5. An estimate of general 1lluminatlon for the room would be froum

10 to 20 foot-candles,
6. If the processor desires to remove these light defects, the
daylight fluorescent illuminant mey be placed at the end of the sorting

belt and a partition placed between it and the chromeatic illuminant.

Sorting Dark Defects from Red Tomatoes

From the shape of the reflectance curves for red ripe tomatoes and
from obgervations using filters over the eyes, the statements under
nombers 8, 9, 10, and 11 of part "A" for cherry sorting should apply

to gorting dark defects from red tomatoes.

Color Grading Tomatoes

The 1lluminant for color grading of tomatoes should possess radia-
tion throughout the visible spectrum. If possible, color of the back-
ground should be the average color of the product. For grading tomatoes
into four gredes (green, pink, dark pink, and red) no additional recomw-
mendetions were indicated by the analysis.,

TFor grading tomatoes into light red and dark red, as in Michigan
carning plants, it appears that the illuminant should possess radlation
throughout the visible spectrum but should be especially rich in encrgy
from approximately 580 to 640 Mu, Further research 1s needed on this

point before definite recommendations can be made.
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Viewing the IEntire Surface of e Iroduct

The literature shows that viewing the catlre surface of the product
is eesential to high sorting efficiency. Since rotation of frult
brings most of its surfacc into view, two devices were developod and
tested for rotating cherries as they move along the sorting belt. These
were a small, smooth, stationary rcd wounted across the belt and a
friction-coated rod which rotated to 1ift the cherries over it. The
merits and application features of these devices are listed as follows:

1. The stationary rod must be mounted closely against the belt in
order to prevent cherries from being caught underneath it. On most
sorting belts it appears necessary to support the belt underneath the
rod in order to insure contact.

2. The gtationary rod had the disadvantage of interferring with
the passage of the belt -lacing. It may be necessary to provide endless
belte if this defice 1ls employed.

“. The maximum efficiency obtained with the stationary rod was
approximately 55 percent of the cherries rotated 90° or more and
45 percent rotated 1500 or more, The efficiency of this device
decreases as the belt veloclty increases and as the percent of the
belt covered with fruit Increases.

4. The efficlency of the rotating rod may reach 80 percent of the
cherries rotated 90° or more and 60 percent rotated 150° or morc. These
efficlencies were obtained with the belt completely covered with
cherries.

5. The rotating rod requires a driving mechanism.,

6. The rotating rod was mounted approximately 1/16 inch above
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the sorting belt. It did not interfer - -4y . 5. -
the testa.

T. With a coating of black friction tape on thc rotating rod,
the wmaximum gfficiency for rotating cherries was reached when the
peripheral velocity of the rod was about twice the belt velocity.

8. These devices might be located between the workers alons the
belt. With this arrangement each succcssive worker would see many
different cherry surfaces. In addition to rotating the cherries
these devices have some beneficlal effect in gpreading the cherrice

across the sorting belt.

The literature provided the following statements:

1. Products, which are rotated continuously as they move along the
belt, should rotate so that the top swrface of the product moves in
the same direction as the belt (forward rotation); otherwise, the workers
mey develop nausea at certain critical belt and rotational specdes,

2. TFor continous rotatibn, the product should rotate at least
3/4 of a revolution per foot of translation.

2. Smooth continous flow of the product is preferrecd to lrregular

flow and haphazard spacing.

Othecr Factors

1. Black and brown defective apote on cherries do not flucresce
wheﬁ exposcd to radiation of a high pressure mercury vapor lamp which
possesseca a group of spectral lines near 365 Mu.

2, It appears that cherries may be sorted by transmitted 1light.

However, the intensity of 1llumination regquired is rather high.
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Opecular glosa from cherrieg may bo minilmlized by using dilfuso

- ¥

1llwination, Thig should lwprove povcepticon and boe easlor ou Ui oo,



APPENDIX I

REFLECTANCE CURVES

All reflectance curves for cherries, tomatoes, and belt samples
were run with a Cenco-Sheard spectrophotometer at the Michigan State
Highway Departments Research Laboratory. A picture illustrating the
use of the spectrophotometer and the arrangement is presented in Plate
VII. The sample and a reflectance standard were mounted on a disk
ewhich could be rotated and were illuminated with an airplane landing
lamp at an angle of incidence of ™5 degrees with the surface of the
standard. The entrance slit of the spectrophotometer was positioned
at zero degrees to the surface of the standard (perpendicular viewing).
This arrangement avoids the main beam of specularly reflected light
by 15 degrees and is recommended for use when visual appearance is the

main objective (28). The reflectance standard and the samples were

PLATE VTI. Kodachrome Picture of Spectrophotometer. The
sample and the white reflectance standard in the background
were rotated alternately Into viewing position to take readings.



Z.7 inches 1n Clameter.

The gtandard of couporizon {i

N

2flcatance gtoncord) conaigbsd oF
magnesiun oxide gworod on o aluminuw pletc, A fresh standard wus
prepared fur each set of curves by colleciing the smolie from burning

magnesiun ribbon in air,

3

hig stoandard is used almost universally us

a color gtandard fer gpsctrophotomstric work (28). When the mgnesium
oxide is freshly preparcd ite reflectance varies less than one percent
througnout the visible spoctrum and its total reflectiace in the visible
range 1s 97 to 98 percent (95). The apparent reflectunce of tihls
standard, when illuminated at 45 degrees and viewed at the normal,

has been alopied by the Intermatlion Commigsion on Illumination a2

1.00 (29).

The band width wged for reflectance curves was 12.95 Mu or less
except for curves of the soxrting belts, In this case it was necessary
to ugse 50 Mu band width due to lack of sensitivity of the available
galvanometer. Thus, any sharp deviations in the reflectance curves
fcr the beltes would not be shown. However, they should represent a
falr approximation for the purpose served,

After running curves for Flcridao tomatoes, the wavelength scale of
the spectrophotometer was calibrated and a correction made fcor the scale
readings. Different correctlins were necessary {or the wavelengti
gcale readings after making adJustments., Appropriate corrections for
the scale readings before and after callbration are shown in Table XII.

With the wavelength scale corrected and using the magneslum oxide
gtandard with recommended angular conditions, the only other major

gource of error appeared to be the specularly reflected light from the



TABLE XIT

Corrections for Wavelength Scale of
Cenco-Sheard Spectrophotometer

Corrected Corrected
Wavelength Wavelength
Geale Reading for Plotting for Plotting
j5i%1 Before Calibration¥ After Calibration
Mu Mu
400 392 396
10 Lo2 406
20 413 416
30 423 y27
Lo L33 k37
50 Lhh WL
60 454 458
70 464 468
30 L5 478
90 485 439
500 k95 k99
10 506 509
20 516 520
30 526 530
Lo 537 540
50 LY 51
60 557 561
70 568 571
80 578 582
90 588 292
600 599 602
10 609 613
20 619 623
30 630 633
i¥y) 640 Ell
50 650 65k
50 661 664
70 671 675
80 681 685
90 692 695
700 702 706
10 712 716
20 723 726

% This column applies only to the reflectance curvea for Florida
Tomatoes.



oubalide curved surfoce of the [ruit. Howover, since  spectlorl, reflocied
lignt Le Jircetlly preporlional bo the spoctrel distiibuticn o b
lwainent (1.0, non-selective refleution), it is peoesiblce te cstimate

the maximm gpecularly rceflected light, cspeclially if the veflcoctance
curves have very low reflectance in gome rcglon of the spectrum. Tcr

the cliervy curves given in the feollowing pages 1t is notel that scveral
of the red ripe cherry curves posgess as little as one percent reflectance
from 40C to 500 Mu. Therefore, it appears thet the specularly reflccted
light should be less than 1 percent for this region of the spectrum

and should not exceed 2 or 2 percent for the longer wavelengths of

light where the intensilty of the Incandescent illuwminent is considerably
greater,

For the tomato curves, however, it appcars that the specularly
reflected light was much greater. An estimate would be in thé vicinity
of 5 to 10 percent for the short wavelengths with a maximum of 15 to 20
percent for long wavelengbhs. It was noted that rotation of the sample
sometimes changed the reflectance of a sample as much as £ percent.

The reflectance curve of cherry ezmple 5 (black defect) increased
slightly from 620 to 720 Mu. This increase was abtributed to a small
edge of red which projected from the side of the cheryry; thus, the
slight increase In reflectance from 620 to 720 Mu was neglected and the
curve was drawn etreisht at one percent for the red region of the

gpectrum (Figure 33).
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APYRIDI 11
FIELD TEST DATA

This section gives a list of samples and the number of defects
counted for cach samplc in the chromatlic illumination tecsts. at
three cherry procesgsing plants. The samples given on one continous
lire werc taken from the same batch of cherries as described in

the field test procedurec.



TABLE XITCL

List of Samples and Defects Counted for
Chromatic Illumination Tests at Plant A%

Before Sorting Filter B-7 No Fllter
Total rown |Black |Total | Brown |Black [Total |Brown | Black
373 11 ki) 377 L 6 Loo 1k 5
Lo2 21 7 371 10 9 L16 6 5
422 21 2 389 6 b 403 5 0
Lol 17 ah | 365 14 10 | 395 1k 8
416 23 9 | 368 8 9 | 391 6 9
388 13 13 | 370 13 T | 391 8 10
393 1k 8 382 9 T 400 L 7
382 16 16 355 3 11 387 12 7
Total
3180 136 ok eoTT 67 63 13183 69 o1
% defects 4.28) 2.95 2.25 | 2.12 2,10 1.60

Before Sorting Filter B-1l No Filter

Total |Brown [Black {Total Brown |Black |Total [Brown | Black
368 10 T 335 2 6 358 T o
383 16 16 374 1 7 341 5 L
397 20 11 381 7 10 383 20 12
ko5 10 13 393 L 2 376 12 0
351 24 12 377 13 1 390 14 9
409 18 31 400 1l 12 388 20 9
345 21 9 348 13 3 340 16 10
Total

2658 119 99 |2658 51 b1 2576 ol 50
% defechps 4.UE8| 3.72 1.92 1.54 3.65 1.9%

(Continued)



TABLE XILI (cont’d)

List of Samples and Defects Counted for
Chromatic Illwuination Tests at Plant A%

Before Soriing Filter B-23 llo Filter
Total Brown }Black Total IBrown Black { Total | Brown [Blacik
368 34 9 B11 35 3 399 19 10
375 39 L 396 | 30 o |390 19 L
389 10 10 369 8 11 25 7 9
348 11 18 37h 17 4 397 3 13
372 13 10 380 12 11 399 & 16
392 19 15 382 14 6 41k 13 T
379 12 13 368 6 5 397 3 S
Total
2623 138 79 2680 {122 %) 2821 7 65
% defecth 5.25 | 3.01 L.,55 1.49 2,75 2,30

Before Sorting Filter B-57 No Filter
Total Brown | Black| Total | Brown | Black |Total jBrown |Black
405 15 15 395 6 ¢ LoR 7 9
LuY 21 15 ko5 5 1 382 5 3
432 23 12 L1t 6 7 413 18 4
372 13 9 378 10 3 381 12 8
413 23 5 395 19 7 365 18 12
330 12 3 358 6 5 314 5 5
335 12 18 356 7 4 321 10 6
327 14 9 345 5 5 354 L L
Tobal
3058 138 91 3069 | 64 39 2932 89 51

_%defects] L,cc f 2,90 2,08 1,27 340k 1,7k

% The source for chromatic illumination congisted of G. E. deluxe
warm white fluorescent btubes and the filter as indicated. Threc
tubes were used side by side (12 tubes total in fixture). TFor the
comparison source & single tube fixture, (4 tubes total in fixture)
containing G. E. deluxe warm white fluorescent tubes, was used.
Four standard cool white fluorescent tubes were used regularly

on belts.
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TABLE XV

List of Samples and Defects Counted for Chromatic
I1llumination Tests at Plant C*

Before Sorting Filter B-23 o Fllter
Total] Minor|Brown Black|Total Minor [Brown [Black lotal Minor Brown 1[Black

I 431 wee | 27 3 398 | e |15 | T 381 | x| 20 5
Lio ol 16 393 13 3 402 33 8
Lo1 31 21 6 393 | 30 12 1 419 § 30 20 6
436 47 22 6 416 | 20 13 5 4o | 32 23 4
kLo 43 23 13 378 | 27 7 5 Ll | 36 1k 6
Lhy 26 20 Ly 395 | 35 9 3 410 | 32 17 2
%09 31 15 5 iz | 22 13 0 K17 | 19 13 8
393 27 14 15 Loir | 35 26 12 432 | 31 15 10

IT 434 24 16 10 430 | 17 13 5 437 | 26 16 8
431 15 27 L k25 | 16 17 2 Lhp 9 8 3
395 16 11 6 koo | 11 11 2 k17 | 20 8 3
Los 31 7 7 b1 13 11 4 399 | 10 15 Ly
413 20 19 6 400 T 16 Y Lok 9 8 7
L34 31 2l 8 LLh8 | 31 19 L k51 | 28 2k I
IIT 385 25 2% |13 |39 [23 |22 7T |397 {18 | =28 6
367 21 | 32 T 394 | 17 Q2 L 37T | 12 23 5
Lok 19 29 19 hoh | 21 25 15 387 | 17 28 16
Los5 16 26 16 418 | 20 37 8 385 | 16 31 17
435 11 17 12 408 T 17 8 Y17 | 1% 20 L
L6k 1.8 32 12 425 2 13 9 460 | 15 15 8

v L4a8 33 62 11 41k | 25 52 5 iz | 25 53 5
333 13 j4 |17 | 3BH | 8 |36 5 1398 |11 |33 6
Ll & 25 12 L1 6 17 6 468 5 10 6
423 16 15 7 409 8 25 7 k32 9 27 11
yo7 16 Lo 18 k23 | 10 Lo 6 k21 | 10 50 19
bl 12 75 30 4h1 | 20 63 27 438 6 46 29
314 12 Ly 26 279 6 40 18 284 | 10 38 15

v b7k 12 35 38 428 9 25 5 460 7 27 9
59 20 L2 12 455 9 20 5 479 6 26 g
L7y 3 31 13 461 | 10 1h 3 509 | 10 29 6
454 9 39 15 443 T 29 p) L35 b 29 1L
L7y 10 LY 14 500 | 10 38 6 452 6 23 L
420 7 38 17 L37 7 33 12 L2 L 26 9

(Continued)
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TABLE XV (cont'd)

List of_Samples and Defects Counted for Chromatic
Illumination Tests at Plant C*

=

Before Sorting Tilter B-23 No Filter
Total Minor Brown Black [fotal | Minod Browyd BlacH Total] Minod Browd Black
o | 21 55 12 L3 |15 29 9 438 113 36 12
430 | 20 37 11 430 |12 27 5 La7 3 37 12
Lkig 6 29 12 Lix 4 26 3 409 | 10 33 9
412 6 k7 9 395 | 10 L3 5 413 | 12 30 7
439 3 L2 18 437 |10 46 6 453 i 43 9
428 5 40 10 427 T 36 L 451 3 54 8
Totals and [Perceryt Defdctive
16563 | 669 226 | 461 6299 | skt | 982 | 255 péusr| 537 |039 | 323
L.o2s| 7.41f 2.78 3.52) 6.02] 1.57 3.4} 6.32 | L.96
Totals and [Percerft Defdctive [(exclifiing Yest EYQ**.
13720| 559 912 | 340 R3508 | 464 | 702 | 181 1367@ L61 | 782 [ 232
L.3k] 6.65] 2.48 3.64]15.20| 1.3% | . 3.5815.72]1.70

¥ The source for chromatic illumination consigted of 150 Watt
filament type incandescent lamps; twelve lamps, covered with
filter B-23, were used for the entire belt.
illuminant consisted of six 150 Watt lamps for the entire belt.

The comparison

**Tegt IV was eliminated from the test data because the number of

defects was excessive.

either illuminant than they could remove.

¥*¥¥pinor defects were not counted for the firgt two samples.

A1)l workers could locate more defects under



LYCELTDIX ITI
CTECTRAL DISTRIBUTION CIF C. &, FLUCIECCELT
MDD
TUMGSTEL FILAELT TAMAG

Thls scction gives in tabular form the epectral digtribution <f the
G. E. daylight flucrescent, G. E. deluxe warm vhite flucrcacent, and the
2220° ¥ tungsten filament lawmps., The saxmc designation fox illﬁminants
of other manufacturcrs may not have the seme spectral distribubtion.
Also the spectral distribution of lamps manufactured in the future

may bc altered. The values presented here were obtained from the

Nela Fark laboratory of the General Electric Ccmpany in 1953.



Spectyeld "sterutiop ol G. B, Plucrescent ar
Turgster Pilament Largs .+

Wavelength Microwatts per 10 Mu per Lumen
Doyl et Deluxe Warm White | 2510° K Tungeten
Mu Fluorcscent Flucrescent Filaxent Lamp¥*
400 129.0 Gh.3 22.5
10 1.7 9.5 £7.5
20 CoLf 12.3 32.5
30 102.9 1.0 37.5
Lo 3154 255.3 L3.5
50 130.0 19.0 50.0
€0 138,05 20.6 57.0
70 10,4 2.3 63.5
80 ko, 27,4 70.5
g0 135.4 27.3 8.5
500 127.9 39.6 86.0
10 119.2 6l 2 94.5
20 112,1 9z.2 102.0
30 107.2 10C.0 111.0
40 106,42 10C.5 119.5
50 e2z,2 217.0 129.0
60 1L 114.0 127.5
70 156.0 130.7 146.0
80 18¢.0 187.0 15k .5
90 153.0 183.0 162.0
600 137.7 20k, 0 172.0
10 107.7 208.0 180.5
20 SPL 199.0 1.39.0
30 Th.3 181.0 197.9
40 58.5 1557 202.0
50 u;.p 120,0 212.5
60 35.2 100.5 220.0
70 20.6 T0.7 227.5
80 19.5 052 233.9
90 14,6 uu.Y zhe,0
700 11.9 31.2 247.0
10 G0 Ea.h £52.5
20 3,0 16.G 258.5

* Tolerance of wanufacture may be az high as plus or minus five percent.

*¥% Values 1n this column were read from spectral distribution cuxve
for tungsten filament lamps.
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