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HamleË and Polonius demonstrating the need for objective measurement:

Hamlet: Do you see yonder cloud that's almost in shape of a camel?

Polonius: By th'mass, and 'tis like a camel , Í-ndeed.

Hamlet: Methinks it is like a weasel

Polonius: It is backt like a weasel.

Hamlet: Or like a whale?

Poloníus: Very líke a whale.

from I,,Iilliarn Shakespeare's Hamlet, Prince of Denmark
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ABSTRACT

Canada,s grading system ís prÍmarily based on ühe subjective interpretatíon

of grading factors that ínfluence end-use quality. Grade is determined by grain

inspectors upon visual ínspection and assessment of sampled grain relatíve to

established standard grade samples. The lack of objective measuremenc of

important gradíng factors has led to ínconsistent grade determinations to the

extent that an5nuhere from lOt to 148 of reínspected samples receíve a higher

grade frorn that orÍginally assigned.

End-users will always prefer a precise and consistent measuremenË of

quality characterístícs, especially as wheat utílization and processing

technology is increasing in sophistication. The present study uses digital irnage

processing techniques for the objective measuremenË of kernel morphology and its

uniformity in three commercÍal grades of Canada trüestern Red Spring (CWRS) wheat.

A total of 32 variables quantified aspects of kernel sLze, kernel shape and

kernel brightness, as well as theír relative uniformity within each grade. The

analysis is based on 103 carlot and 73 cargo samples that ¡vere obtained from the

Grain Inspection Dívision of the Canadian Grain Commission (CGC). An evaluation

of the computer-based urethodology in terms of its ability to objectively

distinguish between the three CÍíRS grades is also undertaken.

A preliminary experÍment to determíne an appropriate sample size revealed

that the degree of variability within the saurple and the tolerable measurement

error set by the ínvestígator are important factors to consíder. Using the kernel

contour length feature as an example and assuming a 958 certainty that.the error

of estimation does not exceed 0.10mm, the results indicated that the required

sample sizes are 333 , 362 and 416 kernels for the lCItrRS, 2CI^IRS and 3C!üRS grade,

respectívely.

The average coefficient of variation (C.V.) for 16 norphological features



in the carlot samples progressívely íncreased as grade dropped, from 3.33* for

the No.l- to 3.67* for the No.2 and xo 4.1-3* for the No.3 grade. The No.3 grade

was also the least unÍ-forn among the cargo grades, reflecting the fact that the

highest levels of weather-related degrading factors such as bleached, immature,

frosted and sprouted kernels are allowed in thís grade. Each cargo grade was also

found to be considerably more uniform compared to its corresponding carlot grade,

with average C.V.'s decreasing by 588 , 632 and 64* for the No.l, No.2 and No.3

grade, respectÍvely. Sirnilar results were obtained from the thousand kernel

weight deËerminations, providing objectÍve evÍdence that Canada's grain grading

and bulk handling system is very effective in erihancing uniforrnity within the top

grades of CI,ùRS wheat as it is moved into export position. The observed uniformity

differences between the cargo and carlot grades are also índicative of the more

stringent grade specificaËions under Ëhe export standard as compared üo the

primary standard.

Stepwise discrimínant analysis and canonical díscriminant analysis were

used as analytícal and graphícal Èechniques to examine the level of grade

discrimination that could be achieved wíth the morphologieal data. trlhile the

three carlot grades could riot be clearly separated, an excellent level of

discrimination was achieVed among the Èhree cargo grades based on a 32-variable

linear discríminant model. The improved level of discrímination in the cargo

samples was due to the greater ntrmber of variables that tested "significanÈly

different" for the pairwise grade comparisons úsÍng Duncan's New Multiple Range

Test. Overall, the variance variables were found to be just as important as ühe

mean feature variables themselves in terms of their contríbution to the three-wav

grade díscrimination.

An experi.ment to test the reproducibility of the measuríng system confirmed

that a high and satísfactory level of precision was used in the extraction and



measurement of kernel norphology. Measurement errors were insÍgnificant (C.V.'s

< 1.5t), as sample variance was an¡rwhere fron 5.5 xo L7.5 tímes greater than

instrumental varíance, dependíng on grade and measurement feature.

The study concludes with a bríef discussion of the various factors that

contribute to the overall uniformity of quality ín CIJRS wheat and its importance

ín terms of cornmanding price premíums over AustralÍan Prime Hard, U.S. Dark

Northern Spring and U.S. Hard Red trfinter wheats in the international wheat

market.
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I. TNTRODUCTION

Canadian wheat grades are established under the authority of the Canada

Grain Act, which is administered by the Canadian Grain Commissíon (CGC). This Act

charges the Coumission with the responsíbilíty of ensuring that the interests of

grain producers are protected duríng the marketing of their grain. To meet this

objective, the CGC ís directed to establish and maintain standards of qualíty for

Canadian grains and oílseeds as well as to regulate the handling of such grains.

tr{heat shipped by rail is graded by government inspectors at primary

inspection points from samples obtained from the railroad cars aL convenient

points of interception. The final grade of each carload of wheat is established

by the inspector based on the visual assessment of a saurple drav¿n urechanically

as the car ís unloading at the termínal elevator. The largely subjective nature

of this grading method conmonly leads to problems and ínconsistencíes wíth regard

to accurate grade determinations in Canada ltestern Red Spring (CI,IRS) wheats. As

a result of the overall importance of this class of wheat to the Praírie economy,

the graí-n industry, in cooperation with the federal governnent, has been

encouraging research efforts to focus on the development of more object,ive and

thus more consistent nethods for wheat inspection and grading.

The purpose of thís study is to investigate the feasibility of usíng

digital inage analysis (DIA) as an ínstrurnental method for objective assessment

of certain quality factors in CI{RS wheat. The approach taken will be to examine

if DIA is capable to distinguish between three commercial grades of C!ÍRS rt¡heat

on the basís of certaín physical characteristics. The focus will be on the

quantification of kernel sLze, shape and brightness attributes and theír

respective uniformity in courmercíal grades of both carloÈ unload and cargo

samples of CI^IRS wheat. The reproducibility of the measuring system and practical



implicatíons ín terms of the owerall feasibilíty

grade will also be discussed.

for objectiwe determination of



II. LITERATI]P.E REVIEVI

A. Introduction

The najor objective of this thesis project rüas to use digítal image

analysís (DIA) as an instrumental method for objective measurement of certain

kernel size, shape and brightness features that contribute to wheat quality. The

ultímate aim ís to exâmine the relationship between this set of physical quality

characteristics and three CI^IRS grade levels, to permit an objectíve evaluation

of the performance of the Canadian wheat gradÍng system. Therefore, the following

review of the literature will cover ín greater detaíl those publications that are

pertinent to thÍs research project, especíally those identifying the various

physÍcal characLeristícs of wheat that determíne its quality. In addition, the

degree to which the Canadían wheat gradíng system objectívely measures these

characterístics will be examined, as well as studies that have already used DIA

for wheat inspection purposes.

B. DefLnftion of Wtreat Qualfty

llhen used ín reference to wheat, the meaning of "qualíty" is not easy to

define. Clark (1936) argued that the níller, the chemist and the baker all have

their ovJn conception of wheat qualíty:

Quality wheat to the operative niller frequently means clean,
sound wheat, free of screenings, of uredíum hardness, of a plunp berry,
heawy in test weight, whose bran cleans up easily while goíng through
the uríIl. fts yield in bushels and pounds required to make a barrel of
flour should be low, its flour should bolt freely, and its bran should
not shatter into fíne parÈicles but remain in large flakes, thereby
naking a well dressed flour. Such is the picture that mention of quality
brings to the nind of the niller.

To this pícture the rnill chemist would add his ídeas of ash content
not only in the wheat but he would prefer to have thÍs ash distributed
so that the patent flours would run proportionally low ín ash. The
chemist would be called upon to classify the wheat according to proteín
content so quality to hin includes protein. His picture includes flour



color so r^lheat producing an easily bleached flour would be of ínterest.Fínally, the chemist night be inËerested to know how flour milled frorn
the wheat would bake according to his treatment.

The baker understands bakíng characËeristics. He directs hÍs helpby teIlíng them what baking qualítíes to observe. He does not regulatehis shop accordíng to the flour's ash, procein, hydrogen-ion concentïat-ion, acidity, flour yield, or color. He Ís not concerned with what thetest weight of the wheat might have been from which his flour was made.
He does not care whether the bran cleaned up or not. He Ís, however,
tremendously concerned abouÈ how much water the flour demands, to makea dough of the consistency necessary for proper development. He isvÍtally interested in how long he should nix his flour and other fngred-ients to make a good dough. He likewise wants to know how long the ãough
batch should be fermented to produce his type of bread. The picture ofquality to the baker, therefore, is painted in terms of bakini character-istics.

The author further argues that since flour is constrmed ín baking, the quality
picture of paramount ímportance is that of the baker or the consumer. If the

baker's demands are not meÈ, the flour is of poor quality and the wheat inferior.
rf the flour bakes successfully it demonstrates qualÍty to the baker and the

wheaË from whích it rt¡as made becomes good qualíty wheat.

FÍnney and Yamazaki (L967) indicate that Lhe basic definition of wheat

quality usually varíes from one class of wheat to another and is dependent on the

wheat's suitabilíty for a given product. For example, the quality of a soft
wínter or white wheat variety is defined Ín terms of its suítability for soft
wheat nilling and for the production of cakes, cookies, and crackers. The quality
of a durum wheat ís defined in terms of its suitabÍlity for semolína and macaroni

production. Hard red wínter and sprÍng wheat quality is defined in terms of
specific nilling and baking properties that determÍne the suitability of a wheat

for hard wheaË nillíng and bread production. The authors stress that qualÍty of
any kind of wheat cannot be expressed in terms of a síngle property, but depends

on several nilling, baking, processing, and physical dough characteristics, each

important in the production of bread or pastry products.



Típples (l-985) distinguishes between two categories of quality factors when

defining wheat quality: (1) "type determinÍ.ng" factors such as bran co1or,

hardness, protein content and gluten strengËh, as opposed to (2) "qualicy

acceptabilíty" factors such as flour yíeld, flour color and alpha-amylase

activity. He notes that specific combinatíons of the type-deternining facLors,

such as hard strong hígh proteín, or soft weak low protein, do not in themselves

ínfer "good'r or'rpoor" quality, but, rather, suítabílity for specific end-uses.

By contrast, wheats that have low flour yield, poor flour color, high enz1rme

activity, eÈc. nay be said Ëo have poor qualÍty regardless of the intended

(food) end-use

From these varÍ"ous defínitions, there appears to be general agreement that

the proper approach to assessing the overall quality of a particular variety of

wheat should include an assessnent of the various nilling, bakíng and processÍng

characterístícs considered to be ímportant qualíty attríbutes for the particular

end-use for which the varíety is íntended.

C. Physical Characteristics that Contribute to lütreat Qualtty

The various physical characteristics reviewed in this sectíon conËribute

to bread wheat quality uraÍnly by influencíng flour yield. As a result, the

followíng review of the literature will naínly focus on how each of the varíous

physical characteristics influence this nilling property.

1-. Ileight per Unit Volume (Test llelght)

One of the most widely used and simplest criteria of wheat qualíty ís the

weíght of the wheat per unit voh¡ne, or test weight. It is expressed in terms of

pounds per bushel; in most countries usÍng the metric system, kilograrns per
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hectolitre is the unit of measurement. In the United States, the l^Iinchester

bushel (2,L50.42 in.3) is used to express test weight, whereas ín Canada, the

Imperial bushel (2,2L9.36 irt.3), or more eommonly, the metric kílograms per

hectolitre, is used (Halverson and ZeLeny, l-988).

The basic factors that affect the weight per unit volume of grain are

díscussed by Hlynka and Bushuk (1-959). They have shoq¡n that, contrary to popular

opinion, kernel size as such has little, Íf any, influence ori test weight. Kernel

shape and unifornity of kernel size and shape were identified as important

factors affectíng test weíght, inasmuch as they influence the manner in which the

kernels orient themselves in a contaíner. The other important factor influencing

test weight is the densíty of the grain. Density, in turn, is deternined by the

biological strucËure of the grain and Í-ts chemícal composition, including

moisture content.

A general relationship between test weight and flour yield has been

acknowledged in the literature, even though the relationship is rough and not

always reliable (Bailey, L9L6; Mangels and Sanderson, L925; Mangels, L934; Shuey,

L960; Baker et al., L965; Barmore and Bequette, L965; Shuey and Gílles, L969;

Baker and Goh¡nbic, L97O; Dattaraj et al., L975). It appears that above

approximately 57 Lbþw (73.4 kg/}:.L), the test weight of wheat has relatively

little influence on flour nilling yíeld. trüith decreasing test weight, the nilling

yield usually falls off rather rapidly. Immature wheat or wheat that is badly

shrivelled as a result of drought or disease usually has a low test weight and

gives correspondingly poor yields of flour. The average test weight of U.S. wheat

is approxinately 60 Lb/bu (77.2 ke/}:^l), but test weights of up to 64 Lbþu (82.4

kgÆl) are not unco¡nmon. Badly shrivelled wheats may have test weights as low as

45 Iloþu (57.9 ke/}:.L) or less (Halverson and Zel.eny, 1-988).
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There are various factors that influence the test weight-flour yield

relationship, rnaking test weight only a rough and often unreliable index of flour

nilling yíeld. lüheat samples may have as much as nine pounds per bushel

difference in test weÍght, yet have the same nilling yield (total flour

extracËion) (Shuey, 1960). Thís inconsí.stency is explained by Barmore and

Bequette (1-965) as follows. Test weight of wheat is dependent uPon the packing

characteristícs and the densíty of the graín. Packíng characteristícs depend in

turn upon kernel shape, uniformity of kernel size and shape, presence of brush,

and condition of the kernel surface. The surface uray be rough or smooth depending

upon (1) the variety, (2) whether the grain was exposed to wetting and drying

after rnaturation, and (3) the âmount of handling it has undergone. trletting and

drying roughens the bran and decreases kernel density through internal fissuring.

Moving graín scor¡rs or políshes the kernels allowing them to pack tíghter in the

test kettle. All in all, these changes affect Cest weight but generally do not

alter the flour-yielding capacity of the wheat.

Several studíes have províded experimental evidence for some of the factors

causing an inconsistent test weight-ilour yietd relationship. Mangels (1934)

found a significant varietal variation in flour yieldíng capacity as related to

test weight. Baker et al. (1965) noted that correlations between test weight and

flour yield also differed widely among different classes of wheat. The

correlation was high only for hard red winter wheaËs (0.897); correlations for

sofr red winter (0.44S), hard red spring (0.365) and white wheaüs (0.535), viTere

significant but low. Barmore and Bequette (l-965) observed that test weíght gave

poor estimates of flour yield frorn Pacific Northwest white rvheats, particularly

for the white club varieties which consistently produced high flour yields

regardless of low test weights.



2. Kernel lfetght

Kernel weíght, usually expressed in terms of weight per thousand kernels,

is another physÍcal characteristíc of wheat thac nay also be used as an index of

rnílling quality. Thousand-kernel weight (TI{^I) siurply measures the average weight

of a kernel, with a factor of 1,000 included for the necessary precision of the

determinaüion. TK!ü is a function of kernel síze and kernel density. For example,

Dattaraj (1970) found that in the case of blending a sample of a síngle

shrivelled wheat variety (Shawnee) with sound wheat, as the percentage of

shrivelled wheat in the sample was increased, TKI'I decreased. Therefore, to the

extent that TKÍ^I reflects the size of the kernels, it would not be expected to be

related to the weíght per bushel. However, to the extent that ít reflects the

density of the graí'n, it would be dírectly related to the weight per bushel

(Hlynka and Bushuk, 1959).

The range in weight per 1-,000 kernels for U.S. hard red winËer and hard red

spríng wheat is normally frour about 2O to 32g. Soft red winter, white, and durum

wheat normally range from 30 to 409 per 1,000 kernels, averaging approximately

35g per 1,,000 kernels (Halverson and ZeLeny, 1-988).

Inasmuch as large, dense wheat kernels nornally have a higher ratío of

endosperm to nonendosperm components than do smaller, less dense kernels, one

rnight expect kernel weighc to be a more reliable guide to flour yield than test

weíght. Although thís subject does not appear to have been studied exhaustively

(ZeLeny, L97L), no advantage of the kernel weight determination over the sirnpler

test weighu determinatíon has been demonstrated conclusively in commercial

nilling operations. However, Baker and.Goltmbic (l-970) showed that kernel weight

vras superior to test hreight in predícting nilling yield for hard red spring wheat

but not for other classes of wheat, when nilling yíeld was determined by use of



the Buhler experimental flour nill.

Johnson and Hartsing (1963) have also presented evidence that the number

of kernels per unit of weight as deterrnined by an electronic seed counter may be

a useful índex of potential rnilling yield. Kerne1 counts on 198 samples of hard

red spring and hard red wínter wheat Tüere compared with flour yields as

determined on a Buhler pneumatic experimental urill. Both kernel count and flour

yÍelds Irere corrected to a noisture-free basis. The correlation coefficient of -

0.84 for kernel courit and flour yield was highly significant. The standard error

of the flour yÍeld estimate was 0.8422. In order to compare the relative abilíty

of kernel count and test weight to predict flour yield of hard red spring and

hard red winüer wheat, the authors also regressed flour yield on test weight. The

regression equation showed that the correlation coefficient of +O .67 for these

to be highly significant as well. The standard error of the flour yield estimate

was 1.73*. The difference between the correlation coefficient for kernel count

vs. flour yíeld and test weíght vs. flour yíeld eras also found to be

statisÈically signifícant at the 18 level for all classes of wheat used in their

study. The final conclusion '$Ias thau the number of kernels in a fixed weight of

wheat corrected to a common moisture basis would be a better Índication of flour

yield than the test weight.

3. Kernel Sfze and Shape

Kernel síze and shape are perhaps €rmong the most ímportant of all the

various physical characterístics used to evaluate milling quality in wheat. This

is because kernel size and shape affect the proporcion of endosperm in the mature

kernel, whích ín turn determínes flour yíeld (Marshal1 et al., L984). For

example, consider the síurplest situation where the wheat kernel is assumed to be



spherical in shape. Since Crewe and Jones (L95l-) found no significant dÍfference

in bran thÍckness between large kernels and small kernels, it is further assumed

that the thickness of the bran layer remains consËanü as the síze of the sphere

changes. The question then becomes the following: Ifhat happens to the ratio of

endosperm to bran content ín wheat kernels that are assumed to differ in síze

only? The necessary calculations are summarized in Figure I and the results

índicate that large wheat kernels have a higher ratío of endosperm to bran than

small kernels. Shellenberger (1961-) assumed Èhe kernel to be an oblate ellipsoid

and calculaËed the ratio of total volume of a wheat kernel to the total volume

of the bran for both large and small kernels. He found that there is nearly a

fíve percent increase in the ratio in favor of the larger kernels. These

simplified calculations then effectively illustrate the economic significance of

wheat kernel size and shape. Both the crude fiber and ash content of wheat are

related to the amount of bran in the wheat and hence have rough inverse

relationships to flour yield. Snall or shrivelled kernels have more bran on a

percentage basís and therefore more crude fiber and ash than large, plump kernels

and consequently yield less flour (Halverson and ZeLeny, 1-988).

Shuey (1-960, L96L, l-965) found that there is a better relationshíp between

the percentage of wheat kernels fallíng into a partículat sí'ze class and milling

yield as compared to that of test weight and nilling yield. Shuey's kernel-sizing

technique consisted of a r¡heat sizer wíth a rolling action which upends kernels

resting on the sieves, allowing the kernels to be graded accordíng to cross-

sectional area. Three sí-zes of wire mesh ¡uere used, and the percentage of wheat

kernels that would not pass endwise through each sieve was deternined. Potential

flour yields were then calculated by a mathenatical formula. Figure 2 shows the

relatively poor correlation between test weight and nílling yield for samples
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from three crop years, with a correlation coefficient of 0.744. On the other

hand, a correlation of 0.957 was obtained bet¡,¡een predicted nilling yíe1d (based

on kernel sLze distribution) and actual commercial nilling yíeld as seen in

Figure 3. These findíngs have led some auÈhors to conclude that some of uhe

uncertainty in the test weight prediction of flour yield can be attríbuted to

kernel size (Baker and Gok¡mbic, L970)

There nor't appears to be a considerable amount of experímental evidence that

poínts to a fairly regular decrease ín flour yíeld as wheat kernels decrease in

size (Bailey, 1-91-6; Pence, L943; Shuey and Gilles, Lg69; Dattaraj et al., L975).

It is Í"mportant though to stress that this conclusion is true only withÍn the

same variety (Li and Posner, L987)

Shuey and Gilles (l-969) showed that not only does the percent extraction

decrease as the kernel size decreases, but the nineral content of the flour

increases as well. Theír data revealed that once snall kernels are removed, the

percent extraction usually íncreases and the nineral content of the flour

decreases. The authors consequently suggest that the value of a wheat lot may be

increased when the small kernels are removed and nilled separately and the flours

blended rather Èhan blending the wheats. However, it is also noted that the

percentage of small kernels, their mineral content, and varÍety are factors that

need to be considered when determining how much of an advantage would be gained

by sizing a wheat lot prior to níllÍng.

Pence (l-943) found that withín the same wheat variety, large kernels

possess a lower Protein content Èhan snall kernels. The same tendency \4ras

observed in protein content of flour frorn different sized wheat.

Li and Posner (1987) probably carried out the most extensíve study

investÍgating the nilling perfornances of dífferent sized wheat kernels Ín the

11



Figure 1

Effect of kernel size on the volume of endosperm relative to
bran for a wheat kernel assumed to be spheiical in shape
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Figure 2

Relationshii betwee_n_Èest welghr and actual commerciar millingyield for U.S. whear from crop years 1956_195g
(From Shuey, L960, p. 72)
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Flgure 3

Relationship between rnil_ling yíeld. predicted by a kernel-sizing
technique and actual comrnerciar mirling yield for u.s.

wheat from crop years j-956-1958
(From Shuey, 1-960, p. 72>
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same batch of cormercial wheat. Their findings are sttrnmarized, below.

1_. llheat sí-ze dístribution plays an important role in influencing
physical test results. Large wheat kernels give hígher values oftest weight and l-,000 kernel weíght than smalr wheat kernels.

The smaller the wheaË kernels, the higher the pearling value.
Pearling values of wheats are comparable only when their kernel size
distributions are símilar.

Millíng smaller wheat kernels results in a higher protein loss
during nilling.

The amount of water absorbed is negatively related to wheat kernel
size.

At a given ash content, the sâme quantíty of large wheat kernels canyield more flour Èhan small wheat kernels. The yield of straight
grade flour increases as wheat kernel size increases.

lfhen nÍlled with fixed nillíng systems, different wheat kerners
behave quite differenËly in the break system in Ëerms of break
releases, cumulative break releases, and the yield of different
sized intermediate urilling stocks. The larger the wheat kerners, the
higher the break releases ín the early break systems. Large wheat
kernels tend to release more nilling stocks Ín the ""rty break
systems than small wheat kernels. The high sizÍng yield is thought
to be favorable to the yield of low ash flour.

The flour nilled from large wheat kernels has a higher rÀrater
absorption and shows a longer peak time on the farinogrãph curves
than the flour rnilled from medium and snalr wheat ternãls.

Flour from small wheat kernels has the greatest mixíng stabilíty.
The flour of medium wheat kernels yields a significantly greater
amount of wet and dry gluten than that of large and srnall wheat
kernels.

2.

3.

4.

5.

6.

I4

8.

9.

In addítion, it should be noted that the actual degree of uníformity of

kernel size withÍn a given 1oÈ of wheat plays an ínportant role ín rnilling
stabílity. From the millers' standpoint, wheaËs that are uniform in kernel size

are desirable in terms of the employment of technical specifications of nilling



equipment. This ¡'rould seem to suggest that wheat kernel síze distributíon could

be benefícial as a wheat grading criteria in grading systens (Li and Posner,

LeBT) .

Marshall et al. (l-984) used símple geometríc model-s of wheat grains to

determíne the effects of changes in shape and síze on volume per unit surface

area and hence potential nilling yield. Theír analyses showed that both seed size

and seed shape can sígnificantly affect the vol-ume per unit surface area of the

wheat kernel, and therefore milling yield. Of the various shapes eonsidered,

spherical kernels had the highest volume per unÍ.t surface area. In theory, then,

it was concluded that to maximize nilling yield by rnaxinizing volume per unit

surface atea, wheat graíns should be as Large as possible and spherical in shape.

However, iÈ was also observed that substantial changes in graín voL¡¡ne have a

greater effect on nilling yield than do changes in grain shape. Also, it was

suggested that since grain volume appears to be much easíer manipulated in plant

breeding programs than seed shape, âry efforts to increase rnilling yield by

increasíng Ëhe volume per unit surface atea of. the wheat grain should focus on

increasing seed size to the maxÍmum possible without sacrificing yield potential

or other quality characteristics.
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D. Other Characterf.stfcs that Contrf.bute to llheat Quallty

There are several other characteristics of wheat that are taken into

consideration when naking quality assessments. Among Ëhose still classified as

physical characteristics are kernel hardness, vitreousness, color, the level of

damage to the kernel and ímpurities. In addition, there a:re botanical

characteristics, such as species and varÍ.ety, as well as chemÍ.ca1

characteristics, such as moísture content, protein content, protein quality,



alpha-anylase activÍty, fat acidity and crude fiber and ash content that are also

known to be important determinants of owerall wheat quality. A comprehensíve

treatment of how these characterÍstics influence quality is given by Halverson

and Zeleny (1988).

E. Quality Control of CanadÍan Wheat

trlheat production in Canada involves roughly 35 to 40 nillion hectares of

improved farmland, the bulk (>80t) of which is located in the three Prairie

provinces of Manitoba, Saskatchewan and Alberca. In any given year, the actual

area seeded to wheat carÌ vary fron 10 to 14 nillion hectares, yielding an annual

production level anywhere fron 20 to 30 míllion connes. Assocíated wiËh this

distríbutíon of production is the fact that wheat generaües a substantially

hígher proportion of the total farrn cash receipts within the Prairíes than

anywhere else in Canada, rnaking it a najor contributor to the economíc activicy

of the region. As approximately 808 of its production is exported, wheat

continues to be one of Canada's largest earners of foreign exchange in the

Ínternational market (Loyns and Carter, L984>.

Ìfheat produced over such a large geographic atea is bound to show a

considerable degree of varíatíon in average quality from year to year and

location to location, this beÍng largely due to a varíety of conditions and

extremes of weather during the growing and harvesüing season. lüíth uníforrníty of

physical charaeterístics progressívely becoming more important as wheat

utilization and processing technologies are increasing in sophistication, more

emphasis will likely be given to quality control, especÍally if a major exporting

country wishes to establish and mainËain a competítive advantage ín the

international market.
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The Canadian approach to quality control involves two important areas of

federal goverment regulatÍons: 1) licensing of new wheaË varÍeties; and 2) the

wheat grading system.

l-. The Varietal Lfcenslng System

Before a ne!ìr Canadian variety can be licensed for couunercial productíon,

it must meet a number of legal requirements (Bushuk, 1986a). Firstly, ít must

conform to the regulations of the Canada Seeds Act (1928) in relation to purity,

uniformity, and distinguÍshability. Secondly, it must meeÈ the grading

specifícations descríbed ín the Canada Graíns Act (1971-). This Act specifies thac

to qualify for the top grades of the Ctr'lRS class of wheat, the new variety must

be "equal to Marquís" (the Marquis quality standard has been replaced by Neepawa

since August L, 1987). It is generally interpreted that this specífication

applies to all characteristics, íncludingnilling andbaking quality. Because the

Canadian wheaË grading system is based on visual dístinguishabÍlity of wheat

classes, varíetíes offered for the CIÀIRS class must also be visually

distinguishable from varíetÍ-es of other classes such as Canada l,Jestern Red tr{inter

(CIÀIRI^I), Canada Utility (CU) and Canada Praírie Spring (CPS). If a new varíety is

not equal in quality to the CIüRS standard variety, then it nay only be licensed

into a different quality class (e.g. CU or CPS) províded its kernels can be

distínguÍshed frorn the standard varÍety of the higher quality class (i.e. CI4IRS)

by visual means. This requirement is unÍque to the Canadian system. Furthermore,

Canadian statutory wheat grading regulatÍ-ons also require that the graín of a new

variety be uníform in kernel size, shape , and color and have a consistently good

test weight (Bushuk, 1986a).
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A potentially new Ci'lRS variety is extensívely tested and screened under

field conditions by conparing it to Neepawa, the statutory standard, as well as

to other cornmercially grolJn varieties, in terms of yield, agronomic

characteristics (e.g. disease resistance) and end-use quality. As the seope of

testing progresses, only the best varietíes are submitted to a testing procedure

designed for that class of wheat. In the case of bread (CIíRS) wheats, there are

three testing Ievels. At Ëhe 'Au tesË level, approxímately l-00 or more

potentially new varieties are compared at several locations, while the "B[ test

sees only the more promising varieties tested. During the final phase of the

testing Program, the Bread llheat CooperaËive test, evaluation for yield, disease

reaction and quality beeomes most extensive. Data from this tesË are reviewed by

three National Expert Committees (on grain breeding, grain diseases, and grain

quality). A variety may be rejected from the test and thus from licensing

consideraËion by any one Cornmittee at any stage. Varíeties may remain in the

Cooperative Test for a total of three years. If, at that point, all three

Committees still apree as to the quality of the variety and its contribution to

Canada's grain industry, the variety is recommended for licensÍng and the plant

breeder submits an application to the Plant Products and Quarantine Dírectorate

of Agriculture Canada. A license may then be Íssued under authority of the

Federal lIÍnister of Agriculture (Loyns et al., 1985).

Critics of these stríngent licensing regulations argue that nany high

yÍelding, nediuur quality strains (yet of adequate quality f.or a different end-

use) are wasted by the application of these criterí.a (i.e. quality equal to the

Neepawa standard and visual distinguishability). po¡ s)<ample, the Agriculture

Canada Research Station in tr{ínnípeg nay evaluate up to 8,000 new línes of wheat

every year, yet only very few actually end up being licensed (Lukow, 1-989). In
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fact, from l-923 to 1986 only 34 new CI,IRS varietíes were released in Canada,

roughly one new varíety every two years. In the eatLy 1-980s, in contrast, 33 new

varieties !üere released in North Dakota alone over a S-year period, for an

average of more than 6.5 varieËies each year (Leisle, l-987) [cited in OTA,

1989a1 .

2. The Canadian Tlheat Grading System

Once approved for commercíal productíon, the next step in the quality

control process ís the acÈual grading of the wheat. Grading can be broadly

defined as "the segregation of heterogeneous material Ínto a seríes of grades

reflecting different quality characterÍstics of significance to users" (Canada

Grains Councíl, L982). This defínítion inplÍes that the characteristics which

deËermine the separation of a particular cornmodíty into grades should be those

denoting value to end-users. The prinary objective of grading ís to enable the

maximum net return from the grain to be extracted from the market. Thís will only

be achieved where the grade becomes a means for the user to communicate with the

producer (or seller) as to the quality of the grain which ís considered most

desirable for a parti-cular purpose.

The grading of wheat in Canada is regulated by the Canadian Grain

Coumission (CGC), a government and regulatory agency whose legal mandate is

established through the Canada Grains Acc of L97L. This Act charges the

Commissíon with the responsíbilíty of protecting the ínterests of grain producers

during the marketing of their grain. Specifically, Ëhe CGC is directed to

establish and maintain standards of quality for CanadÍ.an grains and oilseeds as

well as to regulate the handling of such grains to ensure a dependable courmodity

for domestic and export markets. To accourplish these objectives, the CGC has
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legislative authority for licensing grain-handling facílÍtíes, setting grade

standards, providing official inspectÍ"on and weíghing services, handling foreign

complaínts, and ensuríng ËhaÈ quality is maintaíned as grain is moving through

the marketing sysÈem (Gosselín, 1-982a,b). An excellent treatment of the history

and evolution of the Idestern Canadian wheat gradÍng and handlíng system is given

by lrvine (l-983).

a. Grade classlflcatlon and prfnclpaL grading factors. The various classes

of wheat growrt in Canada, for which grade specífications have been established,

are outlíned in FÍgure 4. Of these classes, the hard red spríng and amber durum

enter the export narket in the most sígnifícant quantities. At present, Canada

Western Red Spring (CWRS) wheats account for about 858 of Canadian wheat exports.

Production of wheats of the CIIRS class has averaged about 16 urillion tonnes over

the last L0 years (Preston et al., l-988).

A dÍstribution of the classes and grades of Canadian wheats at terminal

elevators for three crop years is shown in Table L. The CIùRS grades (No.l-, No.2

and No.3) typíeally constitute over 608 of the total ternínal wheat receípts in

any givenyear. As for the distribution among the three CtrlRS grades, it is to a

large extent a reflectíon of prevaílíng enwíronmental condítíons, both shortly

before and duríng the harvesting season. For example, during the l-988-89 crop

year, ühe PrairÍ.es experÍenced extensÍve drought condÍcions and as a resulü over

508 of all wheat receípts graded No.1 CI.IRS.

There are fÍve principal factors consÍdered by grain inspectors when

grading Canadian wheat (Bevilacqua, 1-987):
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Grade classification of Canadlan
IVheat (From Bushuk, lgBZ, p. S0g)

Figure 4

No.I CWRS
No.2 CIVRS

No. I CVY
No.2 CW
No.3 CW
No 4 CIV
No.5 CW

No.l CIV
No.2 CIV
No.3 CV9
No.4 CIV

2T

No.l CU
No.2 CU

No I CPS
No 2 CPS

Segregated by
hotein Content

CWRS: Canada Vl¡estern Red Spring
CW: CanadaVltestern
CU: Canada Utility
CE: Canada Eastern
CPS: Canada Prairie Spring

No.2CW
No.3 CIV

No. l CE
No.2 CE
No.3 CE
No.4 CE
No. 5 CE

No. I CE
No.2 CE
No3CE
No.4 CE
No.5 CE



Grade dístribution
( From

CIass/Grade

Table 1

of terminal elevator wheat
Canadian Graj-n Commissíon,

No.1 CWRSa
No.2 CI{RS
No.3 cwRs
CPSD
cuc .

CT{FO

C!{AD:
cIvRw'
cwswse
Other

L986-87

| 000t

5, 680
3r101
6,L94

L77
58

2,596
2 ,453

637
298
462

Z of all'wheat

Total
AI1 üiestern
Wheats

Crop Year

26.OO
L4.37
28.7L

.82

.27
11.99
LL.37
2.95
1. 38
2.L4

receipts for three
Annua1 Reports)

1 canada Ì{esterno Canada I{esterns canada Western

l_987-88

| 000t

6r186
7 t54g
4 t8L4

54
24

750
3 t594

352
294
101

? of all
wheat

2L,574

Red Spring. b canada prairie Spring.,
Feed. - Canada Western Amber Durum. r

Soft Ï,fhíte Spring.

crop years

26. 08
31. 83
20. 30

.23

.10
3. 16

15. 15
L. 48
L.24

.43

100. 00

1988-89

| 000t

23,7L7

6,943
2,792
1r108

30
6

L4I
I,g2L

108
189

54

å of all
wheat

100. 00

52 .63
2L.L6
8.40

.23

.05
L. 07

13.80
.82

1. 43
.4L

" canada Utility.
Canada lrlestern Red Winter.

t3,Lgz 100. 00

ti
l.O



These arê sometimes referred to as degrading factors sínce a failure Ëo meet the

specífied grade tolerance in any one factor will result in a lower grade

(Gosselin, 1982b).

Under the grading sysËem, grain that contains danaged kernels becomes

degraded according to the type, degree and extenÈ of the danage. In order to

qualify for the top grade of No.L CWRS wheat, a sample musË contain licensed red

spring wheat varieties of the Neepawa type and be "reasonably well matured and

reasonably free from danaged kernels" (A su¡nmary of the various grade

specifications for C!ùRS wheat is given in Appendix I) . Other specÍfications, such

as minÍmtrm Ëest weíght and maxímum limits of foreign materíal, must also be rnet,

but it is the visual assessment of the amount and severity of the damage relative

to sÈandard samples that is most important (Típples, L979>.

To facilitate practical grading, the Chief Grain Inspector of the CGC

prepares the Primary Standard samples for each grade of the nell croP, after

consultation with a Grain SËandards Cornmittee which íncludes representatíves from

all elements of the grain industry. The samples are prepared to reflect the

degradíng peculiaríties of the crop. They are used only as visual guides to

grading wheat before and on receipt at termínal elevators and shipments from

terminal elevators when no Export Standard sample is established for a grade. The

Export Standard samples are used for most grades of f{estern Canadian wheat to

govern grading of shipnents out of terminal, transfer and process elevators. They

are prepared to represent the average of the grade rather than the mínimum

3.
4.
5.

Vitreousness
Soundness
Admixture of inseparable foreign material
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represented by Ëhe Primary Standard sanples (Bushuk, 1-986b).

Each of the wheat grades in Fígure 4 is further subgraded according to

moísture contenË as straight (below l-4.5S moisture), tough (L4.6-17.08) or damp

(over L7.OZ). In addÍtion, No.1 and No.2 C!üRS are segregated by proteÍn content

upon arrival at terminal elevators. Protein segregation levels are set each year

(or as required), according to the market demand and availability of wheat of

specific protein conËent. Computerized methods have been developed to determine

the protein boundaries based on the protein content of the subgrade and amount

of production and protein content of the grade in question (Dunne, L973). ProLein

content of samples is determined by on-line near infrared reflectance (NIR)

technÍques. After arrÍval at the terminal elevator, Ëhe grain ís cleaned to

conform wíth the grade specifícations and, íf necessary, dried to straÍght-grade

requirements (Bushuk, l'986b) .

grading factors, only one, test weight, is measured objectÍvely. Even so, very

seldom does test weight deterurine the actual grade that is assigned, sÍnce in

almost all cases the actual test weight of No.3 CIdRS wheat exceeds the mlnimum

specífied for No.1 CI^IRS (Preston et al ., l-988; Canadian Grain Commíssion, 1989a).

Many of the other grading factors are expressed as percentages Í.n the gradíng

guide (see Appendix I), but the actual percentage values are calculated from the

amounts of components separated on the basis of vísual examinatíon and not from

any direct objective measurement (Bushuk and Sapirstein, L987). As for degree of

soundness, qualifyíng adverbs such as "fairly", "moderately" and "reasonably" are

judgenental factors which cannot be precisely measured. As a result, virÈually

all the grading factors must be visually evaluated by grain inspectors, usÍ.ng

b. fnconsistencÍes ln current gradiug methods. Of all
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judgenent derived from trainíng and experíence. Visual inspection of grain

samples, however, is usually based on relative and not absolute judgements, as

the physical characteristics which make each grading factor vary ín degree are

difficult if not inpossible to quantify subjectively (Sapirstein and Bushuk,

1_989 ) .

The Graín Inspection Division of the CGC has cenüralized control over l-65

grain inspeetors and their assistants (Bevílacqua, L987). Since there rnay well

be differences in experience and therefore judgement from inspecËor to inspector,

one would expect Èo see some inconsistencies in determínaÈion of grade. Table 2

confÍrms this hypothesís. Of a total of 9,11-1 grain samples reinspected at

various locations across Ilestern Canada during the 1988-89 crop yeat, there was

a revisÍon Ín grade in 13.1-* of the samples: I2.g* of the reínspected sarnples

received a higher grade, while 0.28 received a lower grade from that originally

assígned..For the 1985-86, l-986-87 and l-987-88 crop years the numbers are 10.98,

L2.52 and !4.1t, respectívely, for upward grade revisions, and 0.22,0.6* and

0,38, respectively, for downward grade revisions. Speculation still remains about

the 255,006 sanples (96.68) that \üere not reinspected: I.Iould the percentage of

upward grade revisions have been sinilar, lower, or perhaps even higher?

Of all the najor grain companíes, Uníted Grain Growers (UGG) alone

reported that audit results of its grain inventories showeda grade loss of $3.1

urillÍon during the l-986-87 crop year and $700,000 during the Lg87-88 erop year

(ucc, 1989).

From an economic perspective, the increased homogeneÍty of grades of wheat

resulting from the grading process serves to increase both operational- and

pricing efficiency (Futz, 1989) . In order for these two economic criteria to be

xeal-í-zed, ic is extremely important that samples of wheat of che sáme composition
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Grade revisions
trucklots

(Fron

Locat,ion

Thunder Bay
Irlinnipeg
Churchí11
Moose Jaw
Saskatoon
Calgary
Vancouver
Prince Rupert

of $Iestern grain after reinspection of carrots andat various locations for the 1988-89 crop yearCanadian Grain Commission, Annual neport¡

Re-
Inspected inspected

Table 2

gg,7L6
5,79o

972
3, 094
2 ,634
2 ,6LO

LLA,973
34 r 339

TOTAL

Percentage of
total carlots
and trucklots
Percentage of
reinspections

No. of Samples

3 ,653
360

27
306
223

9
3 r42L
L,LL2

264 ,7L7

* less than O.OSU.

Un-
changed

100.0

3,L62
296

2L
206
L43

I
3r130

844

Grades
raÍsed

9, l_11

3.4

100. 0

444
66

6
70
65

1
261_
264

Grades
lowered

7 ,gLO

99.5

85.7

4
1

11

:
2
1

L, L77

o.4

L2.9
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and of similar physical charaeteristics receive the same grade at every poinf of

inspection.

F. Application of Digital- Image Analysis for liltreat Inspectlon and Grading

Under Canada's wheat grading system the determination of grade depends

conpletely on subjective assessments by experÍ-enced grain inspeetors, who have

been trained to skilfully recognize the characteristic patterns of the various

grading factors. Standard grade samples are prepared each year and used as a

reference for vÍ-sual comparisons.

True measurement of quality characteristics by any objective means wÍII

always be preferred by end-users to the use of subjectiwe measuremerrts (Coudíere,

l-990). One technology showíng considerable prornise for objective measurement of

certain grain quality paråmeters is a computer-based neËhodology called dígital

image analysis (DIA). The primary reason for íts potential application for wheat

inspection and grading purposes lies in its capability to quantify, wíth

precísion, speed and consistency, the composition and physical characËeristics

of grain samples usíng parameters which forn the basis of visual inspection (i.e.

object size, shape, brightness, color and texture)(Sapirstein and Bushuk, l-989).
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1. Principles of Digital Inage Analysis

Computer-assísted DIA usually entails quantification and classification of

images and of objects of interest rüithin images (Joyce-Loebl, 1985). It basically

involves the courpuÈer processing and mathenatical analysis of images created by

video cameras and other image-capturing devices. The technique ís capable of

distinguishing between objects on the basis of síze, shape, brightness, textr¡re
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or color. It can also be used to identífy combinations of these attributes

(Ronalds et 41., L987>.

There are essentially four princípal stages to the DIA methodology

(Sapirstein and Bushuk, 19BB):

1. Image acquisítion, digixizaxion and storage
2. Image segmentation and object detection
3. Feature extraction and measurement
4. Analysis

One of the first steps in DIA is the conversion of the analogue signal

(i.e. the picture seen by the video camera) ínto dígital form (i.e. numbers) so

that the information can be processed and stored by the computer. This process

is referred to as írnage digitization and is carried out by an electronÍc

component called the analogue to dígital corrverter. It Ínvolves dividing the

video image into a large number of small elements called pixels (picture

elements) and storing the screen location and tonal value of each pixel for

subsequent computer analysis. The DIA system used by the Grain Industry Research

Group (Food Science Department, UniversÍty ofManitoba) has 640 x 480:307,200

picture elements and the tonal value of each element is stored as one of 256

shades of gray (Eray levels), where black : 0 and white : 255. A typicaL gtay

level frequency distribution for a ICI^IRS carlot sample of 405 kernels is depicted

in Figure 5. The average Eray level value (cLV) of all 885,358 pixels v/as

computed to be 134.5. The average GLV is a measure of the light reflectance, not

the true color, of the wheat sample. The threshold gray level value is set ax 44,

meaníng that any píxel with a GLV of less than 44 ís defined as dark background,

whereas values between 44 and 255 represent the CI.IRS wheat kernels. Image

segmentation and objeet detection are perhaps the most critical steps in DIA.

Segmentation descríbes the act of separating the regions of interest within an
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image from the background whereas object detection is a data-reduction step which

produces a descríption of each object that is more comPact than a líst of co-

ordinates of every pixel it encompasses (Joyce-Loeb1, 1985). The aím is the

perceptíon of all relevant objects ín the ímage and the exact specifícation of

their locatÍons and contours. They are necessary steps ín any DIA system in order

to provide data which allow subsequent analyses to be confined to individual

regions of ínterest only (Sapirstein and Bushuk, l-988).

The ability of DIA systems to extract certain norphological features of

objects and subsequently provide quantÍtative results undoubtedly are some of the

more important reasons why they are being applied to such a wide range of

scientific disciplines. Once the measurements have been made, the results can

be analysed to make sone sort of decision or classifícation. In the cereal

scíence and technology area this has usually meanË attenpting to objectívely

classify the varÍous cereal grains as well as to díscriminate between the various

wheat classes and varieties. As for this particular research projecË, the focus

is on examining the feasíbility of using DIA to distinguísh between three

commercíal grades of CIüRS wheat by measuríng certaín physical characterístics

that are known to contribute to wheat quality. An objective assessment of the

uniformity of these physical quality parameters \^tithin each CIüRS grade will then

also allow for an evaluatíon of the performance of the Canadian wheat grading

system vis â vis the samples used in the study.

Most applications of DIA-specífic technology have traditionally been in

such fields as biouredical inaging, aerial and satellite photo interpretaËion,

industríal robotícs and artíficial íntelligence (Sapirsteín et al., L987).

Recently some studíes have started to use DIA to quantify ímportant quality

factors in various food products such as meat, cheese, pizza crusts, peanut
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butter and peach fruit (Newman, l-984a, b, L987a, b; Híldebrandt and Hirst, 1985;

HeSme et al., l-985; Wassenberg et al., 1-986; Ruegg and Morr, L987; lfhitaker et

al., L987; Stutte, 1989). Cornmon applications in the soíl and crop sciences are

reviewed by Yanuka and Elrick (1985).

The use of DIA to assess Ëhe composition and physical characteristícs of

graín samples represents a ne\ù díscipline in cereal science and technology. Over

the past few years, however, there have been rnany applí.cations: to determine the

physical dimensions of rice kernels (Goodnan and Rao, 1984), to examine the

variation ín kernel morphology ín populations of oat cultivars (Sylons and

Fulcher, 1-988a), to characxerize rudimentary seed shape in dÍfferent crop and

weed species (Draper and TravÍs, L984; Travis and Draper, 1-985) and to quantify

the size-distributíon of starch granules during endosperm dewelopnent in hard red

winter wheat (Bechtel et ê1., l-990). llith respect to more specÍfic gradlng

applicatíons, DIA has been used to discríminate among various cereal grains (Lai

et al., 1986; Ronalds et al., L987; Sapirstein et al., 1-987>, to sPecífically

discrimínate among wheat classes and variexíes (Zayas et al., l-985,1-986; Keefe

and Drapex, L986,1988; Neuman et al., L987, l9ï9a,b; Symons and Fulcher, 1988b,c;

Myers and 8dsa11,1989), and, more recently, to discrirninate among non-cereal

constituents ín wheat samples (Zayas et al., 1-989).



III. }ÍATERIALS AI{D T.ÍETHODS

A. Ilheat Sanples

The wheat samples analysed in thÍs study represented the three most

important commercial grades of the Canada lJestern Red Spring (ClilRS) class. All

samples rrere obtained from the Inspection Division of the Canadian Grain

Commissíon (CGC) who collected them during the May-August 1988 shipping period.

The saurples were provided ín three categoríes: (1) Prinary elevator bin,

(2) Pacific carlot unloads and (3) Pacific third quarter cargo loads. The primary

elevator bin samples c¿rme from primary elevator managers as they were submittíng

wheat samples to the CGC for official grade and proteín determination. The carlot

unloads were samples of indivídual raílcars (frorn various primary elevators) that

unloaded ax Pacifíc Coast terminal elevators. The cargo samples represented

composites of wheat leaving Pacific Coast terminals, being loaded onto ocean-

going vessels for export market destinations. Samples fron both the carlot and

cargo categories vrere taken from streams of grain moving on a belt or through a

spout using auËornatic sampling devíces.

Three Ci,lRS grade levels were obtaÍned for each sample category, giving a

total of 258 samples, each containing roughly 450 to 5009 of wheat (see Table 3) .

It is interesting to note that by far the bulk (78t) of all the carlot unload

samples originated out of Saskatchewan. tr{ith respect to their particular grade

distributíon, 788 of all LCI'IRS, 662 of all 2CIdRS and 65* of all 3CI^IRS carlots

carne frorn that province. These percentage figures are not surprising since they

are consistent with the fact that over 608 of all Prairie wheat ís produced in

Saskatchev¡an. The geographical distribution of the carlot samples is also shown

in Figure 6.
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Table 3

Geographic distribution of c[rrRS wheat samples by sample category and grade

lCWRS
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All
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Man Sask AIta Total
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B. Sanpllng Methods

Fan et al. (L976) referred to the operation of sanpling as being the

withdrawal of srnall quantities from the bulk of a material in such a way that the

withdrawn quantíties are as closely representative of the whole and as simílar

ín structure and consistency as may be practicable under the gíven circu¡nstances.

Sarnpling investigations are said to yield results in terms of the probability

since all samples a;te subject to statistical variations. The authors also

indícate that although experimental errors and operator bias are imposed on these

variations, careful observatlon and analysis can result ln the elíninatlon of the

latter and the reduction of the former.

The overall approach used in this study for preparing individual wheat

samples for the characterization of morphological feaÈures (i.e. kernel sí-ze,

shape, and brightness) is schematically outlined in Fígure 7. All of the samples

received were first stored in the laboratory at room temperature for a period of

up to five months to allow for rnoisture content equÍlÍbration. Consequently, all

test data are reported on an 'as is' moisture basis.

One of the fírst steps ín the overall sarnpling process was to pour each

índívidual saurple (c.450-5009) into a large plastíc container and then to mix it

thoroughly. A scoop was used to withdraw grain from randomly selected areas

within the container to give a c.2L xo 22g subsanple. All dockage and foreign

material were then removed from the subsample by hand-pícking so as to end up

\,ríth 20g of clean l¡heat. The kernel count of the subsample was determined next

with the aid of an electronic seed counter. Thousand kernel weight (TI(lü) was

calculated and the subsample was then stored in a plastic petri dísh. Before the

withdrawal of the second subsample, the reuraining wheat in the plastíc container

(i.e. the main saurple) was re-mÍxed. The entire procedure \úas rePeated until a
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total of three subsamples of 20g each were obtained from each main sautple. The

TKlil data from the subsamples was averaged to gíve a TKtù value for the maín

sample.

The second step was to recombine the three subsamples to give a composite

sample of 609 (Figure 7). The 609 subsaurple was thoroughly mixed by passing Ít

through a Boerner Divider. The subsample was split by the divíder into four

portions of about 12 xo 15 grams (400-500 kernels) each. One of the four portions

was then randornly selected and was counted out (usÍ.ng a vacuum counting plate)

to 400 kernels. This portion then became the measurement sample, being

representative of the main sampfe. eff 400 kernels in the measurement sample were

then morphologically characterized using DIA techniques. The sample size of 400

kernels was selected based on results from a prelÍ-minary experiment, which wíll

be discussed in the next chaPter.

C. Experimental Equipnent and Procedures

l. Thousand Kernel lfeight DeÈernínation

An elecËronic seed counter (Model 850-2, The Old Mill Co., Savage

Industrial Center, Savage, Maryland) was used to determine the weight per

thousand kernels. The device consists of a vibrator, counting bowl, counter,

electric eye, and associated electronic circuitry.

The vibrator causes the wheat kernels to move up a narrow spiral ledge in

síngle file around the sides of the bowl. As the wheat kernels reach the exit at

the top of the bowl they fall indívidually through the beam of an electric eye,

and are recorded on a counter.

Instead of counting exactly 1-,000 kernels and reporting Ëhis value as

"1-,QQQ-kernel count," the kernel count ín a specific weíght of wheat was
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determined as follows:

1_. Prqpare three 2}-gram (t 0.1- gran) subsamples with broken
kernels and foreígn materíal first removed by hand-picking.

Pour weighed subsample into the counting bowl and turn on the
counter, and record count.

Reset counter xo zero, and test the remaining two subsamples.

Awerage the count from the subsamples and calculaÈe the weight
of 1-,000 kernels. This value then becomes the TKIJ for the maín
sample, reported on an 'as ist moisture basís.

2.

3.

TKtl was determined ín this fashíon for 258 samples of CI{RS wheat,

representing three sample categories and three grade levels (Table 3).

The procedure for counting all of the kernels in a specÍfíed weight as

outlined above is thought to be more accurate than weighing the 1,000 kernel

count. Johnson and Hartsing (1963) argue that from a statistical viewpoínt, error

is reduced by counting all of the kernels in the bowl rather than counting the

fÍrst 1,000 kernels which pass the electric eye. In the latter case, the vibrator

ín the counter may select certain kernels ahead of others. The proeedure is also

more convenient and quicker because when a fíxed weight is counted, the bowl does

not have to be ernpËied after each test.

4.

38

2. Image Analysís System

All quantitative measurements of grain norphology were carried out using

the ímage analysís system of the Grain Industry Research Group (GIRG, Food

Science DeparËment, University of Manitoba). The following description of the

various components of the system is adopted fron Sapirstein et al. (1987) and

Sapírstein and Bushuk (1-989), wíth minor nodifications, as basically the saure



system setup rûas used for this particular study.

a. System hardware components. A schematic representatíon of the customízed

image analysis workstation and its najor components is given in Figure 8. The

workstation table vlas designed to accommodate undisturbed viewíng of grain

samples in both reflected and transnítted light. The table rüas centre-cut and

routed to support l-00 x L5mn polystyrene petri dishes into which grain samples

\ùere placed for image acquisition. Lights positioned above and below the

horizontal plane of the grain sanple supply the required illunÍnation. All grain

sample images processed in this study rüere acquired using only reflecued light

(i.e. using the light source positioned above the horizontal plane of the graín

sample). Video images were obtained using a monochrome charge-coupled device

(CCD) camera (Panasonic W-CD 50), fitted with a 50n¡n f-l-.4 fixed focus C-mount

lens (Fujínon Inc.) and a llmm s¡¡snsion tube. Manual iris conÈrol for system

calibration purposes was used throughout the image acquisition phase of the

experiment. Horizontal and vertical camera positioning was accomrnodated usíng a

Bencher M2 (Bencher Inc., Chicago) stand.

Dí-gí-xizaxion and pre-processíng of the NTSC (National Television System

Committee) video c¿rmera output was carried ouÈ using a PC-Vision Plus ("square

pixel" option) image frame grabber (Inaging Technology Inc.). The digitization

board provided 8-bit or 256 Eray level digital ímages, each comprising 640

columns by 480 ro!¡s of picture elements (pixels) with equal vertical and

horizontal densities (Sapirstein and Bushuk, 1989). The frame grabber also

facilitated software control of video signal gain and offset before digítization.

This feature was extremely useful to optímize the dynauric range of digital

inages, which was not possible usÍng lens aperture control alone. Research via
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Figure I
schematlc diagram of cusÈomized image analysis workstatíon usedfn thls study (pc hardware and colór videä monltor not shown)courtesy Dr. H.D. saplrstein, Grain rndustry Research Group

Department of Food Science, University of Manitoba
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srnall-scale experiments by GIRG staff has revealed that the dynamÍc range of

digital grain images appears to be optimized at a video sÍgnal gain and offset

of 70 and 73, respectiwely. The frame grabber was ímplemented in an IBM-AT

compatible personal computer (PC), wí.th 2 rnegabytes of memory running under DOS

3.3, which provided system control and computational PoÌüer. EssenËial PC hardware

included a numeric co-processor to shorten processi-ng tÍure and a 1-50 megabyte

hard dísk used for prograrn, temporary ímage and data storage. After acquisition

and digitízaiion, the digital images were viewed on a color video monitor (Sony

pVM-l-271-Q). A tape cartridge system (Tecmar QIC-60) was used to Permanently store

all digitLzed images and their extracted feature data, each tape having a 60

megabyte capacity. The entire experiment encompassed L,760 Ímages digitized for

a Ëotal of over 70,0OO wheat kernels fron 176 sanples (the prinary elevator bin

samples were not used for reasons outlíned in the dÍscussion of the TK[l results).

This required a storage capacity of roughly 54L negabytes, or about l0 nagnetic

tapes.

b. Sanple lllumlnatlon and systern calÍbration. The illumination system

consisted of a lÍght stand in combinatíon l¡ith a ring lanp assembly positioned

above the table surface (Figure 8). Reflected light ímages of grain samples were

obtained using a conventional 90 degree detection - 45 degree illumination

configuration. Diffuse incidenü light was proví.ded by four incandescent tungsten

filament frosted envelope larnps (Spectro 40 ilatt, color temPerature, 2750 K) in

a ríng configuraxíon (24cn lanp envelope diameter). Inages of grain samples with

kernels positioned in dorsal orientation were routinely acquired from a distance

(lens to object) of 3Ocm, which provided a spatial resolution of 0.0054rnm2 per

pixel.



A working standard for digital inage acquisitÍon consisted of a white opal

acrylic sheet, 2nm in thickness, wíth a nominal light transmíttance of 1-58

(Acrylite 015-FF, Chemacryl Plastics, Rexdale, ON). This material was convenienË

as a síngle l-0 x LOcm sheet facílitated sysËem calíbration under reflected líght

conditíons. This calibration step was perforned prior to each graín image

acquisiËion session in the following rrray: a small central area of interest of the

white opal acrylic sheet was repeatedly dí-gíxí-zed and Èhe lens aperture manually

adjusted (wíth constant frame grabber gain and offset values of 70 and 73,

respectively) until a computedmeangray level (reflectance) value ot 2L5 (t 0.5

gray level) was obtained. The latter represenËed a pre-determined reference

target value Èhat was shown to optínize the dlmamic range of a set of samples

(Sapírstein and Bushuk, 1-989).

c. Obfect perception and feature extractÍon. Previously developed computer

programs for object detection and measurement of kernel size, shape and

brightness (i.e. reflectance) features \üere lüritten in FORTRAN (Microsoft Fortran

4.L) and C (Microsoft C 5.1-) languages, and implemented on the workstation

personal computer. Indívidual objects within a digixized frame were identified

using an iso-density contour following algorithnn (Sapirsteín and Bushuk, 1-989)

based on reflected light images of kernels. The image analysís system was capable

of makíng over 40 separate measurements on each detected object. A listing of

conputed morphological features used in this study is given in Tab1e 4, along

with a geometrical representation of a wheat kernel as seen in Figure 9.

Digítal ínage extracted features were invariant to kernel rotatíon, with

the practical effect that there was no constraint to manually position and

precisely orient individual kernels in a certain way. Nevertheless, indivldual
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Parameter

Table 4

Definition of kernel size, shape and brightness features
computed by digital image analyeis

Definition

AREFL
CLEN
AREA
LENGTH
WTDTH
RAR
NCP
MMAX
MMIN
MAR
THINN
AI.{EC
N2O, N02
l"l21 | l,l02

Mean reflectance of pixels within kernel contour
Contour length (mn) 2Area encloaed by contour (mn-)
Principal axie length (¡run) [i.e. d(AB)l
width of ml-nimum enclosing rectangle (mm) [1.e. d(cD) ]
Rectangular aepect ratlo (LENGTH/WIDTH)
Number of pixels in object contour
Principle major axie centroidal moment of inertia
Principle minor axie centroidal moment of inertia
Moment aspect ratio (N2O/NO2)2
Thinneee ratio [42(AREA) /CLEN-]
Area of minimum encloeing circle centered at centroid
Normalized low order centraÌ moments
Un-normalized Low order central moments

Figure 9

Geometrical representation of a wheat kernel
quantified by digital image

4'j

and morphological features
analysis



kernels needed to be spatÍally separated from each other as the contour following

algorithrn lacks Ëhe capabilíty to identífy the coritour of two or more touching

kernels. The Noz and Nro features are also invariant to object size and so

correspond more directly to a shape characterization (Sapirstein et al., L987;

SapÍrsteín and Bushuk, L989).

D. Statlstlcal Analysf s

Statistícal analysis of exÈracted rnorphological feature data was performed

usíng the SAS statistical package (Versíon 6.03), running under UNIX System V on

the GIRG's HP 9000 Model 350 (Hewlett-Packard Co., Palo Alto, CA) nÍni-computer.

The following statistical procedures (SAS InsËitute Inc., l-988) were used: (1)

MEANS, for calculating unívariate statistics, sueh as mean, variance, standard

deviaËion and coefficÍent of varíatÍon; (2) ANOVA, for analysis of variance, to

test for significance of mean feature differences for the three gtade level

comparisons (i.e. IC!üRS vs. 2Ci,lRS, 2CI{RS vs. 3CI^IRS and 1CIùRS vs. 3CIIRS); (3) REG

for least-squares regression, to determine which subsets of independent variables

"best" explain the varÍation in the dependent or response variable; (4) DISCRIM

for díscriminant analysis and classification, to dewelop and evaluate linear

discriminant models; (5) STEPDISC, for stepwise discrímínant analysís to evaluate

the rnargÍnal contribution of each additional feature added to an existing feature

set in the overall three-way grade level discrimination; and (6) CANDISC, for

canonical discriminant analysis and classification, to graphically evaluate, ín

three dimensional space, the level of discrimination which exists in the data

based on a discríminant model using all or certain combinations of kernel sLze,

shape and brightness features. Units of spatíal measurement for most

morphological feature parameters are in pixels, except for those where a
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transformation was made from pixels to mm or un2 using an object of known sLze.
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IV. RESULTS AND DTSCUSSION

A. Relattonship Between C!ÍRS Grade and Thousand Kernel lfeight

Depending on the gxade and sample category, average thousand kernel weight

(TKI^I) values typically ranged fron 30 to 3l-.5g as summarized in Table 5. These

numbers are in line with the 10-year (L978-87) averages reported by the Canadian

Grain Commission (1989b). In order to determine statistical differences between

Lhe various CIIRS grades, Duncan's New I'tultiple Range Test (Steel and Torríe,

1980) was run usíng the SAS statisËical package. The'results lrere as follows:

1. For the priurary elevator bin samples, there was no significant
difference in mean TKI.I for any of the three possÍble grade level
comparisons (i.e. L vs. 2, 2 vs. 3 and 1 vs. 3CI^IRS).

For the carlot samples, there was no significant dífference in mean
TKI'I for any of the three grade level comparisons at the lt level. At
the 5t level, only the 2 vs. 3CI{RS grade comparison gave
significantly different mean TIC{ values.

For the cargo samples, there was a signífÍcant difference in mean TKIJ
for the 1 vs. 2CI{RS grade comparison only, aË the 58 and l-S

significance lewels.

2.

3.

The variabilicy in TI$I, as measured by its coefficient of ¡ariacion (C.V.)

was highest ín the No.3 grade for all three sample categories. Moreover, the

expectation that there ought to be a progressive Íncrease in TKIÍ variability with

lower grades was confirmed for both the carlot and cargo sample categories.

However, thís trend \üas not observed ín the primary elevator bin sample category,

whère the results showed that on average the No.2 grade was more uniform in TKttr

than the No.l grade. It ís speculated that this reflects the ongoing blending

between these two grades aE prínary elevators. For example, consider the

following situation. An elevator havíng a considerable amount of I-C!üRS wheat

already in storage may blend it with incorning and otherwise 2C!üRS delÍverÍes,
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Relationship between grade and thousand kernel weight
categories of CI{RS wheat ( t as is I moisture

Grade No. of Ave
Samples TI(W (g)

l_

2
3

c!{RS 26
cwRS 27
cütRs 29

1
2
3

cwRs
cwRs
CT{RS

Range
(g)

31,.27
30.89
31.18

Table 5

27
40
36

L
2
3

I Primary Etevat,or Bin Samples

6.81 2.85 L.6g 5.39
5. 30 2 .4L 1. 55 5. 03
6.83 2.90 L.70 5.46

fI Carlot Sarnples

CT{RS
CWRS
cwRs

Variance

30.88
30.58
31.53

25
25
23

std.
Dev.

4.48
8.57
7.96

31.43
30.01
30.25

c. v.

for three sample
basis)

2.O3
3 .33
4.72

1.86
2.40
3.22

III 3rd Quarter Cargo Sarnples

? Decrease in C.V.
Cargo vs. Carlot

L.42
r.82
2.L7

.35

.40

.66

4.6L
5. 96
6.89

.59

.63

.81

1.88
2.LO
2 .68

59.22
64.77
61. 10

s.\



t+8

thereby being able to offer producers a higher grade. This would likely increase

the elevator,s handling percentage in the axea. As a result, some or even all of

the No.1 primary elevator bín samples could be coming from elevators where thís

type of blending occurred. The No.2 sarnples on the other hand may have originated

from elevators where sueh blendíng vas not possíble for lack of l-CIdRS supplíes.

This inrer-grade blendíng (No.1 wíth No.2) as opposed to the intra-grade blending

(No.2 wíth more No.2 producer deliveries) may then explain why the No.1 grade was

less uníform ín TK['J than the No.2 grade. Accordingly, it was decided not to use

the prirnary elevator bin samples for further morphological characterization using

DÏA.

From a grading system performance point of view, one of the more important

results fron the TK['I determínatíon perhaps is that TKtü is much more uní-form (i.e.

it has lower C.V. 's) within each grade in the cargo samples when compared to the

carlot samples. The increase in uniformiËy, as measured by the Percent decrease

in C.V.,s, is 59t, 658 and 6l-t for the No.l, No.2 and No.3 grade, resPectively.

In other words the data provide objeccive evidence showing that Canada's grain

grading and bulk handling system promotes uniformity in at least one quality

parameter as CI^IRS wheat is shípped from country positions to the exPorc market.

The uniforrnity of other CIIRS quality factors, such as kernel sí,ze, shape and

brightness features will be assessed with the aid of DIA technology

B. Determínatíon of Sanple Size for l{orphol-ogical Feature Characterízatíon

1-. The ImporÈance of SanPle Size

In order for statistícal inference to lead to valid conclusions about a

population it is essential that the sample from whÍch the necessary staListics

are derived is both representative and suffícient in size. A theoretical basis



for selectÍng a suitable sample sLze in the case of grinding grain for the

Hagberg falling number test (a test to measure the level of sprout darnage in

grain) is dÍ.scussed by Típp1es (1971). Experimental data were presented

illustrating the magnítude of error írrtrerent in the falling ntrmber determínation

for various sample sizes. A dramatic increase in sËandard error (from + 14 sec.

to t 79 sec.) was observed as sample size üaken for grindíngwas reduced from 250

Eo 259. The author concluded that the recommended sample si,ze f.or the fallíng

number tesË should be increased to a minimu:l of 2509. fncreasing the number of

replicates of a smaller sample grind size was also cited as an effectíve \^ray co

reduce the error. This would, on the other hand, involve consíderably more work.

To resolve the question of what an appropriate sample size night be for

purposes of this study, a preliminary small-scale experiment \üas undertaken. The

specifíc goal was to measr¡re by DIA kernel features in samples of increasing síze

and then use the data to develop an analytical approach for the selection of a

suitably-sized sample. The objective was to reduce sanpling errors which rnight

otherwise mask small differences between the grades.

2. lihat is an Approprlate Sample Size ?

Carlot unload sanples received from the Inspection DivÍsion of the CGC were

used to prepare composíte wheat samples. Indivídual sample sí,zes (in ntrmber of

kernels) for each composite \üere as follows:

For 1-CIdRS:L0,27,81-,1-35,1-89,243,324,405,513, for a total of n: L927;
For 2CI^IRS:1-0,40,80, l-20 ,200 ,240 ,320 ,440 ,520 , for a total of n : 1-930;
For 3C!üRS:10, 36 ,72,L44, L80, 253 ,324,396 ,504, for a total of n : 1919 ;

Kernel features measured for each carlot composite sample lrere contour length,

kernel width, length and area. Results for the lCIdRS, 2CI,üRS and 3CIüRS grades are

summarized in Tables 6, 7 and 8, respectively. In general, the means for each
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Contour length (mm)
Sample
size' Mean Std. Dev. C.V. Mean

Effect of sarnple size on
features in 1 CWRS

10

27

81

135

r_89

243

324

405

s13

for n=
L927

13.95

L4. 07

L4.33

L4.20

14.31

14.38

L4.27

L4.25

L4.28

L4.28

Tab1e 6

1. 06

.74

.94

.86

.98

.91

.96

.95

.90

.93

Size feature and Statistic

DlA-computed kernel síze
carlot composites

7.s6

5.29

6.58

6.04

6.82

6.35

6.73

6 .64

6.28

6.49

Ì{idth (mm)

Std. Dev. C.V.

3.06

3.04

3.08

3.06

3.09

3. 11

3.07

3.07

3.09

3.08

" No. of kernels.

.33

.2L

.26

.27

.30

.25

.29

.29

.28

.28

Length (nn)

Mean Std. Dev. C.V.

10.90

6.7 4

8. 31

8.73

9.81

8. 18

9.28

9.27

9. 18

9.07

5.7L

5.81

5.93

s.88

s.90

s.94

5.89

5.89

5.89

5.90

.36

.31

.43

.38

.43

.40

.43

.4L

.4L

.4t

Area (**t)

Mean Std. Dev. C.V.

6.35

5.33

7.28

6.38

7.26

6.82

7.22

7.03

6.94

6. 98

2L.7 4 3. 51

2L.70 2.3t

22.54 2.87

22.O8 2.82

22.48 3.L4

22.72 2.87

22.36 3.06

22.32 3.05

22.43 2.92

L6.)-6

10.64

L2.72

L2.76

L3.96

L2.64

13.70

13.65

13.01

22.40 2.97 L3.27

(.rl



Contour length (mm)
Sample
size' Mean Std.Dev. C.V. Mean

Effect of sample size on
features in 2 CWRS

10

40

80

]-,20

200

240

320

400

520

for n=
193 0

14.81

L4.7 6

14. 55

L4.59

L4.46

14. 3g

L4 .32

14. 55

L4 .33

L4.43

Table 7

1. 06

.92

.gg

.85

.96

.92

.98

.98

1.00

.97

Size feature and Statistic

DIÀ-conputed kernel size
carlot composites

7.L6

6.23

6.79

5.80

6.66

6.4I

6.87

6.7I

6.99

6.75

width (¡nm)

Std. Dev. C.V.

3.21

3.19

3. 13

3.15

3.09

3.10

3.09

3.13

3.07

3.10

" No.

.35

.28

.26

.28

.29

.29

.31

.28

.29

.29

of kernels.

Length (run)

Mean Std.Dev. C.V.

l_0.99

8.72

8. 19

8.90

9.37

9.23

10. 04

9.03

9.46

9. 38

6.11

6.L2

6.04

6. 01

6.00

5.95

5.91

6.01

5.94

5.97

.46

.39

.47

.40

.42

.4I

.44

.42

.44

.43

Area (**t)

Mean Std.Dev. C.V.

7.58

6.37

7.76

6.73

7.05

6.89

7.36

7.02

7 .46

7.2L

24.L3

24.02

23.27

23 .44

22.8L

22 .65

22.5L

23.L7

22 .46

3.36 13.93

3.05 12.69

3.L2 L3.42

2.83 12.08

3.L4 L3.78

3.01 L3.2A

3.26 L4 .47

3.L4 L3 .54

3.L7 14.13

22.8L 3.15 13.8L

(-fl



Contour length (nrn)
Sample
size' Mean Std.Dev. c.V. Mean

Effect of sanple size on
features in 3 CVüRS

1_0

36

72

L44

180

253

324

396

504

for n=
l_919

L4.9L .73

L4.53 .84

L4.62 .88

L4.72 .94

L4.24 1.10

L4.59 1.01

L4.26 1. 13

14.59 L.02

L4.48 L.02

L4.48 1.04

Table I

Size feature and Statistic

DlA-cornputed kernel sizecarlot composites

4.93

5.90

6.00

6.37

7 .69

6.94

7.94

7.OL

7.08

7.20

width (n¡n)

Std. Dev. C.V.

3.22

3.L4

3.15

3.20

3.07

3.L7

3.07

3.15

3.13

3. 13

" No. of kernels.

.25

.25

.28

.30

.34

.31

.34

.30

.33

.32

Length (nn)

Mean Std. Dev. C.V.

7.75

8.05

9.00

9.28

11.16

9.88

1L.L7

9.66

LO .67

1_O.33

6.L7

6. 00

6. 03

6.04

5.88

6. 01

5.91

6.05

5.99

5.99

.27

.37

.38

.42

.46

.44

.48

.45

.44

.45

Area (rn*t)

Mean Std.Dev. C.V.

4.32

6. 09

6.24

6.88

7.78

7.35

8. 06

7 .44

7.28

7.46

24.23

23.08

23.28

23.78

22.25

23.43

22.33

23 .40

23.07

2.53 10.43

2.76 LL.94

2.98 12.81

3.O7 L2.92

3.s5 15.96

3 .37 L4 .37

3.69 16.53

3.4L l_4. 58

3.50 15. L8

23.05 3.47 15.04

LN
NJ



sLze feature remained relatively stable as sample síze changed. However, the

variability assocíated with each mean changed more irregularly with sample síze

as seen in Fígures 10 and l-l-. Both suggest that the standard deviation and C.V.

tend to stabilize at sample sizes in the neÍghbourhood of 350 to 400 kernels,

depending on grade.

According to statÍstÍcal theory (Bhattacharrya and Johnson, L977), the key

factors that determine an appropriate sample size fot any experiment are the

degree of variability dÍsplayed by the experimental units and the degree of error

tolerated by the investigator. For example, suppose the standard deviation (o)

of a particular population of interest is known. Theory of statistics

(Bhattachatrya and Johnson, L977> then gives the formula for a 100(1-a)t error

bound for the estimation of ¡.r by X as

In order to be 100(1-c)t sure that the error does not exceed an amounË d, the

ínvestigator must have

)J

Zstz

This gives an equation in which n is unknown. Solving for n gives

2

o
Zatz -:d

y'n

n:
I

I

t_
- -"-"-':-? -

d

(1.0)

I

I

_l

(1.1)

(L.2)



Figulre 10
Effect of sample size on the standard. deviation

of rrìean kernel contour length (*rrr)
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Figu re I I
Effect of sample size on the coefficient of

variation of mean kernel contour length (-^)
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where i o : the standard deviation of
d : the tolerable error;

Zatz : the uPPer a/2 Poí.nx of the
, q: the level of significance,

which determines the requíred sample slze. At this point it should be noted that

knowledge of o or at least a close approxímation of o is required to compute n.

If o is completely unknown, a preliminary sampling experiment is necessary to

obtaí.n its estimate.

. Esrimares of o for 1CWRS (wL927), 2CI^IRS (n:1-930) and 3CIIRS (n:191-9) for

al1 four kernel size features are given in Tables 6,7 and 8, respectively.

Equation (1.2) was then used to calculate n for all three grades using the

contour length feature as an exarnple. Assuming a 95* certainty (i.e. q : .05)

that the error of estimation does not exceed 0.1-0 (i.e. d: 0.10rnur), the required

sample sizes then are 333, 362 and 416 kernels for the I-C!üRS, 2CI{RS and 3C!üRS

grades, respectivelY.

Equation (1.2) also shows that the sanple size n is dírectly related to o

(i.e. its estinate s) and ínversely related to d. If o increases, n increases;

if d, the tolerable measurement e:rrot increases, then n decreases accordingly.

These relationships are also illustrated graphícally ín Figure i-2. Along the

ordinate are values for the term s/,tn (L e. the estimate of o/,ln) and along the

abscissa are values for n. Using Z.ozs: L.96 and d:0.1-0, it follows from

Equaríon (1.1) that s/ún: .05. If a line ís now drawnparallel to the abscissa

until each of the three curves is intersecÈed, the sanple sizes of 333, 362 and

4L6 ean then be read off. The higher sanple sizes for the lower grades reflects

a higher degree of variability in kernel size, which in turn Ís due to higher

tolerances for the various grading factors. Therefore, in order to maintain the

the populatÍon of interest;

standard normal distribution;
cotntnonly .05;
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Figure L2

Theoretical relationship between standard deviat.ion of mean kernel
contour rength and sample size for three grades of cl{RS rsheat
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same degree of error when estimating the

shape and brightness, sample size should

grade samples are being anal-yzed with DIA.

C. Relatlonship Betlyeen C!ÍRS Grade and Uniformity of lforphological Features

SixËeen morphologÍcal features (see Table 4 for a more deËailed

description) were quantifíed on a kernel by kernel basÍs for both the carlot and

car1o samples, as rûell as for an export standard sanple. The export standard was

obtained as a check against which the cargo results could then be compared. It

\ùas prepared by the CGC duríng the 1987-88 crop year to facilitate the gradíng

of CtrüRS wheat leavíng terminal, transfer and process elevators. Six of the

sixteen features quantified aspects of kernel size (CLEN, AREA, LENGTH, I^IIDTH,

NCP, AMEC), níne described elenents of kernel shape (THINN, RAR, MMAX, MIIIN, MAR,

N20, NO2, M2O, M02) and one measured kernel bríghtness (AREFL). The distribution

of each feature r,t¡ithin each grade qras esËimated in terms of its mean value and

standard deviaËion. A coefficient of variation (C.V.) was also calculated:

sample distributíon of kernel size,

be increased progressively as lower

58

On the basis of thís C.V., assessments were made as to the relative uniformity

of each feature, within each grade, between different grades of the same sample

category, and between two different sample categories (carlot vs. cargo) of the

same grade.

c.v. (8)
std. dev.

sample mean
x 100 (1.3)



1. Carlot Samples

A total of l-03 carlot samples, of which 27 were graded as ICI,'IRS, 40 as

2CI^IRS and 36 as 3CI{RS, lrere norphologically characterLzedby DIA. Values for the

statistics descríbing the distribution of each morphological feature within each

carlot grade are su¡nmarLzed in Table 9.

One characteristic which could be distÍnguished subjectively between the

Lhree grades Ttras the proportion of bleached kernels in the sample and the

variability in the degree to which individual kernels were bleached. The ICI{RS

grade contained by far the largest proportion of mature, sound and dark (red)

colored kernels with relatively tittle variability. The 3CI^IRS grade, on the other

hand, consisted of wery few such kernels, some of them appearing frost damaged,

but the bulk beÍng immature or weathered to varying degrees. The degree of

bleaching among the kernels also appeared the least uniform. Most of these

observaËions were índeed confirned by the data in Table g, with the 3C\{RS

samples, on average having a higher value for average reflectance when compared

ro the ICI{RS samples (138.38 vs. l-36.33 pixels). Higher average reflectance

values were due to the presence of relauively more bright objects which reflect

more light than darker. objects. As a result, higher values for average

reflectance vrere indfcative of a greater proportíon of bleached kernels in the

sample and vice versa.

It is ínteresting to note that the mean value for average reflecLance vras

lower in the No.3 grade'when compared to the No.2 grade (138.38 vs. l-40.71). This

appears üo be inconsistenË with the expectation that the No.3 grade should

contain a relatívely higher proportion of bleached kernels, leading to higher

values for average reflectance. However, thís resul.t ís proba-bly indicative of

grading factors other than bleached kernels (e.g. dark irnmature, smudge,
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Relationship between cI{Rs grade and morphological featuresin carlot wheat sarnplás

Paranetera

AREFL 136.33 4.23
THrNN ^ .75 .011
AREA(nm') 22.25 .65
CLEN(mn) 13.95 .L4
NCP 166.30 1.48
WIDTH (mn) 2.99 . og
LENcTH(mn) S. so . 07
RÀR 1.95 .06
MMAX 338.54 6.49
MMIN 90.45 5.09
I,IAR 3 .96 .25
AITÍEC 862 .63 57 .62
N20 .16 .005
N02 .04 .0013
M20 1.17808 3. OOEO6
vIoz 1. 13806 8 .42F04

Average

Mean

l-c!{RSb

Table 9

Std.Dev. C.V,

Carlot Grade and Statistic

3. L1
1.46
2.90

.99

.89
2.82
L.t4
3.09
L.92
5.62
6.36
6.68
3.19
3.10
2.57
7 .47

3.33

I units of measqrement are in pixels, unless indicated otherwise.o n:27. " n=40. o ,r=¡ã: 
--- s'¡¿vee ¿¡rurvqu=\¡

Mean

L40.7L
.75

22.34
14.01

L67.09
2.98
s.84
L.97

343.33
89.93
3.94

856.35
.16
.04

1. 18E08
l_. 13806

2CtfRSc

Std. Dev. C.V.

4 .84
.013
.68
.16

L.87
.09
.08
.07

9.09
5. 36

.28
59. 51

.006
. oo14

3.68806
8.59E04

3.44
L.7 0
3.05
r-. 13
L.L2
2.98
1.31
3.48
2.65
5.96
7.L4
6.95
3.59
3.50
3.13
7 .60

3 .67

Mean

138.38
.75

22.75
14.11

L67.9L
3. 03
5. 85
L.94

344.L5
93.07

3 .83
891,.92

.16

.04
1.19EO8
1.19806

3CWRSd

Std. Dev. C. V.

l

i

4.7 4
.oLz
.86
.2L

2.43
.10
.09
.07

10.41
6.27

.30
69.67

.006
.0015

4.57806
1. 06805

3 .43
1.61
3.78
L.49
r.46
3 .45
L.49
3.65
3. 03
6.7 4
7.83
7.8L
3.88
3.73
3.86
8.85

4.L3

o\



blackpoint, grass green, mildew, ergot, etc.) that may have contributed to the

determination of the No.3 grade. For exarnple, maximum tolerances for grass green

and dark ímmature kernels are increased, respectívely, f.rom 2.08 to 10.08 and

f.rom 2.58 to 10.08 when comparing the No.2 arrd Èhe No.3 grades (see AppendÍx I,

p.1,27). The presence of kernels with a darkened seed coat as a result of these

factors would then lower the mean value for average reflectance.

Kernels from the 3CldRS samples r{ere, in terms of area, on average 2.25*

larger than those found in l-ClüRS (22.75nm2 vs. 22.25nm2), but only 1-.848 larger

than those from the 2CIùRS samples (22.75aw2 vs. 22.34urn2). The 3CWRS kernels were

also the wídest and the longest, whích translates into the híghest value for the

corrtour length feature. Most of these size dífferences (especially between the

No.3 and the No.1 grade) were lÍkely due to extensive weathering (periods of

wetting and drying) that C!üRS wheat has been exposed to before harvest while

stíll lying in windrows. l,Iet kernels will swell as they imbibe \^rater. However,

they wÍll not return to theÍr originaL size after a períod of dryÍng (Swanson,

L94L), leaving then slightly larger than before. As a resulË of thís phenomenon,

Ci.IRS wheat that has been downgraded to No.3 will be considerably more bleached

and also slightly larger in size when compared to the No.l- and No.2 grades.

The No.3 grade was also the least uníform. Comparing the degree of

variability ín kernel area between the No.3 and No.l grade, the C.V. increased

frour 2.908 for ICI^IRS to 3 . 78t for 3CI^]RS . The No.2 grade was Íntermediate in

uniformity. In terms ofkernel area, itwas slightlymore uniform than the No.3

grade (3.05t vs. 3.788), but still somevrhat less uníform than the No.1 grade

(3.05t vs. 2.908)(see Table 9). Sirnílar relatíonships between grade level and the

degree of uniformity were also observed for the remaining morphological features.

The average C.V. for all síxteen features progressívely increased as grade drops,

1...i:_, . :.: 1..1-ì--...*
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from 3.338 for ]-CI,IRS ro 3.672 f.or 2CI^]RS Xo 4.1-3t for 3CI^IRS.

Relative changes in uniformíty with grade level for each feature are given

in Table l-0. With the exception of average reflectance (AREFL) and thinness ratio

(THINN), there was a steady increase in the percent change in C.V. as grade

dropped. For nine features (AREA, CLEN, NCP, üIIDTH, LENGTH, MMIN, AMEC, M20, I{02)

the percent increase ín C.V. from the No.1 Co the No.3 grade rsas more than twice

the percent increase in C.V. from the No.l- to the No.2 gtade, while for five

features (RAR, MllAX, l4AR, N20, N02) it was between l-.4 and 1.9 times. Averaging

over all features, there rras a L3.422 increase in C.V. from the No.1 to the No.2

gtade, a 1-3.68t increase from the No.2 to the No.3 grade, and a 29-068 increase

from the No.1 to the No.3 grade.

Differences in the relative change in unifonnity of norphological features

from the üop CI{RS grade to the lowest CIITRS grade were to a large extent a

reflection of the relative changes in tolerance levels of pertinent grading

factors. Tolerance levels for grading factors such as the maximtrn limits of

wheats of other classes or varieties and the allowable proportion of sprouted,

grass green, dark írnmature, and shrunken kernels are relaxed to a marginally

greater extent ín the grading guide from the No.2 to the No.3 grade compared to

those from the No.l- to the No.2 grade. For exanple, there is no liniË to the

percentage of shrunken kernels allowed Ín the No.3 grade, whereas tolerances of

6.0t and l-0.0S apply to Ëhe No.l- and No.2 grade, respectively (Canadian Graín

Comnission, L989a). These relative changes in tolerance levels for the varlous

grading factors affect the degree of unifornity of kernel sLze, shape and

brightness features, with the No.3 grade becomÍng the least uníform and the No.1

grade the most uniform.



Changes in uniformity of

Parameter"

AREFL
THTNN
AREA(mm')
CLEN (mn)
NCP
T{IDTH(nn)
LENGTH (nn)
RAR
MMAX
MMTN
MAR
AI{EC
N20
N02
M20
M02

Àverage

Table L0

morphological features with carlot grades

2CI{RS
vs.
1C!{RS

10.61
L6 .44
5.L7

L4.L4
25.84

5 .67
L4.9L
L2.62
38.02
6.05

L2.26
4.04

L2.54
L2.90
2L.79

L.7 4

L3.42

å Change in C.V.

3ChrRs
vs.
2CTfRS

t units of measurement are in pixels, unless indicated otherwise.

-o.29
-5.29
23.93
31.86
30. 36
L5.77
L3.74
4.89

L4.34
13.09

9 .66
L2.37
8.08
6.57

23.32
L6 .45

13.68

3CWRS
'vs.
1CII¡RS

LO.29
LO.27
30.34
50.51
64.04
22.34
30.70
L8.L2
57.8L
19.93
23.LL
L6.92
2L.63
20.32
s0. 19
L8 .47

29.06

o\(,
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2. 1987-88 Export Standard

Export standard samples are used for most grades of lJestern Canadian wheat

to govern grading of shipments out of terminal, Èransfer and process elevators.

They are prepared each year by a I,Iestern Standards CommíËtee and approved by the

CGC. The export standards are higher ín quality than the original primary

standards for the same grades because they are prepared to rePresent the average

of the grade rather than the minimum that is represented by the primary standard

samples (Bushuk, l-986b).

Foreign naterial and dockage were removed by hand-picking from each sarnple

grade of the 1987-88 export standard obtained from the CGC's Inspecti.on Division.

The sampl-e sizes were L344 kernels for 1C!üRS , 1434 kernels for 2CIüRS, and 1382

kernels for 3CI,IRS, or an equiwalent of 40 to 45g per grade. Each exPort standard

grade was then morphologically characterized by DIA with the results presented

in Table l-1.

It should be noted that the quantitative results sumnarized in Table 11 are

based on an average of between 1344 and L434 kernels usí-ng only one sarnple per

grade, whereas the carlot and cax1o results were based on 400 kernels per sample,

using anywhere fron 23 (3CI{RS Cargo) to 40 (2CI^IRS Carlot) samples, depending on

grade and sample category (see Table 3). In other words, the carlot and cargo

means are really means of sample mea¡s, whereas the export standard means are

just rneans of one sample. Sínilarly, the coefficient of variatíon calculated for

the carloË and cargo samples measures the variatíon among the varíous sample

means wiÈhin each grade, whereas in the export standard sanple it measures the

variation among Índividual observations (i.e. kernels). The variability among

individual kernels in one sample is significantly greater- than the variability

among means of several samples. This is demonstrated by the fact that C.V.'s are



Relationship
in

Parametera

AREFL 141.15 11.31
THINN ^ .73 .0398
AREÀ(mn') 2L.32 3.60
CLEN(rnrn) L3.72 t. Og
NCP L64.72 L2.97
WIDTH (rm) 2.83 .34
LENGTH (nn) 5 .79 .46
RAR 2.06 .22
MMAX 339.38 51.07
MMIN gz.LL 19.06
MAR 4.3L L.O2
AITÍEC 7 68 .65 2LO . 44
N20 .16 .0189
N02 .04 .0041
M20 1.10808 2.OLEO7
M02 9.74EOs 3.57EOs

Average

between CWRS
the 1987-88

Mean

LCt^¡RSb

Table 11

Std.Dev. C.V.

Export Standard Grade and Statistic

grade and morphological features
export standard sample

8. OL
5.45

16.91_
7.88
7.87

11.90
7.89

10.88
10.88
23.2L
23.64
27.38
LL.43
LO .42
L8.2L
36.63

L4.9L

I units of measurement areo tt:L344 kernels. c n:1434

Mean

L44.66
.72

2I.L9
t3.76

165.45
2.78
5.84
2.L2

347.52
79.20
4.60

736.52
.L7
.04

1.11808
9.49805

2CWRSG

Std.Dev. C.V.

LL.67
.0430

3 .86
1. 15

L3 .69
.35
.48
.23

53.11
L9.48
L.t2

2L7.47
.0199
.0039

2.18807
3.67805

8.06
5.97

L8.20
8.34
8.28

L2.7L
8.20

10. 96
15.28
24.59
24 .45
29.53
11.68
10.36
19.61
38.64

15.93

in pixels,, unless
kernels. - n:l-382

Mean

L43.39
.73

20.90
13.60

163.48
2.79
5.73
2.O8

335.25
80.20
4.42

7 46 .64
.L7
.04

1. 08808
9. 38805

3CWRSd

Std. Dev. C. V.

L2.34
.0460
3.90
L.L4

13.58
.38
.49
.26

53.40
2L.28
L.20

234 .65
. 0220
. oo47

2.L5EO7
3 .91805

indicated otherwise.
kernels.

8.60
6.32

18.64
8.39
8.31

]-3.52
8.56

L2.59
15.93
26.53
27.03
3L.43
r.3.18
1,2.LL
L9.93
4L.63

L7.04

o\
l..fl



on average about four times higher in the export standard compared to carlot

samples and more than ten tines higher when compared to cargo samples. As a

result, any comparisons between C.V.'s of export standard features and C.V.'s of

the same carlot and cargo features are noË neaningful. However, variability

differences in kernel features between the three export standard grades can still

be analysed.

Although no consistent relationship l¡as observed between the three grade

levels and mean values for the various kernel sLze, shape and brightness

features, their variability patterns wiÈh a lowering of grade rtrere comparable to

those found in the carlot sanples. Variabílity progressívely increased with

decreasing gtade level for fÍfteen of the sixteen features. The average C.V. for

all features increased from a 1ow of L4.91t for the No.1- grade, to 15.938 for the

No.2 grade, and to a high of L7.04t for the No.3 grade.

The rate of change in unifomity within each grade as grade dropped is

summarized in TableL2. Averaging over all features, there rüas a 7.05t increase

in variabilicy as grade was lowered frorn No.1 to No.2, a 6.86t increase from No.2

to No.3, and a L4.252 increase fron No.l- to No.3. As expected, the percent

increase in variability was highest from the No.l to the No.3 grade, being

slightly more than twice the percent increase from the No.l to the No.2 and frour

the No.2 xo the No.3 grade.
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3. Cargo Sanples

The CI^IRS cargo grades that were analysed consisted of. 25 samples Lhat

graded No.l, 25 samples that graded No.2, and 23 sarnples that graded No.3.

QuantÍtatÍ.ve measurements for each morphological feature are gÍven in Table l-3.

Again, the 3C!üRS samples, on average, had a hígher average reflectance than the



Changes in uniformity of morphological features
export standard grades

Parametera

ÀREFL
THINN
AREA(rnrn')
CLEN (nn)
NCP
wIDrH (nm)
LENGTH (mm)
RÃR
MMAX
MMIN
MAR
A¡¡TEC
N20
N02
vI20
M02

Average

Tabl-e L2

2CVüRS
vs.
lCWRS

o .62
9.54
7 .63
5. 84
5.2L
6.81
3.93
o.7 4

40 .44
5.95
3 .43
7.85
2.L9

-0.58
7 .69
5 .49

7.05

Z Change in C.V.

t^rith 1987-88

3C$IRS
vs.
2CWRS

" units

6.70
5.86
2.42
0.60
0.36
6.37
4.39

L4.87
4.25
7.89

10.55
6.43

L2.84
16.89
1. 63
7.74

6.86

of measurement are in pixels, unless indicated otherwise.

3Cl'lRS
vs.
lCWRS

7.37
L5.96
LO.23
6.47
5.59

.13.61
8.49

L5.72'46.42
L4.30
L4.34
L4.79
15.31
L6.22

9 .45
13.65

]-4.25

o\
!



Relationship between
in

Parametera

AREFI,
THINN )
ÀREA (mn')
CLEN (mn)
NCP
I{IDTH(nn)
LENGTH (mm)
RAR
MMÀX
MMTN
l,lAR
AT{EC
N20
NO2
M20
MO2

Average

Mean Std.Dev. C.V.

L37.aL
.76

2L.96
L3.7L

L64.52
2.96
5.66
1.93

329.36
89.37
3.79

844.23
.15
.04

1. 14808
1. 07806

ICWRSb

CI{RS grade and morphological features
cargo wheat samples

Tab1e 13

1. 13
.004
.28
.08
.91
.03
.04
.02

3.67
L.67

.07
L7.96

.001
.'0004

2.09806
3 .7 4EO4

Cargo Grade and Statistic

.42

.47
1.29

.59

.56

.95

.7t

.98
1.11
L.87
1. 80
2.L3

.90

.85
1.82
3 .49

1.27

2CWRSC

Mean Std.Dev. C.V.

I units gf measu¡ement are in pixels, unless indicated otherwise.b n=25. " n=25. d n:23.

L42.33
.75

2L.75
13.70

L64.57
2.9L
5.69
L.97

332.99
86.85
3.95

815.86
.16
.04

1. 14808
1. 04806

L.69
.004
.27
.08
.93
.03
.o4
.02

3. s5
1.65

.07
18 .86

.001
.0004

1.71806
3.16804

1. 19
.51_

L.25
.57
.56
.97
.69
.9r

L.07
1.90
L.7 4
2.3L

.88

.88
1. s0
3. 04

L.25

Mean

L42 . 06
.75

21".95
L3.75

L65.L7
2.93
5.70
1. 96

335. 18
87.95
3.95

827.60
.16
.04

1.14808
1. 07806

3CWRSd

Std. Dev. C.V.

1.81
.004
.30
.08
.98
.03
.o4
.02

3.90
L.99

.09
2L.L2

.002
.0005

2.27E'06
3.88804

1,.27
.54

L.37
.61
.59

1. 13
.67

1,. L4
1. 16
2.26
2.26
2.55
1. l-4
l_. 13
1. 99
3.64

7.47

o\
æ



1CWRS samples, índicating the presence of a larger pïoportion of bleached kernels

in the 3CI,üRS grade. However, average reflectance rÍas slightly lower when

comparíng the No.3 grade to the No.2 grad.e (L42.06 vs. L42.33, respectívely),

even though one would expect the No.3 grade to contain the highesL proportion of

bleached kernels and accordingly give the highest value for average reflectance.

Again, as was the case ín the carloL samples, this result likely indicates that

grading factors other than bleached kernels were operational during the grading

process. Factors such as dark immature and grass green kernels would have had a

darkening effect on the seed eoaÈ, makíng it reflect less líght and thereby lower

the average reflectance of the samples.

Ïn terms of kernel sLze, there was little difference between the three

grades, as indicated by the AREA, CLEN, NCP, IIIDTH, and LENGTH features. Mean

values for contour length, length, and number of contour pixels were only

slightly (<1*) higher for 3CI^IRS. Kernels from the No.1- grade were on average lt

wider than those from the No.3 grade (2.96mrn vs. 2.93mm).

The low average C.V.'s for the 1CWRS features índicates a high degree of

uniformity. C.V.'s ranged from a low of .472 for thinness ratio (THINN) to a high

of 3.492 for the unnormalized low order central moment along Èhe mi-nor axis

(M02). The average C.V. for all sixteen features was 1.27* for the No.l grade.

There \¡ras very little difference ín uniformity between the No.l and the No.2

grade. In fact, nine of the sixteen morphological features 'nrere slightly more

uniform,ín the 2CWRS grade, yieldíng an overall average C.V. of 1.252. The No.3

grade was again the least uniform, with an average C.V. for all features of

L.472.
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Table 14 shows the percent change ín uniforurity for each feature as grade

changes. Combining all features, there was a .838 increase invariabilitv from



Changes in uniforrnity

Parametera

Table L4

of norphological

.AREFL
THINN
ÀREA(¡nrn')
CLEN (nn)
NCP
WIDTH (mm)
LENGTH (mn)
RAR
MMAX
MMIN
MAR

^AI{EC
N20
N02
NT2O

vlo2

Average

2CI^7RS
vs.
lCWRS

features with cargo grades

45.L2
8.51

-3.10
-3.39
0.00
2.tL

-2.82
-7.14
-3.60
1.60

-3.33
8.45

-2.22
3.53

-17.58
-]-2.89

0.83

å Change in C.V.

3CWRS
vs.
2CWRS

" units of measurement are in píxe1s, unless indicated other¡rise.

6.72
5.88
9.60
7.02
5.36

L6.49
-2.90
25.27
8.4L

18.95
29.89
10.39
29.55
28.4L
32.67
L9.74

L5.72

3CWRS
VS.
r.cwRs

54. B8
L4.89
6.20
3.39
5. 36

18.95
-5.63
16.33
4.50

20.86
25.56
L9.72
26.67
32.94
9.34
4.30

L6.L4

!
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the No.l- to the No.2 grade, a 1-5.72* increase from Ëhe No.2 xo the No.3 grade,

and a l-6.L4t lncrease from the No.l to the No.3 grade. As in the carloË samples,

one of the main reasons that the No.3 grade \üas the least uniform was because the

least stringent grading specifications generally apply to this grade. The highest

levels of weather-related degrading factors such as bleached, imrnature, frosted

and sprouted kernels are allowed in this grade, which is ultimately reflected in

low uniforrnities for kernel slze, shape and brightness features.

4. Cargo - Garlot Unlformlty Differences

A connparison of the relative uniformity of each norphological feature in

cargo as opposed to carlot grades is given in Table l-5. The data point to a

significant increase in uniformity (indícated by the negative percenË changes in

C.V.) for each of the sixteen features. Conparing cargo to carlot samples, the

average C.V. for all feaËures dropped by 57.642 f.or the lCl{RS, 63.45t for the

2CI,IRS, and 63.57t for the 3CWRS grade.

Changes in unifornity wíth grade level for both carlot and eargo samples

are graphically displayed in Figures 13, L4, and 15 using a selected number of

features. Figure 13, for example, shows the gradual decrease in uniformity in

kernel width as grade dropped, for both sample categoríes, illustrated by the

relative height differences in the bars. For kernel area (Figure 14) , both sample

categoríes again showed a decrease in unifornity with lower C!üRS grades, although

the relative changes in uníformíty with grade were slightly more pronounced in

the carlot samples. A sinilar trend was observed when comparing average C.V.

values for all sixteen features, as shown in Figure 15. Note that for all Ëhree

Fígures the carlot bars are always higher than the cargo bars, indicatíng that

each cargo grade is more uniforn than its corresPonding carlot grade.



A comparison of the relative
in cargo

Parametera

AREFL
THINN )
ÀREA (nm-)
CLEN (mn)
NCP
I{IDTH(nn)
LENGTH (mn)
RAR
l,ÎMA,X
MMÏN
I,ÍAR
AI{EC
N20
NO2
M20
M02

Average

Table 15

uniformity of morphological features
and carlot grades

1CWRS Cargo
vs.

1CWRS Carlot

-73.63
-67.8L
-55.52
-40.40
-37. 08
-66.31
-37.72
-68.29
-42.L9
-66.73
-7L.7 0
-68. 11
-'1L.79
-72.58
-29.L8
-s3.28

-57 .64

å Change in C.V.

2CI{RS Cargo
vs.

2CI{RS Carlot

" Units of measurement are in pixels, unless indicated otherwise.

-65.4L
-70.00
-59.O2
-49.56
-50.00
-67.45
-47.33
-73.85
-59.62
-68.12
-75 .63
-66.76
-75 .49
-7 4 .86
-52. 08
-60.00

-63 .45

3CVIRS Cargo
vs.

3CWRS Carlot

-62.97
-66.46
-63 .7 6
-59.06
-59.59
-67.25
-55.03
-68.77
-6L.72
-66.47
-7L.14
-67.35
-7 0 .62
-69.7L
-48.45
-58.87

-63.57
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Figure 13
uniformity differences in kernel width between

c arlot and c argo gr ade s
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Figulre I4
uniformity differences in kernel area between

c arlot and c argo gr ade s
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Figure 15
uniformity differences between carlot and cargo
grades averaging over all morphologic al fe atures
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The more uníform cargo grades as opposed to their carlot counterparts

provides direct support for the argument that Canada's grain grading and bulk

handlíng system is effective in promoting uniformity as Canadian wheat is shipped

from prímary elevator to terminal elevator positíons (Típples, L979).

A uníque feature of the Canadian system is that a síngle parcel of wheat

is graded three times (Bushuk, l-9S6b): (1) by the primary elevator oPerator at

the time it is delivered ínto the country elevator or by the CGC if the offered

grade, dockage or moisture content are disputed by the gxo\rer; (2) on arrival at

the termÍna1 elevator; and (3) during loading into a cargo vessel prior to

export. These three stages of grading a;re integrated wíth the bulk handling

system as shown in Figure 16.

Tr,¡o quality standards aîe used to facilitate this three-stage grading

process: the primary sËandard and the export standard. !Íhi1e a primary standard

exists for all grains, an exporË standard applíes only to certaín grades of

wheat, oats and barley. The primary standard is based on the grade specifications

laid down by the CGC and represents the minímum requiremenËs of the grade with

respect to the visual grading factors. It ís used only as a wísual guide to

grading grain before and on receipt at termínal elevators and shipments from

terminal eLevators when no export sËandard sample ís established for a grade

(Bushuk, 1986b). The requÍrements under the export standard are more stringent.

This becomes possible since in meeting the primary standard a number of the

characteristics of the grain nornally exceed the minirnun requirements.

Consequently, when dífferent lots of grain meeting the primary standard are

mixed, the grain then exceeds the requirements in all respects (Canada Grains

Council, L982). Export standard samples are established to rePresent the average

of the grade received and are used for most grades of lùestern Canadian wheat to
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govern the grading of shípments ouË of terminal, Ëransfer andprocess elevaËors.

The overall meríts of having such a two standard system were questioned

in two reports, both prepared by the Grain Grading Committee of the Canada Grains

Council after having extensively studied and consulted with partícÍpants in

Canada,s grain grading system (Canada Grains Council, L982; 1-985). One of the

recommendatÍons put forward in both reports was to narrow the differences between

the primary and the export standard for those grades to which both apply, with

the ultimate goal of having only one standard for Canadian grain. The Committee

argued that the degree of "ímprovement" called for in the individual

characteristics in the export standard for a grade is not consistent as compared

üo the prÍrnary standard. Iü indicated that for some characteristÍcs there is a

signíficant difference in the requírements under the primary and the exPort

standard while for others the requirements are the same.

A fundamental weakness with the Grain Grading Committee's recommendation

is that it is based on an analysis which lacks objectíve detail. The Conmíttee

even admits to this by noting that " an in-depth assessment of the merits of the

tvro standards would be difficult and time consuming" (Canada Graíns Council,

L982, p.L23). Secondly, based on objective evidence, this research project found

no support for the Conmittee's argument. In fact, for each of the kerneL sLze,

shape and brightness features quantified with DIA, there was a consistent

Íncrease ín uníforrnity (rangíng anywhere from 378 to 758) across all three grades

from carlot to cargo samples (see Table 15). Although the blendíng of carlots

within the same grade is probably nore signíficant, the use of the export

standard has also contributed üo the consistent and substantial increase in

kernel feature uniformity. Narrowing the differentíals between the two standards

by lowering requirements for the export standard as suggested by the Committee
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ought not to be pursued for the sinple reason that it may otherwise seríously

compromíse on the uniformity of quatity in exPort shipments of Canadian wheat'

The use of export standard samples for the gtadÍ¡ng of wheat destined for the

export market assures buyers that they wíll receíve at least the average - not

the minimum - quality of each grade. Certification by the Inspection Division of

the CGC that export shipments have been subjected to this grading procedure has

proven so dependable over the years that iurporters aecept shípments of Canadian

wheat on the basis of the Certificate Final accompanying the shipnent, without

requiríng any samples of the wheat before shípnent (i'Iilson, L979> .

D. Relattonship Between Thousand KerneMelght and Kernel Size and Shape

Regression analysís lúas used to estimate the influence of kernel sLze and

shape features on thousand kernel weight (TI(!l). A plot of TKW vs' kernel atea

for 103 carlot wheat samples is shown in Figure 17, with the ngmerical values

representing the CI,IRS grade that was assfgned to each individual sample ' The

least squares regression line is estimated as

The coeffLcienx 2.23 in Equatíon (1.4) is statistically sígnificant given its

Large (>2) t value. The interpretatíon of the coefficient ís as follows: for

a 1mm2 increase ín kernel area, TKI{ would on average, increase by 2.239. The

coefficíent of determínation (r2) of 0.809 means that 8Lt of the varíatíon in TK!ü

can be explained by kernel area. The value for the coefficient of correlation

(r) is +.90, while the standard error of the TKtü estirnate is 0'0819'

TIff : -19.03 + 2.23 AREA
(t:20.69)

(Pr>ltl:.0001)

r2 : 0.809 (1.4)



Figure L7

Relatlonship between thousand kernel wefght (TICIù, g) and kernel area (rnm2¡
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Kernel shape can be measured through the relation of kernel length to

kernel width together with the pattern or form of the kernel' As indicated in

Figure 18, the most conmon kernel shapes for wheat can described as short'

rnidlong or long, and as oval, ovate or elliptical when viewed from the dorsal

side. An ovaËe kernel is broader at the germ end and has an egg-shaped

appearance. An elliptical kernel is narro\'tl in relation to length and is rounded

at the ends. An oval kernel j-s broad across the center and taPered slighcly

toward both ends (Canadian Grain Conmission' L97L> '

Ttre kernel shapes described above vilere quantified through the rectangular

aspect ratio (RAR), which is sirnply the ratio of kernel length divided by kernel

width. The observed inverse rel-ationship between TK!il and Rl\R is depicted in

Figure l-9, which can be described as

The RAR coefficient is statistícally significant and indicates that for a 0'1

unit increase in RAR, TIC{ would decrease by 2.L9g. An increase in RAR would

reflecË an increase ín kernel length relatíve to kernel width, or a tendency

towards more of an ellíptícal kernel shape. Elliptícal kernels with a RAR

between 2.0 and 2.L have TKttr's ranging fxom 27 Xo 29g, whereas oval kernels with

a RAR berween 1.80 and 1.90 have TKlü',s ranging ftom 32 to 35e (Figure 19)'

According to Equation (1-.5), kernel shape as measured through RAR can account for

63t of the variation in TIõ{.

trfhen the variables AREA and RAR !Íere combined to estimate TKIJ' the

following regression equatÍon r{as obtained:

TK[^I : 73.93 - 2L.94 RAR
(t:l3.06)

(Pr>ltl:.0001)

12 : 0.628 (1.s)



Figure 18

Classification of wheat kernel shape: dorsal view
(From Canadian Grain Commission, 1971, p. 57)
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The regressionmodel describedby Equation (1.6) shows that for a 1mm2 increase

in kernel area, Tl(trt would increase by 1.689. Sinilarly, a 0.1- unit decrease in

RAR (say from 2.O to 1.9) r,¡ould increase TK!ü by 0. 869. Both independent

variables contribute signifícantly to the model since the t values for testíng

Che null hlrpothesis that their parameters equal zero are large (>2 for AREA and

1-2 for RAR). Also, Pr>ltl values are .0001- for both parameters. Pr)ltl answers

the following question (SAS Instítute Inc., 1983): If the parameter Ís really

equal Eo zero, what is the probability of getting a Larger value of t? A very

sma1l value (ie.

parameter ís not like1y to equal zero, and therefore that the independent

variable contributes significantly to Ëhe nodel. The r2 value of 0.86 implíes

that when combíned, kernel size and shape can explaín up to 86t of the varÍation

inTKt{. This represents a considerable irnprovement over the 12 of 0.63 from the

kernel shape model and somewhat of an improvement over the tz of 0.81 frorn the

kernel síze model. The remaining variation in TKll is explained by the densíty of

the kernels (Hlynka and Bushuk, Lgsg).

Marshall et al (1986) studied the ernpirical relationship between graLn sLze

and rnilling yÍel-ds in Australian urilling wheats. Their experimental fesults

sho¡,red that grain size, as measured by either.grain weight or volume was highly

and sígnifícantly correlated with flour yíeld. Linear correlation coefficienLs

between flour yield and 100-grain weight (g) Irere +0.83 and +0.87 for the

varíeties Cook and Kite, respectively. For flour yield vs. 100-grain volume

(crnt), the reported correlation coefficients rüere +0.85 and +0.86 for the same

T1{.I : 10.15 + 1.68 AREA - 8.63 RAR
(r - 12.70) (r : -s.84)

(Pr>l t l:. 0001-) (Pr>l tl:. 0001-)

r2 : o. B5B (1.6)
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varieties, respectively. Sinilar conclusions suggesting that kernel size does

significantly influence nilling yield in wheat were also reached by Shuey (l-960),

Shuey and Gílles (l-969), and Baker and Golumbic (l-970).

E. Evaluatlon of DIA System for ObJectf.ve IÍheat Grading

Although it has been 78 years sÍnce the Canada Grain Act became a federal

statute ín L9L2, Canadían wheat grading has not yet been able to evolve to the

point of becoming a predominantly objective system. As iË exísts today, the

gradíng system is still to a large degree based on the subjective interpretation

of grading factors by grain ínspectors upon visual ínspection of grain samples.

This has in turn led to gradíng inconsistencies to the extent that afËer

reinspectíons, it is not uncommon to find revisions in grade. For example,

recenÈ annual reports from the CGC for the crop years 1-985-86 to l-988-89 índícate

that anywhere fron 10.98 xo L4.18 of the reinspected sarrples receíved a hígher

grade, while frorn 0.28 to 0.6t receíved a lower grade from that originally

assigned. In order to avoid these inconsistencies, it Ís therefore highly

desirable to be able to grade wheat in the most objective manner possible.

The DIA system used in thís study has generated a considerable amounÈ of

objective data on a single-kernel basis. In additíon to the 16 irnage-exËracüed

features measuring kernel si.ze, shape, and brightness, l-6 more variables were

defined as their variance. The variance varÍables were used to quantify the

level of uniformity that existed within each grade. To test the feasÍbility of

being able to grade wheat objectively, the data was evaluated as to whether it

could be used to differentiate between each of the three CI,IRS grades. For this

purpose, the following approach was taken:
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1. Using an appropriate nultiple comparíson procedure, to test for mean
differences in the variables for each of the following three pairwÍse
grade level comparisons: l-CI^lRS vs. 2CtrüRS, 2CI,IRS vs. 3CIüRS, and ICI^IRS

vs. 3CI^IRS.

To use SAS statistical procedures (SAS Institute Inc., 1988), such
as stepwise discriminant analysis and canonical discriminant
analysis, in order to graphically evaluaËe, in three dimensional
space, the level of discrimínation which exists in the data based on
a discriminant model usíng all or a cerËain subset of the 32
variables.

2.

Before proceeding with the actual analysis, however, a brÍef overview of

the basic ideas of discriminant analysis ís ín order. For a more comprehensive

treatment of the subject, the reader is referred to specialist texts, such as

Èhose by Lachenbruch (l-975), Goldsteín and Dillon (1978), Hand (l-981-), Dillon and

Goldstein (l-984), and Krzanowski (1-988).

Dillon and Goldsteín (1984) describe discriminant analysís as a statistícal

techníque for classifying índíviduals or objects ínto mutually exclusíve and

exhaustive groups on the basis of a set of independent varíables. The technique

involves derivÍng linear combinaËions of the independent variables that h7i11

discrimínate between the priori defined groups ín such a way that the

misclassífication error rates are minímized. Thís is accompli-shed by maximizing

the between-group varíance relative to the wíthin-group variance.

Extending the above definitÍon to the grading problem at hand, the

indíviduals or obj ects are the carlot and cargo wheat samples , the groups are the

three Cl'lRS grades, and the independent varíables are the inage-extracted grain

features (ie. 16 norphometric variables and their variances, for a total of 32

varíables). I,Iithín this context discrimínant analysís will be used as a technique

to evaluate the level of C!üRS grade díscrinination that can be achieved wíth the

kernel síze, shape, brightness, and unifornity feapures quantified vía DIA, for
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both the carlot unload and cargo wheat samples. Sapirstein et aI. (1-987) and

Neuman et al. (l-987) have used this approach to test to what extenÈ kernel size

and shape daüa could díscríninate betqreen different cereal graíns (ie. wheat,

barley, oats, rye), as well as betrtreen wheats of different classes (ie. HRS, SüIS,

Duruur) and varíeties.

1. Carlot Grade Discrlmlnatlon

Duncan's Ne¡'r Multiple Range Test (Steel and Torrie, 1-980) \üas run at both

the L* and 58 sígnificance level to test for mean varíable differences for each

of the three possible pairwise grade level comparÍsons in the carlot samples

(n:103). The results sunmarized in Table 16 índicate that for the ICIJRS vs.

2CIIRS comparison there were 3 mean and 2 warí.ance variables showíng signifícant

difference at the 58 level . For E.ne 2 CI.JRS vs. 3 CI^IRS comparison it was 7 means

and 6 variances, whereas for the l-Ci,IRS vs. 3CI^IRS compari.son í.t was 6 means and

7 variances that were sígnificantly different at the 58 level. For the test

results at the lt significance level, it was interesting to note that the racio

of signíficant variance variables to signíficant mean variables increased

relative to the 58 results, frorn 0.67 xo 1.00, from 0.86 to 4.00 and fron 1.17

to 1.75 f.or the 1CWRS vs. 2CI,ùRS, 2CI^IRS vs. 3CI'IRS, and I-CI.IRS vs. 3CI,IRS comparison,

respectívely.

SÈepwise discriminant analysis !¡as used to determÍne the relative

contribution of each kernel feature parameter for discrimination of the lCItrRS,

2CI^IRS, and 3CI{RS carlot grades. Table 17 gíves the summary ranking of the

kernel features according to their incremental influence to distinguish between

the three grades. One of the more common statistics that gives an indÍ-caËion of

the overall degree of discrimination achieved is the avetage squared canonícal
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Table 16

Paj-rwise grade leveI comparisons of morphological features
in carlot wheat samples

Grade Comparisonso

Parametera

Means:
MAREFL
MTHINN
MAREA
MCLEN
MNCP
MWTDTH
MLENGTH
MRÀR
MMtl[AX
MMMIN
MIIÍÀR
MAMEC
MN2O
MNO2
MM2O
MMO2
Variances:
VÀREFL
VTHINN
VAREA
VCT,EN
VNCP
VWTDTH
VLENGTH
VRAR
\IMMAX
VMMIN
\II{AR
VAIUEC
VN2O
VNO2
vl.f2 0
VMO2
No. of variables
Means:
Variances:
Total:

]-CI¡IRS vs.
2CI,{RS

**
NS
NS
ns
NS
NS
*
NS
*
ns
ns
NS
ns
ns
NS
NS

**
NS
NS
ns
ns
NS
ns
NS
NS
NS
NS\
NS
NS
NS
*
NS

showing
3 (1)
2 (1)
s (2')

S vS.
3CWRS

*
NS
*
tc

NS
*
NS
NS
ns
*
NS
*
NS
ns
ns
**

*
NS
*

88

LCIrlRS vs.
3CIrlRS

NS
NS
**
**
**
NS
*
NS
*

I nrefix rrMrr and trvrr denote means and- Carlot, grades: lCIrfRS (n=27), 2CI{RS*P<0.05. **P<0.01.
ns = not significant, at p < 0.05.

ns
NS
**
ns
NS
NS
**
NS
**
NS
NS
ns
**

at 5å
7(1
6(4

13 (s

ns
NS
ns
NS
ns
ns
**

**
ns
**
ns
NS
**
ns
NS
ns
**
ns
**
ns
ns
**
**

significance level (ß level):
) o (4)
) z (7)
) r3 (11)

variances, respectively.
(n=40) , 3CI{RS (n=36) .



Table L7

summary of ranking of kernel features by stepwise discriminantanalysis of carlot wheat, grades

Variablea

VMO2
MÀREFL
Vt-I02
VTHTNN
VMMAX
VLENGTH
MCLEN
MMzO
MLENGTH
}fÃREA
MNCP
VAREA
wilIDTH
IJIÃMEC
VCLEN
MTHTNN
MMO2
vl{MTN
VN2O
VMAR
MRAR
VAMEC
VNCP
l,ÍMttAx
MII{AR
MN2O
MT{IDTH
VRÀR
MMMIN
MNO2
vM20

Number
in
L
2
3
4
5
6
7
8
9

10
l_1
L2
13
L4
15
16
L7
18
19
20
2t
22
23
24
25
26
27
28
29
30
31
32

Par!,iaI
R-

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
Q.r
0.1
0.t
0.1
0.1
o.l
0.(
0.1
0.(
0.(
0.(

.2890

.1560
,1_082
.0s94
,0334
,0479
,0562
,0201
,0528
, o32L
, o47L
0188

,0364
0640
0340
o227
ot72
0199
0137
0196
1002
013 6
o2L4
0065
0011
0045
0349
0189
0044
o026
0325
0003

F
St,at,istic

89

9
5
3
l_

2
2
0
2
1
2
o
1
2
1
o
o
0
o
o
4
0
o
0
o
o
1,
0,
o,
0,
1,
0.

,1
,9
0

,6
0
I
9
5
5
2
I
6
9
5
9
7
I
5
I
It
5,
8l
2!
Qr

1:
tt
7l
1(
0f
1{
0:

L5
)5
,7
i6
)8
t0
)5
i7
t1
r3
¡5
;6
t7
;1
t9
,4

',4
',7

L
6
4
5
5
4
7
4
o
6
9
I
1

Prob>F

t

l.

i

.:

.l

0.000L
0.0002
0.0037
0. 0512
o. 1960
0.1306
0. 0658
o.3897
0.0823
o.2270
o. 1L39
o .4307
o. 1958
0.0564
o.2260
o .37 66
o .4825
0.4338
0.5680
o.4479
0.0146
o.5824
o.4295
o .777 0
o.9602
0.8459
o.2695
0.4983
0.8s28
0.9125
o.3t42
0.9911

Prefix rrMrr and rrvr denote meansrespectively.
ASCC, averagie squared canonical

ASCCb

o.2078
0.2555
0.2740
0.2835
o.2974
0.3218
o.3297
0.3459
0.3553
0.3691
0.3738
0.3825
o.4043
o.4t52
o.4206
o.42æ
o.4328
0.4358
o.44A9
o.4761
o.4797
0.4850
o.4864
o.4867
0.4880
0.4955
o.5009
0.5023
0.5028
o.5092
0.5093

.1445

and variances

correlatíon.
of variables,
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correlation (ASCC). The ASCC is a trace criterion measuríng the within class

separability courpared to the total (Sapirstein et aL., L987). An ASCC close to

l- means all groups are well separated and all or most directÍons ín the

discriminant space show good separation for at least two groups (SAS InsËitute

Inc., 1-988). An ASCC equal to 1 corresponds to perfecË discrirninatíon wíth no

within class scatter.

The ASCC walues in Table L7 reveal that the best trrro wariable model

accounted only for 40.8t [40.8S: (0.2O78/O.5093)]-001 of the cl-ustering of the

three grades in the discrininant space, whereas the best three, four and five

varíable models accounted for 50.28, 53.8t, and 55.72 of the clustering,

respectively.

The level of discrimination which exists ín the data is evident from the

cluster diagram represented by Figure 20, which is a graphic result of a

canonical discriminant analysis on the carlot grade samples ("training set")

where kernel sLze, shape, reflectance and unifornity features vrere quantified.

The result demonstrates that Ëhe machÍne vision system was noL able Ëo clearly

separate the three CI,IRS grades based on .a discriminant model using al1 32

measured features. As expected, the ICI^IRS and 3CI^IRS grades hrere the best

separated groups. However, signifícant confusion existed between the lCI^lRS and

2Ci,lRS as well as between the 2CI.IRS and 3Ci,lRS grades, although the extent of the

confusion is unclear from the perspective of the three-dimensional clustering.

2. Cargo Grade Discrlninatlon

Cargo results from Duncan's New Multiple Range Test at both the 58 and 18

significance level are given in Table l-8. When compared to the carlot results

(Table 16), there is a substantial increase in the number of varÍables



Figure 20

Clusteríng of ICWRS, 2CIIRS and 3CÌ.IRS carlot wheat kernels by canonical
discrininant analysis using size, shape, reflectance and unifornity
features. The plotted sSmbols (n-103) correspond to scores on the

first three canonical variabl-es derived from an orÍginal set
of 32 measured features
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Table 18

Pairwise grade level cornparisons of morphologicar featuresin cargo wheat samples

Grade Comparisorr=o

Parametera

MAREFL
MTHINN
I.ÍAREA
MCLEN
MNCP
}fWTDTH
T'I[LENGTH
URÀR
l,lMMAX
MIITMIN
MMAR
tfÀMEc
tfN20
l,fNo2
MM2O
MMO2
Variances:
VÀREFL
VTHINN
VÀREA
VCLEN
VNCP
VWTDTH
\¡LENGTH
VRÀR
VMMAX
\nlurN
VtfÀR
VAIqEC
vN20
vNo2
vMz0
vMo2
No. of variables
Irleans:
Variances:
Total:

lCI4IRS
2CVüRS

**
**
*
ns
NS
**
*
**
**
**
**
**
**
**
ns
**

2
3CWRS

ns
NS
*
*
*
*
ns
NS
*
*
ns
*
ns
NS
ns
**

92

**
**
**
**
**
*
**
**
**
ns
**
NS
**
NS
**

r.cwRs
3CWRS

**
**
NS
ns
*
**
**
**
**
**
**
**
**
**
ns
NS

I erefix trMrr and rrvtr denot,e- Cargo grades: 1CWRS (n=25)*P<0.05. **P<0.01.
ns = not significant at p <

ns
**
**
*
NS
**
ns
**
ns
**
**
**
**
**
**
**

at 5å leve1
8 (1)
L2 (11)
20 (L2)

ns
showing significance

13 (11)
L2 (11)
25 (22)

**
**
**
**
**
**
**
**
**
**
**
**
**
**
**
**

(LZ level):
u0Ð
16 (J6)

28 (27)

means and variances, respectively.
, 2CÌIIRS (n=25) , 3CIIIRS (n=23) .

0. 05.



(especially in the variances) that tested "significantly different" at both

levels. At the 58 (l-8) level, there r'rere respectívely 13(11) means and l-2(l-l)

variances, 8(1) means and l-2(1-1-) variances, and 12(11) means and l-6(16) variances

that were signifícant for the ICIíRS vs. 2CI^IRS, 2CI'IRS vs. 3CIdRS, and 1CtrùRS vs.

3CI,IRS grade comparison.

The results from Duncan's test would seem to Índicate that the cargo grades

should be more readily distinguished from one another as compared to their carlot

counterparts. This is essenti-ally confirmed by the results from the stepwise

discriminant analysís, which yielded higher values for ASCC (Table 1-9) . The ASCC

column in Table l-9 reveals that the best two, three, four, and five varíable

models accounted for respecËively 60. 8S , 70. 88 , 73 .7* and 75.4t of the clustering

of the ]-CI"IRS, 2CI.]RS, and 3CI^IRS grades. Thís represents a considerable

improvement over the carlot results of respectively 40.88,50.22,53.88, and

55 .7r.

As shown in Figure 21, an excellent level of díscrímination was achieved

among Èhe three catgo grades. All three grades \üere essentially disjoinË !,rích

I-CI^IRS and 3CI{RS being especially well separated along the first canonical

component axis, which characteristically possess the largest range of values

(Sapirstein et al., L9B7). The three grades can essentially be seen as three

distinct clusters in the three-diurensional discriminanu sPace.

The importance of kernel feature uniformity in the overall grading process

is demonstrated in Figure 22. riil.:in the variances of all feature varíables removed

fron the data set (i.e. the dÍscrimination was based on only l-6 varíables),

significant confusíon existedbetween the No.2 and the No.3 grade as seenby the

amount of overlap in the clustering. The absence of variance variables had no

apparent effecü on the level of discrinination between the No.l- and the No.2 or
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Tab1e 19

Surnmary of rankj-ng of kernel features by stepwise discriminantanalysis of cargo wheat gradès

VariabIe"

MAREFL'
VII{IIÍIN
VAREFL
M}fMÀX
VAREA
VMÀR
MRÀR
I{LENGTH
MfHINN
VCLEN
\n{MAX
MTIIAR
MM2O
MMO2
VN2O
It{ÀREA
lmoz
W¡TDTH
T4T{IDTH
VNO2
vÀIr{Ec
t'Nz o
VRÀR
VTHTNN
I.TMMTN
l.fNcP
\rLENGTH
\1M20
vMo2
VNCP
MÀI,IEC
MCLEN

Number
in
t_

2
3
4
5
6

Parfial
R-

0.
0.
o.
0.
0.
o.
0.
o.
0.
0.
0.
0.
o.
0.
o.
0.
0.
o.
0.
o.
0.
0.
o.
0.
0.
o.
0.
0.
o.
0.
Q.r

7
8
9

10
1_1

L2
13
L4
15
1,6
t7
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32

,64
,17
15
15
10
10
08
o9
06
18
o6
06
L4
05
o4
05,
O6r
04r
03:
o1i
0l_r
01:
o1!
01,
02t
O1¿
01:
00:
00(
00:
00:

t99
137
t65
,37
,44
t32
t47
t72
)30
;54
r00
;93
;03
,67
;68
,32
;06
;03
65
32
80
56
30
51
44
50
40
11
79
60
33
13

F
Statistic

64.97
62.33
7.29
6. O8
6.03
3.74
3.7 4
3.01
3.18
2.L4
6.59
2.20
1.86
4.90
1. 69
L.24
L.44
L.70
L.27
0.88
0.46
0. 39
o.32
o. 36
0.34
0.58
0. 31
o.24
0.17
o.L2
0.07
0. 03

o/,

Prob>F ASCCb

o.
0.
O¡
0.
0.
o.
0.
0.
o.
o.
0.
o.
0.
o.
0.
o.
0.
o.
0.
o.
0.
o.
o.
0.
0.
0.
0.
0.1
0.i
0.1
0.1

0001
0001
0014
'0037
0039
o290
o29]-
0565
0486
L269
o026
L2OL
L645
0109
1946
2972
2463
L927
2900
4223
6354
6801
7299
7000
7L68
5660
7340
7860
8473
8845
93 66
97 47

Prefix rrMrr and rrvrr denote means
respectively.
ÀSCC, average squared canonical

0.5316
o.5637
0.5862
0.6001
o.6230
0.6s56
o.6602
0.6815
o.æ74
o.7026
o.7087
o.7L99
o.7289
o.7409
o.7442
0.7555
0.7685
o.77L8
o.TI85
o.7793
o.7823
o.7843
o.787L
0.7890
o.7922
o.7937
o.7941
o.79il
0.7958
o.7g5g
o.7959

and variances

correlation.
of variables,



Figure 21-

clusrering of lc!ilRS, 2CÌ{RS and 3CIIRS cargo wheat kernels by canonlcal
discriminant analysis using size, shape, reflectance and unifornfty

features. Ttre piott.a symbols (n:73) corresPond Èo scores on the
fírst three canonical variables derived from an origlnal set

of 32 rneasured features

CANS

2.39

0.95

-0.50

-1.95
3.6
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95
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CAN2
-1
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FÍ-gure 22

clusteríng of lc!üRS, 2CidRS and 3cltRS cargo wheat kernels by canonical-
discriminant analysis havÍng renoved the variance variables from the

data set. The piotted symbols (n:73) correspond to scores on the
first three canonical variables derived from an origínal set

of 16 measured features

CANJ

2 .21

0.82

-0.56

- r ,95
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betrtreen the No.l- and the No.3 grade, suggesting the No.1- grade is really "in a

class of its orvtt. "

Figure 23 illustrates the effect of removing the reflectance features (i.e.

both mean and variance) from the data set (i.e. leaving 30 variables in the

discrininant model). I.ttren compared Èo Figure 2L, nox only is the overall level

of grade discrimínatÍon lower, but it also appears that there is one particular

sample that should now (based on kernel size and shape) grade 2CI^IRS instead of

ICI^IRS. This result shows the relative importance of kernel brightness (i.e. the

level of bleaching) and its unifonnÍty in the wheat inspectíon and grading

process.

3. Cargo - Carlot Dlfferences

To quantitatively assess the relatíve differences ín the level of grade

discriminatíon in the cargo as compared to the carlot samples, respectíve ASCC's

were plotted agaínst the number of varíables ín the respectíve discriminant

models. As sr¡mmarized in Figure 24, 
^SCC's 

for the cargo nodels vrere consistently

and signÍficantly higher than those for the carlot models. Ifith a1-L 32 variables

íncluded, the cargo nodel yielded an ASCC of O.80, whereas an ASCC of only 0.51

was obtained in the carlot model. Thís difference ín the ASCC reflects the

results obtaíned from Duncan's test, nanely that in the cargo samples there were

considerably nore variables that tested "significantly different" for each of the

three pairwise grade comparisons when compared to Èhe carlot samples. Overall,

this means an improved separation of the three CtrüRS grades as seen ín the cargo

cluster diagraurs (see Figure 2L versus Figure 20). Figure 24 aLso reveals thaË

as new variables are beíng added to the discriminant models, increases ín ASCC

start to become less pronounced after addítion of the 15th variable and vírtually



Figure 23

clustering of lciùRS, 2C\JRS and 3cl.lRS car8o wheat kernels by canonical
discriminant analysis having removed average and variance of

reflectance frour the data set. The plotted slrmbols (n:73)
correspond to scores on the first three canonícal variables

derived from an original set of 30 measured features

CAN3

| .97
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f igure 2+
Plot of ASCC versus number of variables in

carlot and cargo discriminant models
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level off after the 2l-st variable was added.

The carlot and cargo discriminant models also differ in the type of

variables and their ranking, given Èhe objective of determining an optirnal subseÈ

of kernel features that can be routinely extracted by digital image processíng.

For example, the composition and ranting of the l-5 variable models rüere as

follows:

Carlot Mode1

]-. VAREFL
2. VM02
3. MAREFL
4. VN02
5. VTHINN
6. VMMAX

7. VLENGTH
8. MCLEN
9. MM20

10. MLENGTH
].1.. MAREA
12. MNCP

].3. VAREA
14. WIDTH
15. MAMEC

Out of the first l-0 variables íncluded, 6 were variance variables in the carlot

model compared to 5 variance variables in the cargo urodel. Sinilarly, out of the

first l-5 variables, 8 were variance variabl-es in the carlot model compared to 7

variance variables in the cargo modeI. It appears then that the variance

varíables are just as important as the norphologÍcal features themselves 1n

objectívely discriminating arnorrg the three grades. Average reflectance as well

as the uniformity of average reflectance were included in both carlot and cargo

models among the top three variables.

Cargo Model

]-. MAREFL
2. VMMTN

3. VAREFL
4. MMMAX

5. VAREA
6. VMAR
7. MRAR

8. MLENGTH
9. MTHINN

10. vcLEN
].1.. VMMAX

12. MMAR

l-3. MM20
14. MM02
15. VN20
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F. Reproducibllfty of the Ìfeasurlng System

Some common sources of error in a dígíta1 image analysis system when used

to measure volune and surface area in sweet potatoes were ídentified by Tappan

et al. (L987). Gray levels in the digitízed inage of an object were found to

change with the object's position. Changes in the vertical positioníng had a

greater effect than horízontal changes. As only the central pixel columns were

used in their study, changes frorn just above center to just below center \,.rere

measured. It 'was found that the píxel count for the lower position v/as

consístently larger. Expressed as a percent of the average count for the Lwo

positions, the variation ranged from t l-.2t to t 1.78, dependÍ.ng on the threshold

level.

Symons and Fulcher (1-988b) used repeated measurements on single r¿heat

kernels to determine varíability of measurements due to camera focus, kernel

position and segmentation. For ten measuremenÈs with each of three parameters

(focus, kernel position and segnentation), interactively adjusted, an

ínsignificant degree of variability (i.e. less than the 38 variability described

by the manufacturers for their inaging systen) was detected for five variables:

area (C.V.:L.5t), perimeter (C.V.:0.58), convex perimeter (C.V.:l-.3t), kernel

length (C.V.:0.8t) and kernel width (C.V.:0 .7*> .

The precision of the Ímage analysis system used in this study for

extracting and measuring kernel features was evaluated by processing individual

images of a single wheat kernel placed dorsally at 9 different posítíons within

the viewing wíndow. At each position, the kernel was also rotated 180 degrees

after the previous ímage \üas grabbed and stored. All 18 treatments were

processed under the seme experimental conditíons used for the carlot and caxgo

experÍments. Coefficients of variation were then calculated for kernel contour
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length, width, length and area as illustrated in Table 20. C.V. 's ranged from

0.762 for kernel area to L.l-8t for contour length. Also shown in Table 20 are

the C.V.'s for the same four size features that were quantífied for a IC!üRS

carlot composite sample of L927 kernels (Table 6). Conparíng these varíabilitíes

irrtrerent in the sarnple (ie. sample variance) to the measurement variabilities

inherent in Lhe Ímage analysÍs system (ie. instrumental varíance), Ít is evident

that the latter are indeed insignifícant. Sample C.V.'s were considerably higher

than ínstrumental C.V.'s, ranging frorn 5.5 times higher for contour length to

17.5 tírnes higher for kernel area. These results reflect the overall level of

measurement reproducibility, and demonstrate that a high and satisfacËory level

of precisÍon rsas used in the extraction and measurement of the various

rnorphological features and their subsequent use in Ci.JRS grade discrimination.

G. Factors Contrlbuting to Uniformlty of Quality 1n CWRS Wheat

The Ínteraction between the grain grading system and the bulk handling

system to promoËe uniformity of quality as CIJRS wheat is shipped from prlmary to

termínal elevator positions has already been díscussed in conjunction with Figure

l-6. The basic objective of the gradíng system is to ensure that Èhe I-CI.IRS grade

Í-s consistently the most uníforn grade with respect to the range of varíation in

quality caused by environmental effects and admixture of foreign material.

Through the process of nelding like grades and restricting the blending of unlike

grades the bulk handling system further maximizes unifornity within the top

grade at export positions. The relative effects on uniformity fron both systems

have been quantifíed in this study (Tables 9 - 1-5 and Figures 13 - 15).

The high degree of uniformity within the No.1- grade cannot, however solely

be attributed to the grading and bulk handling systens. The regulations in place



Table 20

Variabil+ty "f DrA-cornputed size measurements as a resuLt ofrepositioning and rotating wheat kerner in the i;;gi;gfi-erd: instrumental versus sarnple variancã 
-:

Statistic

n

Mean

Std. Dev.

c.v. (DrA) c

Ac. v. ( l_cwRs ) 
-

Contour
lengtha

18

44.93

0. 1755

1. 18å

6.492

c.v. (1cv'7RS)

c.v. (DrA)

Size feature

widths

18

3.57

0. 0396

1. 11å

9.072

Measurement

Measurement

103

5.5

Lengtha

units in mm.

units in mmz.

18

5.76

0.0497

0. 86å

6.98t

8.L7

Areab

18

25.96

0.1980

o.7 62

t3.272

fnstrumental variance.

Samp1e variance.

8.12 1,7 .46



for developÍng, tesüing and licensing new wheat varietÍes also has a very

significant inpact. For a new varíety of wheat to be eligible for urarketíng

under the CI^IRS class and, nore specifically, qualify for any of its three grades,

ít must have demonstrated at leasË an equal performance to the variety Neepawa,

the CIIRS standard, in the varíous nilling and baking qualíty tests. The new

varíety urust also be visually distinguishable from wheats of other classes. As

a result of these stríngent regulations, only a snall number of new varieties

have been licensed for conmercial production duríng the last ten years.

Predominant bread wheat varieËies, co¡nmercially grovJrr in Ëhe Prairie

Provinces f.rorn L981 to l-990 are listed Ín Table 2L. The three CIIRS varietíes

Neepawa, Colu¡nbus, and Katepwa accounted for 79.7t,84.58, 87.38, 88.5t, 85.Bt

and 73.9t of the annual seeded acteage, from 1985 to 1990, respectively. From

1981- to l-984 over 508 of the bread wheat acrea1e was seeded to Neepawa. After

l-984 the Neepawa acreage started to decrease with the introduction of Coh:mbus

and Katepwa. The variety Katepwa has been the most popular choice amongst

Prairie farmers over the last four years at over 408 of the seeded acreage.

SÍnce these three varieties have close genetic relationshíps, they possess very

sinilar kernel size and shape characteristÍcs, whích is the "builc in" uniformíty

within the C!üRS class

104

II. Historic Price DifferentLaLs for CIIRS Grades

Final prices for the various CtrIRS grades for the crop years L969/70 Eo

Lg88/8g, obtained from Canadian lJheat Board (CI^IB) Annual Reports, \tere used to

calculate price differentials. Each of the three price differentials calculated

Ín Table 22 were expressed as a percentage of the 2CI^IRS final price as this grade

is generally indicative of the average dollar value (basis in store Vancouver or



Ten-year sunmary of predominant
(Frorn Manitoba

Bread wheat
variety

Benito

Columbus

Conway

Glenlea

Katepwa

Laura

Neepawa

Park

RobIin

Others

TabIe

bread wheat
Seed Growers

198 1

1.0

0.0

o.o

2.9

0.0

0.0

64 .6

3.9

0.0

27 .6

L982

2L

Percent of total bread wheat acreage seeded

varieties grown Í-n
Association, 199O,

6.6

0.0

0.0

0.8

0.0

0.0

65.2

4.5

0.0

22.9

1_983

6.6

8.1

0.0

2.7

0.0

0.0

61.8

4.0

0.0

L6.8

" Based on a survey of
Alberta trtheat pool,

1984

4.7

L7.6

0.0

2.2

L.7

0.0

52.6

3.5

0.0

L7.7

1985

the Prairie provinces"
p.42)

2.7

20.7

o.o

1.5

L7.9

0.0

41. 1

3.3

0.0

12.8

1986

2.O

20.o

o.o

0.8

33.2

0.0

31. 3

2.9

0.0

9.8

grain varieties seeded
Saskatcher¡ran Wheat pool

L987

1.6

18. 3

0.0

0.6

43.7

0.0

25.3

2.7

0.0

7.8

1_988

.L.4

18. O

o.o

0.4

49.3

0.0

2L.2

2.8

0.0

6.9

L989

1.1

L7.O

2.3

0.3

50.2

1.6

18.6

2.3

1.3

5.3

1990

on the Pairies conducted jointly by
and Manitoba Pool Elevators.

1.0

1_6. 1.

4.4

0.3

44.3

9.5

13.5

1.9

4.3

4.7

lJl



Tabte 22

Canadian tlheat Board finat prices and price differentiats
for CTJRS wheat grades, crop years 1969170 ' 19æ189

(From Canadian tlheat Board, Annual RePorts)

Price Differentials

Crop

Year

1969/70

1970171

1971 /7?
1972/73

1975/74

1974/75

1975/76

1976177

19n/78
1978/79

1979/80

1980/81

1981/82

198?t83

1983/84

1984/85

1985/86

1986/87

1987t88

1988/89

Finat Price ($/t)

l CLJRS

ó0.81 57.91 53.35

60.67 58.83 54.34

58.64 56.40 49.75

79.15 77.68 73.27

168.21 165.33 1ó0.ó8

164.39 158.22 15ó.ó0

146.28 111.43 132.79

117.15 109.90 104.35

120.30 1 13.81 107.17

1ó0.53 151.80 150.1 I
196.43 187.64 179.18

?22.12 217.96 209.42

199.62 197.03 187.76

192.34 185.39 180.59

193.98 190.23 178.56

186.37 184.11 171.51

160.00 154.21 146.21

130.00 124.21 110.21

134.02 127.87 115.78

197.14 191.19 182.11

Ave. 1969170 ' 1973174

Ave. 1974/75 - 1978/79

Ave. .1979/80 - 1983/81

Ave. 1984/85 ' 1988/89

AtI years:
lilean

Var i ance

Std.Dev.
c.v-

ICLIRS-

3crJRs 2CI¡RS

Íof
zcuRs

Price

2.90
1.84
2.24
1.47
2.88
6.17
4.85
7.25
6.49
8.73
8.79
4.16
2.59
6.95
3.75
2.26
5.79
s.79
6.15
5.95

2.27
6.70
5.25
5. 19

4.85
5.18
2.27

46.91

zCURS-

3crJRS

5.01

3. t3
3.97
1.89
1.74
3.90
3.13
6.60
5.70
5.75
4.æ
1.91

1.51

3.75
1.e7
1.23
3.75
4.6
4.81

5.11

3.15

5.08
2.73
3.51

3.62
2.49
r.58

43.62

lot
zct Rs

Price

4.56
4.49
6.65
4.41

4.65
1.62
8.&
5.55
6.&
1.69
8.46
8.54
9.27
5.00

11.67

12.60

8.00
14.00

12.09

9.08

4.95
4.83
8.59

11 .15

7.38
12.15

3.49
47.23

106

lcrrRs-

3ctfRs

7.87
7.63

11.79
5.ó8
2.81

1.02
6.11

5.05
5.83
1.11

4.51
3.92
4.70
2.70
6.13
6.&
5.19

11.27

9.45
4.75

7.16
3.83
4.39
7.50

5.72
8.41

2.90
50.71

7( ot
2Cr¡RS

Price

7.46
ó.33
8.89
5.88
7.53
7.79

13.49

12.80

13.15

10.42

17.?5

12.70

11.8ó
11.95

15.42

14.ú
13.79

19.79

18.24

15.03

7.22

11.53

13.U
16.34

12.23

15.95

3.99
32.6

12.88
10.76
15.76
7.57
4.55
4.92
9.54

11.ó5

11.54

6.86
9.19
5.83
6.02
6.45
8.11

8.07
8.94

15.93

14.26

7.86

10.31

8.90
7.12

I 1.01

9.34
11.72

3.42
36.67



Thunder Bay) of CtrüRS wheat. Under nonnal weather conditions during harvest the

No.2 grade ís also the most predominant CI^IRS grade being handled annually by

terminal elevators.

Over the 2O-year period, the 1C!üRS-2CIfRS price differential was the nost

stable, averaging at 3.622 of the 2CÌ"IRS price, with a standard devíation of

l-.58t. The 2CI{RS-3CIíRS and ICI,]RS-3CIüRS príee differentials were comparatiwely

more volatile and have gradually increased sÍnce the early 1980's. For example,

from the 5-year period L979/80-L983/84 to the 5-year period L984/85-L988/89 che

2CIíRS-3CI,IRS príce differential increased from 4.39* to 7.508. Ower the same tíme

perÍod the I-C!üRS-3CI.IRS price differential widened from 7.L22 to l-l-.01-t (see Tab1e

22). These increases can be partly explained by increasing narket competition

frorn wheats of quality equiwalent to the 3CIíRS gtade, but also by increasing

value differences as perceíved by end-users, such as domestic and overseas

nill-ers (Coudiere, l-990; OTA, 1989b).

The various price differentials do for the most parÈ reflect the

objectively measured physical characteristics and theír uniformity dÍfferences

between the CI,IRS grades as quantífied in this study. However, it appears as

though the 1-CIùRS-2CI^IRS pri-ce spread of between $5 and $6 per tonne during the

late 1980's may have somewhat overstated the actual dífferences observed. For

both the carlot and cargo samples there uras very little difference in terms of

the uniformity of physical characteristics between these two grades:

L07

Sanple category

Carlot (Table 9)
Cargo (Table l-3)

Futz (1989) arrived at a similar

C.V. for l-CilRS

3. 33r
L.272

conclusion when he studied

C.V. for 2C\,IRS

3.67*
L.252

the relationship
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between CI^IRS grade and processing quality characteristics. Based on quarterly

information publlshed by the CGC frorn l-975 /76 xo L985/86, an analysis of Pacific

cargo quality data indicated that the 1CÌüRS 13.58 vs. 2CIitRS l-3.58 and the I-CI^IRS

12.5t vs. 2CI,]RS 1-2.5S grade comparísons had the least number of sígníficantly

different processing quality characterisÈics.

f . Importance of Uniformlty of Quallty 1n the Internatlonal lltreat }larket

In L986 the Office of Technology Assessment (OTA) of the U.S. Congress

initiated a two-year study (oTA, L989a, b) covering najor issues in u.s. grain

quality. One of its objectives was to determíne whích quality attributes are

considered important by domestic and overseas processing industries. Results from

a wheat survey showed that donestic and overseas níllers considered uníformity

between shipments as being as importarit as the quality attributes Èhemselves. The

respondents were also asked to rank their preference for bread, soft, and durum

wheats fron all countríes exporting these t)rpes of wheat, asstuling that price,

transportation, and other related costs rsere equal. For bread wheats the

preferences were as follows:

Gíven the frequent nr¡mber of complaints over the wíde quality fluctuatíons in

U.S. wheat shípnents in recent years (OTA, l-989b; Agweek, L989; [üestern Producer,

L990; Hill, 1990), foreígn buyers in search for uniform or consistent qualÍty

Canada üIestern Red Spring (CWRS)

Australian Prime Hard (APH)
U.S. Dark Northern Spring (DNS)
U.S. Hard Red l.Iinter (HR!ü)
Australian Hard
Argentinean Hard
E.C. Soft
U.s. Soft Red
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wheat for breadmakíng and blending purposes pick Canada trüestern Red Spríng (CWRS)

and Australian Prime Hard (APH) wheats before turníng to U.S. Dark Northern

Spring (DNS) and U.S. Hard Red !üinter (HR\f).

The reputation Canada has developed for selling wheat of uniform and

predíctable quality has allo¡,¡ed the CI.IB to continue to charge a premium over the

Australian, U.S. andArgentineanwheats (Figure 25). For exanple, between L98O/81,

and L984/85 iurport príces for No.l- CIüRS 13.5 dropped approximately 2Ot , f.rom $264

to ç2L2 per tonne, with prÍces for other classes of wheat showing similar

declínes. Hovrever, the premium receíved for No.l- CI{RS wheat has held its own,

while the discount on U.S. HRtrü wheat has increased (OTA, 1989a). This seems

contrary to the conventional wisdon of the early 1980's that the spread between

Canadian and U.S. wheat was narrowing (Canada Graíns CouncÍ-l, 1985). The Canadian

price prenium spÍked up in L974, L976, and 1981 (Figure 25), when temporary

shortages of high-proteÍ.n wheat occurred.

A more recent study of ínternational wheat prices (Larue, l-990) has also

concluded that country specific policies relating to wheat quality, such as

grading and inspecËion services and the licensing of new varieËies are reflected

in price premíums. Based on an econometric model using price and wheat quality

data covering the períod starting in 1-980/81 and ending in L988/89, Canadian

wheat was also found to comrnand a premÍ.um over Australían and U.S.. wheat. These

results were interpreted to irnply that Canada's marketing strategy during the

l-980's achieved its objective, maintainíng its reputation as a reliable supplier

of wheat of consístent quality.



Figure 2,5
Annual price indices for the major wheat
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V. GENERAL DISCUSSION

Of the varÍous t)rpes of wheat produced in Canada, the Canada I'Iestern Red

Spríng (CÌfRS) class ís by far the most important. It accounts for roughly 858 of

total annual Canadian wheat exports, a reflection of its overall significance to

the Prairie economy. CIIRS wheats possess very desirable nilling and baking

properties, such as hardness, high protein content, good protein "quality,"

strong gluten, and a high water absorption. These unique physico-chemical

propertíes make these wheats ideal for the production of pan and hearth breads,

as well as for blending with lower quality wheats for importers wishíng to

improve the nillíng and baking performance of their domestic wheats.

The grading of CIíRS wheat ín Canada represents a significant value-added

activity which facilitates its marketing once it leaves the farm gate and enters

ínto commercíal channels. Under Canada's grading system a single parcel of wheat

is graded and inspected three times: (1-) at the tine it is delivered by producers

inËo the counËry elevator; (2) on arrival at the termÍnal elevator; and (3)

during loading into a ceir1o vessel prior to export. This system is based on the

subjective interpretation of gradíng factors by grain ínspectors upon visual

Ínspection of sampled grain relative to established standard grade samples. The

five factors consídered when grading CIIRS wheat are test weight, varietal purity,

vitreousness, soundness, and admixture of ínseparable foreign materíal. The only

grading factor determined through objective measurement ís test weight. However,

very seldom does test weíght deternine grade since in almosL all cases the actual

test l¡eight of No.3 CI,rrRS exceeds the minimurn specified for No. 1 CI^IRS (Preston et

â1., 1988; Canadian Grain Commission, 1989a). Many of the other grading factors

are expressed as percentages in the inspector's grading guide (see Appendix I),

but their actual percentage values are calculated from the åmounts of components



LL2

separated on the basís of vísual ex¡mination and not from any dírect objeetíve

measurement (Bushuk and SapírsteÍn, 1-987). As for degree of soundness, grade

requirements for No.l- CI^IRS such as being "reasonably well matured and reasonably

free from damaged kernels" cannot be precisely measured and as such are open to

subj ective inÈerpretation.

The lack of objective measurement of important gradíng factors has led to

gradíng inconsistencies to the extent that after reinspections it is not uncommon

to fínd revisions in grade. Accordíng to recent annual reports from the CGC for

the crop years 1-985-86 to 1988-89, l-0.9t to 14.18 of reinspected samples received

a higher grade, while from 0.22 to 0.48 receÍved a lower grade from that

originally assigned. I^Iith uniforurity ín grain qualíty progressívely becorning more

important as wheat utilizatíon and processing technology increases in

sophístication (Srnart, l-990), end-users wíll always prefer a precise and

consistent measurement of quality characteristícs. Ilích these considerations in

mind, the present research .túas undertaken to evaluate a computer-based

methodology called dígital Ímage analysis (DIA) in its ability to distínguish

between three coumercial grades of CWRS wheat solely based on objective

measurement of kernel size, kernel shape and kernel brightness, as well as the

uniformity of these features within each grade.

A total of l-03 carlot and 73 cargo samples were used for the analysis. The

samples were graded by the Grain Inspection Division of the CGC, each containing

from 450 to 5009 of wheat. As a first süep in the research, thousand kernel

weight (TKlü) was determíned for each sample based on three replicates. The

replicates \rere then recornbíned into a gross subsample from which kernels were

to be sampled for morphological characterizaxíon by DIA. To enpirically determÍne

an appropriate sanple síze, DIA was used in a prelininary experiment measuring
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kernel size features in composite samples rangíng fron L0 to 520 kernels in size.

Assuming a 95t certainËy that the error of estímation does not exceed 0.10mm, the

results indicated that the required sample sí-zes are 333, 362 and 416 kernels for

the lCi,lRS, 2CI{RS and 3CIíRS grade, respectively. The i-ncrease ín sample size as

grade dropped was due to a progressively increasing varíabiliry in kernel síze.

Based on these results it was decíded to use a sample size of 400 kernels for all

three grade levels.

Although there were virtually no significant differences in mean TKIü values

between the three grades, a progressive increase in the variabílity Ín TKIII, as

measured by its coefficient of variation (C.V.), was observed as grade level

decreased. For the carlot samples C.V.'s \üere 4.6L2, 5.96* and 6.89t for the

ICI^IRS, 2CIIIRS and 3CIIRS grade, respectively. The caxgo grades had significantly

lower C.V.'s, but still dísplayed a similar variabilÍty patternwith a decrease

in grade: L.88t, 2.LO* and 2.688 for ICI^IRS, 2CIIRS and 3C!üRS, respectively. The

íncrease in uníformity of TKt{ (measured by the percent decrease in C.V.) was 598,

658 and 6l-S for the No.l-, No.2, and No.3 grade, respectively.

The characterization of kernel norphology using DIA saw a total of 16

features measured on a kernel by kernel basis for both the carlot and cargo

samples, as well as for an export standard sanple. Six features quantified

aspects of kernel size, nine described elements of kernel shape and one estimated

kernel brightness. For the carlot samples the average C.V. for all 1-6 features

increased as grade dropped, frorn 3.33t for l-CldRS to 3.67* f.or 2CIIRS to 4.138 for

3C!íRS. These increases in average C.V. reflect the relative changes in tolerance

levels of pertinent grading factors. Tolerances for grading factors such as the

maxímtrm límíts of wheats of other classes or varíeties and the allowable

proportion of sprouted, grass green, dark ímmature, and shrunken kernels are
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relaxed to a narginally greater extent from the No.2 to the No.3 grade as

compared to those from the No.l- to the No.2 grade (see Appendix I). Using the

percentage of shrunken kernels as an example, Ëhere is no lÍnit for the No.3

grade, whereas Ëolerances of 6.0t and 10.0S apply to the No.l- and No.2 grade,

respectively.

Each of the l-6 urorphological features measured was found to be consíderably

more uniform in the cargo grades. Average C.V.'s droppedby 588, 63* and 64* for

the lCIdRS, 2CI^IRS and 3CtrùRS grade, respectively, when compared to the carlot

C.V.'s. These results agtee with those obtained from the TKt{ determinaÈions,

providing objective evidence that Canada's grain gradíng and bulk handling system

is very effective in promoting uniformiÈy within the top grades as Canadian wheat

is shipped fron prinary elevator to terminal elevator positions. The observed

uníformity dífferences bet¡^reen the cargo and carlot grades also reflect the more

stríngent grading requÍ.rements called for under the export standard as compared

to the priurary standard.

Regressíon analysis \üas used to elucidate the relationship between kernel

size and shape and TKtrü. The regression results confirmed the influence of kernel

sÍze and shape as noted by Hlynka and Bushuk (1959). Kernel size and shape,

quantifíed by DIA through kernel area and the rectangular aspect ratío

(length/wídth), respectively, were able to explain up to 86* of the variation in

TIAü.

An evaluation of the DIA system for objectíve wheat gradÍng purposes hras

carried out by using SAS statistical procedures such as stepwise discriminant

analysis and canonical discrínínant analysís. These procedures hrere used as

analytical and graphical techniques to examine the level of grade discrimination

that could be achieved with the morphological data. In addition to the L6
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extracted features neasurí.ng kernel síze, shape, and brightness, 1-6 more

variables were defined as their variance.

A relatively lower level of discrimÍnatíon was achíeved among the three

carlot grades based on a 32-variable discríminant model, wíth an average squared

canonical correlation (ASCC) of 0.51 (an ASCC of l- Índicates perfect

discriminatÍon with no within class scatter). Considerable overlap existed

between the I-CI,IRS and 2CI,IRS as well as between the 2CI.IRS and 3CÌ,IRS grades,

although the extent of the overlap was unclear from the perspective of the three-

dÍmensional eluster diagram. The low level of discrimination between the three

carlot grades rvas due to the small number of varlables that tested "significantly

different" (Duncan's New Multiple Range Test) for the three pairwise grade

comparisons.

trühen compared to the carlot results, an excellent level of discrimination

was achieved among the three cargo grades, with an ASCC of 0.80 for the 32-

varíable díscriminant model. The three CI.IRS grades could essentially be seen as

three discinct clusteis in the three-dimensional discriminant space. This

improved lewel of discrimínation reflects the greater number of variables that

were sígnificantly different for each of the three pairwÍse grade comparisons.

Overall, the variance variables were found to be just as importanÈ as the mean

feature variables in terms of their contribution to the three-way grade

discrínination. Furthermore, average reflectance as well as the uniformity of

average reflectance rüere emorg the top three variables, indicatÍng theír relative

imporËance in the overall grading process.

The reproducibilíty of the measuring system was evaluated by processing

images on the same kernel at different positions within the viewing window. The

C.V.'s were all less than L.58 for the following four variables: contour length
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(c.v.:l.l-8s), \ridth (c.v.:l-.1-l-8), length (c.V.:0.868) and area (c.v.:0.768). In

comparíson, the No.1 CIIRS sample C.V.'s \úere 5.5, 8.2, 8.1, and L7.5 times

higher, respectively, for the same four variables. These differences in C.V.'s

are a good indication of the difference between sanple variance and instrumental

varíance, confirming that a high and satisfactory leve1 of precision was used in

the extractíon and measurement of morphological features and their subsequent use

in C!üRS grade discrinination.



tL7

VI. CONTRIBUTIONS TO KTìIOIÍLEDGE

This investigation into the feasibility of instrumental wheat grading has

rewealed seweral signífícant fíndings that should be of value not only to end-

users of CI,IRS wheats, but also to policy makers Ínvolved in shaping the future

of the Canadian wheat grading system. The following conclusi.ons are drawn from

the present study:

1-. Digital image analysis is an ínstrumental methodology that is capable of

measuring physical grain characteristics of wheat r¡ith a high degree of

accuracy and consístency. SÍnce many of the norphological features

quantified in thís study are also important factors contributing to the

overall nilling qualíty of wheat, the instrument has potential for use in

the graín grading and inspection process.

2. The highly detaÍled information on kernel morphology and Íts uniformity

within each of the Ëhree CWRS grades provided by this research should help

the modern processor to improve upon his industrial transformation of

wheat into useful and attractive end products. For example, results from

studies by Pence (1943) and Li and Posner (L987) índicated that if a

sample of wheat contained a considerable anount of shrívelled and

therefore smaller kernels, not only would there be a decrease in flour

yield, but also ahigher protein loss duringníIling. Ilhile a 0.18 loss in

protein content may not appear staËístically signifícant, according to a

senior rnilling executive of a highly automated U.K. flour nill it could

cost hÍs company up to $1-52,000 in nill profitability (Smart, l-990). As a

result, the modern niller nay wísh to know more about a sample of wheaü
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than just grade and protein content as determined by the present grading

system. It is suggested that wheat kernel size distribution be Íncluded as

a wheat grading criteria in the Canadian grading system.

3. Objectíve ewídence showed that Canada's graín grading and bulk handlíng

system is effective in prornoting unifornity of physícal grain attrfbutes

in top grade export shipnents of CIIRS wheat. The influence of Canada's

varietal licensing system was also noted.

4. The excellent level of grade discrimination obtained with the

morphological data extracted from the c.a.rgo sauples would suggesu the most

effective use of the image analysis system to be at the terminal elevator

level. !ühile the methodology may not imms¿irg.ly replace existing grading

methods, it would nevertheless improve upon their consistency. Digitized

images from cargo samples could represent an efficient way of storing

important quality information of exporc wheaË shipments.

5. Image analysís may also find a useful applícatíon in breeding programs for

evaluating earLy-generation nilling yield potential. Precise measurement

of kernel size and shape features through non-destructive means would be

an attractíve alternative r,rhere sample size is linited.

6. Recent studies have coumented on the Ímportance of uniforrnity of quality

in 
. 
the international wheat market. The price premium that CI^IRS wheat

conmands over Australian Príme Hard and U.S. Dark Northern Spring reflects

Canada's policies relating Ëo wheat quality. This would suggest that
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Canada's approach to the lÍcensing and grading of new varietÍes may not

have been as inefficient as orígina11y thought. The uniform and

predíctable quality of No.l CI,IRS wheat has allowed the Canadían lfheat

Board to make inroads into several important markets such as Japan,

Thailand, Venezuela, Indonesia and üIestern Europe because buyers there

have been dissatisfÍed with the quality fluctuations in U.S. shipments of

hard red spring wheat.
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APPENDIX I. Primary Grade

(From Canadian Grain Commíssion,

L29

Determinants for CI^IRS l^Iheat

Official Grain Grading Guide, L987)



Grade

llestern Red

llo. 2 Car¿da
llestern Red
Spri ng

i

llo. 3 Canada
lfestern Red

RED SPRIIIG TIHEAT (Canada IIeStErn) . PRIIIARY GRADE DEÍERIIIIIAIITS

Standard of Qualtty

Canada
ljestern
Feed

Fi nal
Grade
llame

Any varlety of red
sprlng wtreat equal
to lleepaHe

Any varlety of red
sprlng rheat equal

Canada
tlestern
Feed

Any type or varlety
of rheat excluding
anber durum

Reasonabìy rÍel ¡ natured,
free from damaged kernels

Falrly well natured, nay be
noderately bleached or frost
danaged, but reasonably free front

llay be frost damaged, lnnature or
weathered, but moderately free

Excluded from other grades of wheat
on account of light weight or damaged
kernels, but shall be reasonably
st{eet

llaxlmu¡ Llnits of

Yarletles

Total
Includlng
Contrastlng
cl asses

Over 10.07
grade lllxed
Grain, G.I.
t{heat

10.ffi

llo Llmlt
10.07 amber
durun only

Canada ïestern Feed
over 10.(7. amber durun
grade lfheat, SamPle G.ll.
Account Admixture

H(,



RED SPRING ¡fHEAT - lIrIllARY CRAOE DETERU!4UI

Ihoât, Sample G.lf.
Account Heeted

lfheat, Sample
C.lf. Account
Fl reburnt

rDegetæd:
ñCrass Green Kernels:

rtlnsect Darage:

llOTE: THE LEÍTER 'K'

grade Sanple
Broken Graln

2.5f grade ReJected 'grad€'
Account Stones. Over 2.5f

Tolerances apply to kernels not classed as -sprouted.i;iã;ilõ iiå órien'ãi"i-óeitãrai óuiàe an¿ i'ay be lnceased or reduced ln the Judopnt of the
inipeciór atter-conslderatíon of tñe overall quallty of a sanple.
iöiãienð"s-¡rã noi a¡ióluie naxlnr¡rs. Inspecdors nust consldèr the degree of danrge ln
conJunctlon witñThe overall quallty of the sanple.

III THESE TABTES REFERS TO KERIIEL SIZE PIECES III 5OO GRÂilS.

Plnk I statn
Ârtt fl cl al

Total
Smdge
and

lfheat, SanPle
C.lf. Account
Stained Kernels

8t

lf€stern
Feed


