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1, INTRODUCTION
The aim of this note is to estimate tho order of bias in the circular cutting
method of estimating crop yield due to over-or under-estimation of numbers of plants
on the boundary of the circle.

In what follows, we assume that the condition of unbiasedness with regard
to the size ' of the field lolds. That is to say, every movable oval F of arca F
which has at least one point in common with the a-th small oval F, of arca F,
and of perimeter L, in T is completely contained in 7. Otherwise wo must assumo

an extended arca 7” instead of 7' {Masuyama, 1953 (Part I)).
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Consider tho cross-scction of plant at tho ground level and replaco a set of
cross scctions of tillers in a bunch by ita convex closuro. A mechanical analogy

of the convex closure is the area surrounded by an elastio belt on wheels, whero
wheels correspond to tho cross sections of tillers. For tho sake of eimplicity we
call this convex closure tho ‘plant’ or tho ‘small oval’.

2. Tue FIRST MODEL

We assumo that the yicld of a bunch is proportional to its small oval. Then
the kinematio expectation of the meet ) between tho sct of fixed small ovals (F,}
and & movablo oval F is given by

KE(M} = ;':(;,)Y (= m, say), e (20)

under the condition of unbinsedness, where ¢ is the sum of areas F,(2=1,2,...,%).

In our caso wo havo F=nr3, whero r is the radius of circular cut. Thus we have
Amfm = 2Arfr w (2.2)
which gives the relativo crror due to over- or under-estimation of r.

Let us assumo that r = 48 inches and Ar = 1 inch, then wo havo

Amm = 0.042. . (2.3)
If wo uso a movable square, as is used in Japan®, we have
Amfm = 2Aala, e (2.4)

whero a? is the size of the movablo square. If we assumo the arcas of the same sizo,
var =a. Thus Aa = Ar leads to v/rAaja = Arfr,

t In (2.1) wo havo tuken tho kinomatio donnity. 1lowover, it has bova proved luter [Masuyums,
1934) that tho rotution of the movoblo oval is not necosssry to caliinato .

® It is cullod “Tubogari”, “Tubo" iv approximatoly cqual to 36 squaro fot. “Cari® is the
curreaponding suedioe palutals (o tho tenues palutale “Kari®, which moans "out'’.
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3. Toe 8ECOND MODEL
We assumo here that the yicld per movable oval is proportional to the number
of plants counted with regard to tho movablo oval,

O

@@

5.0

1Wo count here tho number of plants which aro partially or completely included

in tho movable oval. Then under the dition of unbiased the averago b
of plants in tho circular cut is given by
p = ($+Ar4vart)[T . (3.0)

(cf. Masuyama, 1953 (Part I)]
or, pt = f+Irdart, . (3.2)
where we put T'fv =¢,$fv = f and Afv = 1.

We shall discuss three different models in this class.

i} The bias due lo the over-or under-estimation of the number of planis on the
boundary of the movable oval. As was shown in a previous paper [Masuyama, 1953
(Part II)], the number of plants on tho boundary is equal to

y = 2ArT = 2lrjt e (3.3)
on the average. Thus the relative error of p will be
Bplp = AAR(B+Ar4vmr?)

=AY +Ir+nY). e (3.4)

Let ua assume that r = 4 ft., ! = 0.78 ft., f = 0.054 eq.ft. and ¢ = 1.0 8q.ft.,*

then wo have
p = 0,06440.78r+43.1472

= 0.05+3.124-50.27=253.44, . (3.5)
and accordingly Apfp = Ay[100.88. . (3.8)

® Thoso oyo-estimates woro obtainod by the author at the Indian Statistical Imatitute's (ISI)
experimentol fiold of rico in Qiridih, According to tho direct counling by ISI trainecs, 2irjt is noarly
6 and p Is noarly 60 in this fold [cf. Masuyams & Bonguple, 1054 (Part V)).
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If we oxaggerate tho actual problem, assuming that nll plants on the boundary aro
erroncously excluded, then wo have

By = 2rft = 6.24, e (37)
and accordingly Apfp = 0.058. . (3.8)

In thoe caso of a movablo rqunro of the samo size wo have

p = 0.064+40.60a+a?

= 0.05+43.64+50.27 = 53.86, . (3.9)
and Ay = Haf(nt) = 7.08. e (3.10)
Thus we obtain Apfp = 0.066. e (3.11)

That is to say, the square cut is a little bit worse than the circular cut,
This is a natural conclusion beeause of the isoperimotricinequality.

Wo note that in our formulao (3.5) and (3.9), f is negligibly small compared with
tho arca of movable oval and the sccond term which depends upon the mean perimeter
is Jess than ono tenth of tho third term.

{ii) The bias due lo the over-or under-estimation of r. In this case we have

1Ap = (I4-27r)Ar, . (3.12)
and accordingly Apfp = glr) &r, we {(3.13)
where wo put g{r) = (I 2m)/(f+Irnr), e (3.14)

In the case of our numerical example,
glr) = (0.7846.28r)/(0.0654+0.78r - 3.14r%)
= 25.01/53.44 = 0.48, o (3.15)
and accordingly Apjp = 0.040, . (3.18)
where we put Ar = 1/12ft.
Differentiating g(r) with regard to r, wo get
PG (r) = (2nf—13/2)—2n2(r4-1j2m), . (3.07)

Thus wo havo a positive root of g'(r), eay r,, only when 2xf > {%but g"{r,) < 0in this
caso, Thatis tosay, therois no positive r which minimizes g(r). To mako g(r) small, wo
should mako at least ono of f,! and r large. o note that in our numerical examplo
glr) is approximately equal to 2/r [cf. (2.2)).
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If wo assume further that each fixed oval is circular, we havo
glr) = (mn)f{e’+(m+1)3, o (3.18)

where m and o are tho mean and the varianco of the radii of fixed ovals. Thus g{r)
is a decreasing function of r, 1 and o,

In the case of the movable square we havo
gla) = (0.50+2a)fp = 0.263, e (3.10)
and accordingly Apfp = 0.022, v (3.20)

where wo put Aa = 1f12ft,

(iii) The bias due to the under- or over-estimaltion of perimeters, \We have scen
in (i) that the average number of plants on the boundary is equal to 2/r/t, In this
case we have

Aplp = h(r)al . {3.21)
where we assume the circular cut and

k(r) = ri(f+lr+ar%). e (3.22)

In the caso of our numerical example wo obtain, putting Al = 1/12 ft.,
Apjp = 0.0062, o (3.23)

Differontiating X{r) with regard to r, we have

PN (r) = f—nrt, . (3.24)
As W(r)) <0, whero ry = +/jfm, e {3.25)

there is no minimum, except the trivial case where r = 0. In our numerical examplo
o = 0.131t.
In the case of our movable aquare wo have
Apfp = 0.014, .. (3.26)
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4. Tne TMRD MODEL

Wo put the same nssumption as in §3, oxcept that we count only the number
of plants which are completely included in the movable oval. Then the averago
number of plants in tho circular cut is given by

P ={=lrtnM). e (1)

Thus there is not much differenco between this model and the previous model, In
our numerical example, p = 47.20.
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