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Comments on Translating Cranial Coordinates
Between Axis Systems,
and the Calculation of Distances and Angles

Foss Leach
Archaeozoology Laboratory
Museum of New Zealand

17 May 1995

Translating the cranial coordinates which have been recorded in an arbitrary axis system into
a series relevant to a standard axis system for the cranium, in theory, involves two simple
steps - shifting the origin, and then rotating the axes.

However, there are a number of factors which serve to complicate this process. One of them
is that many skulls have missing landmarks, and are simply left blank. In a Fortran program,
these are automatically interpreted as zero. The software designed to do the translation must
be capable of recognising missing values and taking appropriate action. If not, new
coordinates will be generated in the standard axis system which simple inspection will fall to
recognise, because they look perfectly reasonable. This problem was inherent in the material
published by Houghton and De Souza, who unwisely used software written by a third party
(myself), without consultation, for purposes for which it was not intended. As a result, the
translated coordinates contain numerous incorrect values, and the resulting factor analysis
carried out on this data Is largely nonsense. The fact that some plausible results appeared in
this analysis, shows how durable parametric multivariate statistical techniques can be, even
in the face of corrupt input data.

In addition to this problem, despite very careful attention to detail, the person recording
coordinates in an arbitrary axis system can, and does, make mistakes. The problem here is
that the coordinates by themselves do not convey any obvious meaning which relates to the
cranium being examined, precisely because the axis system is arbitrary. If the axis system
were a standard one for all crania during measurement, coordinates which were incorrect,
such as the decimal point being In the wrong place, would be easlly recognised, because the
value stands out as being substantially different to previous recorded values for this landmark
on other crania. No such simple checks are available when one Is using an arbitrary axis
system. Such errors can only be recognised if special inspection software is written, or
translated coordinates are carefully inspected for inconsistencies. When these are found, the
whole cranium must normally be measured a second time, because in an arbitrary axis system
there is usually no way of knowing what the problem was due to and how to correct it. Once
again, the material published by Houghton and De Souza, using my original software,
incorporated no such checks.

For these two, and other, reasons, | decided not to release a simple translating program for
cranial coordinates. In the wrong hands, such a program can easily be incorrectly used,
producing plausible results which are nonsense. This kind of research is not easily automated,
and therefore the software should not be put in the hands of automatons.

The mathematics of translaling coordinates between systems should be thoroughly familiar
to any schoolboy studying mathematics by the fifth year secondary school level. This involves
two simple steps:
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1: Shift the origin

What is involved here Is simply a matter of determining the coordinates of the standard otlgin
in the arbitrary coordinate system, and then making the shiit. The standard origin Is situated
at the point of bisection of the line Joining the left and right Porlon. This coordinate, which |
shall call x0,y0,z0, can then be sublracled from all other coordinates, viz:

x' = x - x0
y' = y-yo
z' = z-20

2: Rotate axes

Once again, the mathematics involved here Is quite simple. One must first find the direction
cosines of each of the standard axes, In the arbitrary axis system, viz:

the new X axis is +ve lowards the right Porion
the new Y axis Is +ve towards Naslon
the new Z axis is +ve in the general direction of Bregma

The direction cosines are:
H,m1,n1 for the new x axis
12,m2,n2 for the new y axis

13,m3,n3 for the new z axis

If x1,y1,z1 are the coordinates of the Right Porion, then any coordinate in the arbitrary axls
system can be rotaled into coordinates in the standard axis system with:

x' = Hixt+mi*ylent’zd
y' = 12'x1+m2*y14n2*z21
rA = 13*x1+m3'y14n3*z1

Having translated all coordinates inlo the standard axis system, is now a simple matter to
invesligate bilateral asymmelry, and calculate distances and angles between points.

3: Calculate Inter-Point Distance

For two points x1,y1,z1 and x2,y2,22, if none of the values are missing, then:
distance® = (x2-x1) + (y2-y1y + (22-z1)?

4: Calculate Inter-Point Angle

Assuming that three points have coordinales for point 1 (x1,y1,21), point 2 (x2,y2,22) and point
3 (x3,y3,23), and none of these have missing values, then these three points define an angle
between the two lines 1/2 and 3/2. The angle theta between these two lines may be found
as lollows: : ‘

if 1H,minl
and 12,m2,n2
then thela

the direction cosine of the line belween points 1 and 2
the direction cosine of the line between points 3 and 2
Cos'(11*12 + m1*m2 + n1*n2)

[
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(left norma lateralis)
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AN 8 uam@ﬂmaﬁa Left Pterygomaxillary Articulare (PTA)
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(Three-dimensional measurement)
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MWA 11 uead Spreading Calipers
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AMNN 14 BAAIuIMAY Y MRTF N (standard Y-axis)
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MWH 13 sEaauInnu X VINTFIU (standard X-axis)





