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Introduction

The calculations involved in determining the flatness of a surface
table from measurements made with instruments such as a block level or
auto collimator can be lengthy, particularly where a large number of
ordinates are taken. A solution to this problem is presented in this
note in the form of an Autocode progremme which will cater for up to 100
ordinates.

The datum from which the variations in the flatness of the surface
table are determined is the least squares mean plane. This may be defined
as being that plane which makes the sum of the squares of .the errors
relative to it a minimum.

Determination of errors relative to the least square mean plane
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Let the equation of the mean true plane be

7' = ax+ by + ¢

The error at a point i is

0y = n =7, - (ax. + by, + c)
1t can be shown that the mean true plane passes through the centroid
X, ¥, Z and that we may eliminate c¢ by taking the origin at the centroid.

Thus the equation to the mean true plane becomes

1! ax + by
where »
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Note that if the X Y axes are parallel to the axes of symmetry of the plan
view then inyi is always zero.

Let the observed points be

X., Y, and Z,
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Sx.y. = 2X.Y. - 3X.Y¥.
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Zx.n, = 2X,Z, - 2X.Z,
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Zyng = 2Y,%; - 2¥,Z,
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The equatidn to the mean true plane is given by

! = ax + by
or

72! =7 =a(X -X) + b (Y - ¥)
. 72! = aX + bY + Z - aX - bY

= ax+bx+(Zz-e.§x-sz)

and the error of a point i on the surface relative to the least squares
mean plane is given by Z, - Zi. The Autocode programme to obtain the error

-Zi ~'Z§ from a series of obse¥ved points Xi, Yi’ Zi is included in Appendix
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Autocode Programme for least squares mean plane.
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LEAST SQUARES MEAN PLANE
X Y Z ERROR
NABC

J1.0

STOP

v100=TAPE:: -
v200=TAPE:

v300=TAPEx»

v30=n0

ni=0

v1i=0

v2=0

v3=0

v5=0

v7=0

v9=0

v11l=0

v13=0
2)vl=vl+v(100+nl)
vo=v2+v(200+nl)
v3=v3+v(30C +nl)
vh=v({100+n1 )Xv(100+nl)
v5 =V5+V)-!-

vb=v(200+n1 )Xv(200+n1)
vT=vT+v6

v8=v(300+n1 )Xv(300+n1)
vO=vG+vB

v10=v{(100+n1 )Xv(300+n1)
v1l=v1il+vlO
v12=v(200+n1 )Xv(300+n1)
v13=v13+vl2

nl=nl+l

-2 » nl=nsC

v1li=viXvl

v1k=v1l/v30
v1lh=vS=vll

v15=v2Xv2

v15 =vi5/v30
v15=vT~v15
v16=v16/v30
v16=v9-v1lH

v1T7=v1Xv>

v17=v17/v30
viT=v11l=v1l7

v18=v2Xv3

v18=v18/v30
vi8=v13-v18
vi0=v15XviT
v20=v1LXv15
v19=v19/v20
v2l=vliiXv18
vol=v2l/v20




v22=v21Xv2
v23=v19Xvl
va2=v22+va3
V22=V3~v22
v22=v22/v30

nl=0

3 )v2l=v19Xv(100+nl)
vo5=v21Xv(200+nl)
v26=val+ves
v26=v26+v22
voT7=v(300+nl) ,v26
PRINTVElOO+nl),30h0
PRINTv(200+n1) ,4040
PRINTv(300+nl) ,4040
PRINTv27,L4041
nl=nl+l

~ 3,n1#n0

Xnl=0

PRINT n0,3000
PRINT v19, 4042
PRINT v21,L4042
PRINT v22,4062

bZY

aZX

PZY 4+ azX

27 =~ aZX - 2Y

27 = adX = bEY
' no’

aX
bY

ZI

Z~z!

PRINT X
PRINT ¥
PRINT Z
PRINT ERROR

PRINT nO
PRINT a

PRINT b

PRINT CONSTANT




