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which saved about 40 percent of computing time (van Ooste-
rom [5]).

In a discussion of this problem, Dr. F. A. Muller of the De-
partment of Physics of the University of Amsterdam pointed
out that the numerical stability involved in (5) might be
poorer than in (4). He also suggested that a more drastic
reduction might be possible by considering the triple scalar
product R, * (R, X R3). While examining the various expres-
sions for Q alternative to (3) as described in (old) textbooks
on spherical geometry, it became apparent how this advice
could be put to use.

In Casey [4, result (359)], it is shown that

(1 ) 1 + cos (a) + cos (b) + cos (¢)
cos =

2

(6)

" 4 cos (—;—a) cos (%b) cos (%c) ’

with @, b, and ¢ the arcs among A, B, and C as indicated in
Fig. 1. This can be noted as

1+ Z cos (x;)
1.
c0s8 (2 ) 4 n cos (%xi)’

i=1,3,x;=a,x,=b,x3=c.
By using the basic trigonometric relationships
cos? (3x)= 1 {cos (x) + 1} '

and

tan? (lﬂ) S N 1,
2 cos? (%Q)

it can be easily verified that

1/2
{1 +2 [] cos (xp) - >~ cos? (x,-)}
1 i i
tan (—2'9)=

1+ 3 cos(x)
]

The numerator in this expression is equal to sin (a) sin (h),
with & the arc between A and its spherical projection onto BC
(see Casey [4, results (44) and (57)]). From the geometrical
interpretation of the triple scalar product [R{R,R3] = R, -
(R, X Rj), i.e., the volume of the parallelepiped spanned by
the vectors R;, R,, and R, it follows that [R,R,R;] =
R R,R; sin (a) sin (k). Hence, multiplying the numerator and
denominator of (7) by R;R,R3 and using the property of the
scalar product R; * Rj = R;R; cos (R;R;) results in

)
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A Simple Computerized Neuroanatomical
Data Collection System

A. VANIA APKARIAN, CHARLES J. HODGE, H. JAY WISNICKI,
AND JONATHAN DELATIZKY .

Abstract—A semiautomated data collection system, flexible enough
to apply to any microscopic tissue where the data can be accepted as
point positions, is described. The design is simple and can be easily
implemented on a mini- or microcomputer with minimal additional
hardware. The results of a typical neuroanatomical experiment are
shown together with an error and time constraint analysis.

INTRODUCTION

The nature of neuroanatomical data poses difficulties in
creating permanent records that can be collected in a reason-
able amount of time, occupy a minimal amount of space, and
be recalled easily for further analysis. Currently, a number of
research groups [2], [4], [5], [10]1-[12], [14], [19], [20],
[241, [25], [271, [28], [30], [32]-[34] possess automated
or semiautomated data collection systems. The success of
these systems is linked to the neuroanatomical techniques
used. Autoradiography lends itself to quantitative analysis,
where single granules can be counted over a given field of
nervous tissue rapidly and accurately with minimal human
intervention [32], [34]. The analysis of golgi-stained tissue
requires systems capable of tracking neuronal processes in
three dimensions at a high resolution [3], [11], [12], [20],
[25], [30], [33], [34]. Other techniques are limited by sub-
jective identification of the presence of a specific label, where

[R{R,R;]
tan|{—Q}= . (8)
2 RiR3R3 +(R; "R3)R3 + (R, "R3)R; + (R, "R3)R,
the judgment of an operator is indispensible. Retrograde

By using the Fortran function ATAN2,
§2=2 % ATAN2 (N, D),

with N and D the numerator and denominator of (8), the
ordering of R;, R,, and R3 automatically leads to a change in
sign when the observation point moves from one side of the
plane of the triangle to the other side. In contradistinction,
the method of Barnard et al. requires the additional computa-
tion of the normal to the plane triangle to establish the correct
sign.

The computation involves 32 multiplications, 20 additions,
3 square roots, and 1 ATAN2.

labeling of neurons by horseradish peroxidase [16], [18],
glyoxylic acid induced fluorescence of noradrenaline contain-
ing cells or terminals [7], and the Falck-Hillarp [8], [9] tech-
nique to induce fluorescence in catecholamine or serotonin
containing regions in the brain or spinal cord are examples of
methods where introduction of automated techniques has
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