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Abstract In this paper we demonstrate that the most com-
monly used mathematical measure of circularity—the Form
Factor—is highly resolution dependent. Furthermore we
show that despite the abundance of papers proposing mea-
sures of roundness, most of the new measures are mathe-
matically equivalent to the Form Factor. Only four measures
were found that were different. We then present two new
measures, the first based on the theory of Mean Deviations
and the second based on the mathematical definition of a
circle. When compared in terms of resolution dependence,
order of complexity, ease of calculation, and how well they
match human perception, the two new measures are shown
to be better overall than the previous measures. The two new
measures are resolution independent in the sense that chang-
ing the resolution makes no change to the order of circularity
of different shapes. That is, changing the resolution does not
change whether one object would be considered more round
than another on the basis of the measure. None of the other
measures has this property.

Keywords Circularity · Roundness · Shape · Resolution ·
Human perception

1 Introduction

The measuring of roundness has widespread application in
such diverse fields as biology [1–9]; medicine [10–15]; in-
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dustrial processing [16–20]; botany [21, 22]; geology [23];
dentistry [24]; paleontology [25]; and physics [26].

In all fields similar questions are posed: “is an object
round?”, “is it more round than another object?”, “can its
roundness be used for classification purposes?”. To this
end various calculations have been proposed that measure
roundness, however many of these are actually mathemat-
ical derivations of each other. Furthermore there has been
little research comparing these measures with each other or
comparing them under different resolutions.

This paper reviews previously presented measures of
roundness in Sect. 2. We then present two new measures
of roundness in Sect. 3. Comparisons between the various
measures are then presented in Sect. 4. Section 5 presents
the conclusions of these comparisons.

2 Review of Circularity Measures

2.1 Area-Perimeter Comparison

The most commonly used measure of roundness is that de-
scribed by Cox [27] in 1927 which he calls ‘percentage
roundness’, despite the fact that it is not actually a per-
centage. Since then this measure has been used by many
researchers [4–9, 12, 13, 15, 17, 18, 25, 28–31] and given
many different names. We choose to call it the Form Factor
in line with the American Society for Testing and Materi-
als [32].

The Form Factor is best described as the ratio of the area
of the object to the area of a circle with the same perime-
ter as the object. However it is usually calculated using the
perimeter itself:

FF = A

Ap

= 4πA

P 2
, (1)
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Fig. 1 The Form Factor is the
ratio of the area of an object to
the area of a circle with the
same perimeter as the object

where A is the area of the object, Ap is the area of a circle
with the same perimeter as the object and P is the object’s
perimeter. The Form Factor for all objects lies in the range
(0,1], with only a circle giving the highest value of 1. A di-
agram illustrating the meaning of this measure can be seen
in Fig. 1.

Derivations of this measure are also proposed in the
literature, often described as if they were new measures.
Richardson [33] defines ‘homoplaty’ as

H = 2
√

πA

P
. (2)

However, this is the square root of the Form Factor defined
in (1). The additional square root calculation adds no more
than a nonlinear scaling of the Form Factor at the cost of the
function call.

Foresto, D’Arrigo, Carreras, Cuezzo, Valverde and Ra-
sia [8] define the ‘aggregate shape factor’ as

ASP = A

P 2
. (3)

This measure is a non-normalised version of the Form Fac-
tor. In effect this means that its range is (0,4π], which is a
less intuitive range than the normalised version.

Hausner [34] defines ‘surface factor’ as

SF = P 2

4πA
, (4)

and this inverse of the Form Factor is also used by others [19,
22, 24, 35]. This measure has the disadvantage that its range
is in fact [1,∞), where a circle has value 1. Therefore the
surface factor is a measure of non-roundness rather than
roundness, making its inverse—the Form Factor—a prefer-
able measure of circularity. A non-normalised version of the
inverse has also been used [1–3, 6, 21, 26]. Gordon, Colman-
Lerner, Chin, Benjamin, Yu and Brent [15] subtract 1 from
the inverse to give a range of [0,∞).

Moschakis, Murray and Dickinson [20] divide the inverse
of the Form Factor by 1.064 to compensate for the square
corners produced by digitisation:

RMMD = P 2

4πA1.064
. (5)

However, this linear scaling adds little utility to the inverse
form factor, as it does not change the relative values for dif-
ferent objects.

Diamond, Berry, Jewett, Eggleston and Coffey [36] de-
fine a ‘new’ measure they call the ‘nuclear roundness fac-
tor’:

NRF = rp

ra
, (6)

where rp is the radius of a circle with the same perimeter as
the object, and ra is the radius of a circle with the same area.
However it can be shown that

NRF =
√

1

FF
. (7)

Therefore this proposed measure is in fact the inverse square
root of the Form Factor.

As stated previously, the Form Factor and its mathemat-
ical derivations have been widely used. However in 1961
Richardson [33] mentioned—and later Mandelbrot [37]
showed—that the perimeter of a shape increases as the unit
of measure decreases. Increasing the resolution of an im-
age is equivalent to reducing the unit of measure, and hence
one could expect the perimeter to grow non-linearly with
increased resolution. This means that the Form Factor is
probably resolution dependent [30].

A second problem with the Form Factor is the difficulty
of calculating the perimeter of digitised images per se [38].
In fact the Form Factor was originally designed as a non-
discrete measure and it has been demonstrated that it is more
accurately defined as a measure of octagonality [39] when
used on digitised images. Calculation of the perimeter is
covered in more detail in Sect. 4.2.

2.2 Methods That Use Sampling

In an attempt to solve the two problems—resolution depen-
dence and perimeter inaccuracy—Hawkins [40] defines a
‘projection shape factor’—which we shall call the Sampled
Form Factor—which uses an estimate of perimeter taken
from multiple radii:

SFF = 4πA

P 2
5

, (8)

where P5 is the length of connected edge pixels at 5 de-
gree intervals. In essence the area is being compared with a
smoothed border.

Gordon et al. [15], also use a sampling method. The
lengths of 128 radii at evenly spaced angles around the ob-
ject are transformed using the Discrete Fourier Transform
(DFT). For circular objects DFT(0) will be non-zero and
DFT(ω), ω > 0 will be zero. For all other objects DFT(ω),
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Fig. 2 Finding perimeter points
or radii lengths at regular degree
intervals is undefined for some
objects

Fig. 3 Parts of two objects. The one pixel difference means that the
object on the left will have multiple border points along the radial
sampling line and so could not be used by radial sampling methods,
whereas the object on the right could be used

ω > 0 will be positive. Fourier Transform Roundness can
therefore be defined as

FTR =
√√√√∑

ω>0

∣∣∣∣DFT(ω)

DFT(0)

∣∣∣∣
2

. (9)

This measure gives a value of 0 for a circle, with increas-
ing values for increasingly irregular objects.

However there are problems with measures that do sam-
pling in the manner described in these two papers, because
selection of the points is undefined for objects that have
more than one border point on any particular trajectory from
the centre. An example of such a shape is shown in Fig. 2.

Hawkins does not propose a solution to this problem,
however Gordon et al. address the problem by setting the
value of FTR to −1 in such situations, which was a success-
ful solution in their domain. However, problems may occur
when a small irregularity in the border—such as that shown
in Fig. 3(a)—leads to the inability to calculate a value for
an object which may be close to circular. This problem may
also become more likely with higher resolutions. Further-
more, a one-pixel difference in the border of the object—
such as that in Fig. 3(b)—would change the result of the
calculation. For these reasons, methods that use sampling
might only be useful in a limited set of situations and not
generally viable solutions for calculating roundness.

Fig. 4 The Circularity Factor is
the ratio of the area of
intersection of an object with a
circle with same area and centre
as the object, to the area of the
object itself. In the diagram
above it is the ratio of the
number of black pixels to the
number of pixels enclosed in
and inclusive of the object
border

2.3 Area-Area Comparison

Giger, Doi and MacMahon [11] define a measure that they
call circularity, but which we will call the Circularity Factor,
to avoid confusion with the generic term circularity. This
measure is defined as:

CF = |A ∩ D|
|A| , (10)

where A is the set of pixels defining object A and D is the
set of pixels defining a discrete disk centred on the centre
of gravity of object A and with the same area as A. A di-
agram illustrating the meaning of this measure can be seen
in Fig. 4. A discrete circle centred on the exact centre of an
object will not necessarily have the exact area of the object,
therefore Bottema [39] suggested that it would be better to
search for a nearby centre that does allow a disk with the
exact area. However the difference in the areas is only sig-
nificant for very small objects or objects at very low resolu-
tion and there is a time cost in searching for such a perfect
discrete disk.

2.4 Area-Diameter Comparison

Pentland [41]—also in 1927—defines a measure he calls
‘projection sphericity’ which others [13, 17, 32] have called
‘roundness’. We will call this measure the ‘Roundness Fac-
tor’ to save confusion with the generic term ‘roundness’.
This measure compares the area of the object with the area
of a circle that has the same maximum diameter of the ob-
ject. A diagram illustrating this measure can be seen in
Fig. 5. As with the Form Factor, the definition using area
is more easily calculated by conversion to more measurable
values:

RF = A

Admax
= 4A

πd2
max

, (11)

where Admax is the area of a circle with the same maximum
diameter as the object, and dmax is the maximum diameter,
defined as the length of the longest line that can be drawn
between two points on the border of the object (see Fig. 5).
Like the Form Factor this measure has a value of 1 for a
circle and a range of (0,1].
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Fig. 5 The Roundness Factor is
the ratio of the area of an object
to the area of the circle with a
diameter equal to the longest
diameter of the object

2.5 Mean Deviations

The traditional way of measuring deviation from a desired
form is with a mean deviation. The mean deviation for a
circle would therefore be defined as

MD = 1

n

n∑
i=1

|ri − rg|, (12)

where n is the number of points on the perimeter, ri is the
radius at perimeter point i—measured relative to the cen-
tre of gravity of the object—and rg is the average radius,
again relative to the centre of gravity. This is illustrated in
Fig. 6, which shows the circle of average radius, to which
the border points are compared for this circularity method.
The main disadvantage of this method is that the deviations
are size dependent, making the method size dependent.

For this reason Almeida-Prieto, Blanco-Mendez and
Otero-Espinar [18] develop a measure based on the Mean
Deviation, that they call the ‘mean percentage deviation’ of
radius:

MPDR = 100

n

n∑
i=1

|ri − rg|
rg

, (13)

which is a normalised version of the mean deviation multi-
plied by 100 to give it a semblance of a percentage. This
measure solves the size dependency of other mean devi-
ation measures, however it still has several disadvantages.
Firstly it is a measure of non-roundness rather than round-
ness. Secondly—despite its name—it is not a percentage. In
fact its upper bound is difficult to determine mathematically.
However if one considers a straight line to be the least cir-
cular of objects then it can be shown that as line length n

increases the MPDR tends towards 50 rather than 100. In
the next section we give a measure based on the Mean De-
viation that removes these disadvantages.

Fig. 6 The Mean Deviation is
the sum of the absolute
difference between the radius of
each border pixel and the
average radius

3 Two New Measures of Roundness

3.1 Mean Roundness

The disadvantages of the Mean Percentage Deviation can be

solved by developing an inverse measure based on the Mean

Deviation (12). We therefore define the Mean Roundness as

MR = 1

n

n∑
j=1

rb

|rj − rb| + rb
, (14)

where rb is the average radius from the border points to the

centre of the border—defined in Sect. 4.2—and rj is the ra-

dius of border point j relative to the centre of the border. We

use the centre of the border rather than the centre of gravity

as it is much faster to calculate than the centre of gravity and

requires only knowledge of the border points.

3.2 The Radius Ratio

By definition a circle is a shape in which all radii are the

same length. We therefore posit that an examination of only

the longest and shortest radii can be successfully used as a

measure of roundness.

We therefore define the Radius Ratio as

RR = rbmin

rbmax
, (15)

where rbmin is the minimum radius of a border point from

the centre of the border, and rbmax is the maximum radius.
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4 Comparison of Measures

4.1 Criteria for Comparison

To enable a comparison between measures it is necessary
to have a set of criteria that defines ‘best’. We therefore de-
fine the ideal measure of roundness as having the following
attributes:

1. It should be resolution independent. That is, the threshold
used to discriminate circular from non-circular shapes
should be the same for any resolution, so that the mea-
sure becomes independent of the equipment.

2. It should be consistent. That is, the ordering of objects by
the measure should be the same at any resolution.

3. It should be efficient to calculate, preferably with O(n)

complexity.
4. It should be defined for all two-dimensional objects.
5. The results should match those of human perception.
6. It should be a measure of ‘roundness’, rather than ‘non-

roundness’—that is its value should be higher the more
circular the shape—with a range of (0,1], where 1 is
scored only by a perfect circle. Note, however, that no
measure need be rejected based on this alone, as a new
measure that fits this criteria can always be developed
from the original measure.

Five of the measures to be compared—the Form Fac-
tor (1), the Roundness Factor (11), the Circularity Factor
(10), the Mean Roundness (14) and the Radius Ratio (15)—
conform to attributes 4 and 6 above.

The Fourier Transform Roundness (16) does not conform
to attribute 6, however we found empirically that it has a
range of [0,1), where a circle has a value of 0. We therefore
define the Fourier Transform Circularity (FTC) as:

FTC = 1 − FTR, (16)

this gives a range of (0..1] as for the others.
Both the methods using sampling—the Sampled Form

Factor (8) and the FTC (16)—theoretically fail to satisfy the
requirement that the measure be defined for all two dimen-
sional shapes. However, we have included them in our analy-
sis, so as to find out how often they fail in practice. When
they fail to calculate a value they will return −1, allowing
identification of such cases.

In terms of ease of calculation, the Radius Ratio, Mean
Roundness and Fourier Transform Circularity only require
the border to be identified, whereas the Circularity Factor
requires identification of the points comprising the object it-
self, and the Form Factor, Sampled Form Factor and Round-
ness Factor require both the border and the object points.

The Circularity Factor has complexity O(m) where m is
the number of points comprising the object. The Roundness

factor and Fourier Transform Circularity both have com-
plexity of O(n logn)—where n is the number of points in
the border. The Mean Roundness, Form Factor, Sampled
Form Factor and Radius Ratio have complexity of O(n).
However it should be noted that the Mean Roundness re-
quires each border point to be visited twice: firstly to cal-
culate the mean radius and secondly to calculate the mean
difference. Since the other three methods with complexity
O(n) only require one loop, they may be faster to calcu-
late.

4.2 Image Measurements

The following measurements were used when calculating
the measures to be compared.

The border of an object is defined as an ordered one-
pixel-width, 8-connected sequence of n pixels. It is repre-
sented by a vector of pixels b1, b2, . . . , bn where each pixel
touches the previous pixel at either a corner or along an
edge. All pixels inside the border belong to the object, all
pixels outside the border do not.

The perimeter of an object is calculated using

P =
n−1∑
i=1

D(bi, bi+1), (17)

where bi is a point in the border vector and D is given by

D =

⎧⎪⎨
⎪⎩

0.948 where bi and bi+1 are horizontally
or vertically adjacent

1.343 where bi and bi+1 are diagonal
to each other.

(18)

These values seem counter-intuitive to the accepted values
of 1 and

√
2, however they are shown by Dorst and Smeul-

ders [38] to be on average more accurate. We confirm this,
finding that for shapes for which it was possible to calcu-
late the perimeter mathematically based on the length of
one edge—for example the circle, square and octagon—the
maximum inaccuracy dropped from 8.1% to 5.5%.

Since the perimeter is measured passing through the cen-
tres of the pixels that form the border, it effectively cuts each
border point in two. Therefore the area is calculated as:

A = m + 0.5n, (19)

where m is the number of points inside the border. It is worth
noting that this formula was found to have inaccuracy of less
than 1% for all shapes for which it was feasible to calculate
the area mathematically.

The centre of the border is calculated as

Cb = 1

n

n∑
i=1

bi. (20)
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The centre of gravity is similarly calculated as

Cg = 1

m + n

( m∑
j=1

oj +
n∑

i=1

bi

)
, (21)

where oi is a point internal to the object.
The maximum diameter is calculated using the ‘rotating

caliper’ method [42] on the convex hull, which is found us-
ing the ‘Graham Scan’ algorithm [43].

The intersection of an object pixel and the discrete disk of
the same area is, of course, dependent on the algorithm used
to draw the ‘circle’ that forms the discrete disk. For ease of
calculation, we are assuming that an object pixel intersects
with the discrete disk if its centre falls within the radius of
the disk.

For the methods that use sampling, the shape was rejected
if two or more border pixels lay on the same radial line from
the border centre.

4.3 Basic Shapes

As a first step in considering the usefulness of the five mea-
sures, 18 basic shapes were drawn digitally. For each image
the points comprising the object were found using thresh-
olding, and the border found using graph processing the-
ory [44].

The measurements described in Sect. 4.2 were then used
to calculate values using the seven methods under consider-
ation. The shape set and full results of this can be found in
Appendix A.

From these results it can be seen that the Form Factor is
not a good measure of roundness as it places the octagon
and rounded square ahead of the circle, which is consistent
with the theoretical work of Bottema [39]. The Roundness
Factor may also be considered poor as it includes the two
circles with inclusions within the top three most round. This
might be considered useful in some cases if it were not for
the fact that the circles with identical shaped extrusions have
much lower Roundness Factor values, which is inconsistent.
The Mean Roundness and Radius Ratio score the same five
shapes as most round, varying only slightly in order. The
Circularity Factor has the same top three as do the Mean
Roundness and Radius Ratio, however it is noticeable that
it gives the long pointed intrusion and extrusion higher cir-
cularity values than the shorter, wider intrusion and extru-
sion. This seems counter-intuitive. Both of the methods that
use sampling reject 8 out of the 18 shapes. However those
shapes for which they can calculate circularity are ordered in
a similar manner to each other and to the Mean Roundness.

4.4 Threshold Resolution Independence

Six shapes were drawn on paper (Fig. 7) and then scanned
in at resolutions of 100, 200, 300, 400, 600 and 800 dpi. As

can be seen from the detailed results given in Appendix B,
only the Mean Roundness and the Radius Ratio were shown
to be resolution independent in that the order of circular-
ity of objects was maintained between resolutions, therefore
allowing a single threshold value to be used to determine
circularity at any resolution.

The other measures all proved to be resolution dependent
in some manner. The FF, SFF, RF, and CF all result in differ-
ent values for at least one object at different resolutions. The
Form Factor is the least resolution independent as it scat-
ters all but shape number 2 over the range of calculated val-
ues. The Sampled Form Factor and Roundness Factor have
some scattering and the Circularity Factor has one object out
of place. The Fourier Transform Circularity does not scatter
the values for the resolutions, however both it and the Sam-
pled Form Factor fail to calculate values for some objects at
each of the lowest four resolutions, and all objects at the two
highest resolutions. The most circular of the objects—shape
1—could only be given a value at the lowest resolution. It is
also worth noting that the FTC is the only measure that gave
a less circular value to shape 1 as compared to the slightly
wobbly circle (shape 3).

4.5 Ordering Consistency

A second consideration is whether the order of the shapes is
consistent within each resolution. That is, even if the thresh-
old varies, the ordering of the objects by a measure should
be the same no matter what the resolution. In other words
whether relative roundness is consistent between the differ-
ent resolutions.

In this respect the Form Factor, Sampled Form Factor,
Roundness Factor and Circularity Factor all fail, with one
or more differences in object order at different resolutions.
The Fourier Transform Circularity was consistent, however
it could not calculate values at high resolutions due to two or
more points falling on a radial line. Both the Mean Round-
ness and Radius Ratio gave consistent ordering of objects
for each resolution.

4.6 Human Perception Test Using Drawn Images

Since the Form Factor is highly resolution dependent, it can-
not easily be compared to human perception of circularity
for the six hand drawn images, therefore we do not discuss it
here. For the Sampled Form Factor, Roundness Factor, Cir-
cularity Factor and Fourier Transform Circularity, the order
used for comparison was the dominant one appearing in the
results given in Appendix B.

The six shapes shown in Fig. 7 were given to 38 volun-
teers at a conference, who were asked to place them in order
from most circular to least circular. 15 different combina-
tions were chosen by the 38 people; all but 1 of the com-
binations (selected by only 1 person) had object 1 as the
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Fig. 7 Six hand-drawn shapes

Fig. 8 One of the four images of red blood cells used for a human
perception test. The images have been processed to remove the back-
ground, segment the objects, and identify the object borders

most circular. Analysing the combinations compared to the
order of results of the four resolution independent measures
showed that the Sampled Form Factor, Mean Roundness and
Circularity Factor more closely matched human perception
than did the Radius Ratio or the Fourier Transform Circu-
larity. The best match of all was given by the Roundness
Factor.

4.7 Human Perception Test Using Natural Images

To compare the measures with human perception of nat-
urally formed shapes, four images of slides of red blood
cells—an example is shown in Fig. 8—were segmented [44].
The images were then printed on A4 sized paper with each
cell numbered. The images contain a total of 339 objects.
The images were given to a group of 16 university students
with each image evaluated by four different people. Each
person was required to judge each cell as either circular, in-
determinate or non-circular. A decision of non-circular was
then given a score of 0, indeterminate a score of 1 and cir-
cular a score of 2. The four scores were added up, giving a
total score of between 0 and 8 for each object.

In order to enable comparison of the four roundness mea-
sures with the judgements of human observers, any score
above 6 was deemed to denote a circular cell. This equates
to at least three of the four judges declaring the object cir-
cular, or two judges declaring it circular and the other two
undecided. All cells with a score of 0 were classed as non-
circular. Using these criteria, out of the 339 objects in the
images, 21 were counted as circular, 119 as non-circular and
the rest as indeterminate. Values were then calculated for

each object for each of the seven measures under considera-
tion.

When deciding if an object is circular it is normal to
choose a threshold for the measure being used. Objects with
a value above this threshold are considered circular and be-
low it are considered non-circular. For each potential thresh-
old a count can be made of the number of cells that are
above the threshold for the measure, but which were con-
sidered to be non-circular by the survey participants. These
are false-positive results. Similarly a count can be made of
the number of cells that are below the threshold, but which
were considered to be circular by the survey participants.
These are false-negatives. Summing the false-positives and
false-negatives gives the total number of false results—as
compared to the survey group—for a particular threshold.

This sum of false results can therefore be considered a
measure of accuracy—as compared to human perception–of
a circularity method at a particular threshold. If the num-
ber of false results is then calculated for multiple potential
thresholds, a graph can be drawn showing the accuracy of
the circularity method versus the potential threshold values.
Such graphs can be seen in Fig. 9. Three graphs are required
because the measures have different empirical ranges.

From these graphs it can be seen that the minimum pos-
sible number of false results is lowest for the Radius Ratio,
Roundness Factor and Sampled Form Factor, each of which
have a minimum of 3 (2.1%) false results out of the 140 cat-
egorised cells. The Mean Roundness had a minimum of 4
false results (2.9%); the Circularity Factor a minimum of 6
false results (4.3%); the Fourier Transform Circularity had
a minimum of 7 false results (5%) and the Form Factor was
worst with a minimum of 15 false results (10.7%).

The graphs for the Circularity Factor and Mean Round-
ness are noticeable similar. When considering Figs. 4 and 6,
the reason becomes obvious: they are using very similar
data. They are different only in that the Circularity Factor is
based on area difference and the Mean Roundness on radius
difference. Since the average radius and the object’s area are
highly correlated for close-to-round objects, the two mea-
sures give similar values the more circular the object. In the
portion of the graphs that is not shown—where the objects
are least circular—the two measures diverge.

Finally, it is worth noting that the two techniques that
use sampling did not reject any of the shapes that human
perception deemed circular.
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Fig. 9 The sum of false results for the human perception test for the
seven different measures for different potential thresholds. Three dif-
ferent graphs are required because the measures have different empiri-
cal ranges

5 Conclusion

This paper reviews measures of circularity and demonstrates
that most of the measures described in the literature are in
fact mathematical derivations of only one, the Form Factor.

Other measures described in the literature that are differ-
ent to this are the Sampled Form Factor, Circularity Factor,
Roundness Factor, and Fourier Transform Roundness. The
first three of these and the Form Factor all have ranges of
(0..1], where only a circle can have a value of 1. However
the Fourier Transform Roundness has a theoretical lower
bound of 0 for a circle, and we found it to have an empirical
upper bound of 1. We therefore define the Fourier Transform
Circularity as simply 1 − FFR to give it the same range as
the other measures.

We have also introduced two new measures. The first
of these—the Mean Roundness—is based on the theory of
Mean Deviations, and has been normalised to have a the-
oretical range of (0..1]. The second new measure—the Ra-
dius Ratio—is based on the definition of a circle and this too
has a range of (0..1]. Thus there are seven measures that we
compare: the Form Factor, Sampled Form Factor, Circular-
ity Factor, Roundness Factor, Fourier Transform Circularity,
Mean Roundness and Radius Ratio.

The comparisons done found that the Form Factor—
although the most commonly used measure—is the poorest
as it is highly resolution dependent, requires identification
of both the border and interior points of the object, pro-
duced the poorest match with human perception, and has
been demonstrated to be a measure of octagonality rather
than circularity.

The Roundness Factor and Circularity Factor were also
shown to be resolution dependent and they also both require
identification of the points interior to the object. The Round-
ness Factor has the worst complexity of all the measures,
however it does have a good match with human perception.

The Sampled Form Factor and the Fourier Transform Cir-
cularity both use sampling techniques, which means that
they are not defined for all two dimensional shapes. Fur-
thermore, the sampling resulted in some objects having a
calculable value at some resolutions and not at others, as
well as the rejection of all of the high resolution objects.
The Fourier Transform Circularity is also the second slowest
measurement to calculate and did not match human percep-
tion particularly well.

Both the Mean Roundness and the Radius Ratio were
shown to provide resolution independent ordering of the
shapes based on the calculated measure. They also both
give good matches to human perception, and have O(n)

complexity, where n is the number of pixels forming the
border. The Radius Ratio, however, should be faster to
calculate as each border point is only visited once, not
twice.
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In summary, we introduce two new measures of round-
ness, both of which out-perform previous measures when
considering complexity, the data required for calculation,
resolution independence and the matching of human per-
ception.

Appendix A: Results for the 18 Digitally-Drawn Shapes

This table shows the calculated values for the seven mea-
sures for 18 digitally drawn basic shapes. Results for each
measure are sorted to assist comparison. The horizontal lines
indicate that the shapes below the line could not be measured
using the sampling techniques of the Sampled Form Factor
(SFF) or the Fourier Transform Circularity (FTC).

Appendix B: Results for the 6 Hand-Drawn Shapes

This table shows sorted results for the seven measures for
6 hand-drawn shapes—see Fig. 7—that were scanned in at
multiple different resolutions. SN is the shape number given
in Fig. 7. The shape numbers have coloured backgrounds to
make it easier to see the position of the same shape for dif-
ferent resolutions. These results show that the Form Factor
is highly resolution dependent and that both of the methods
that use sampling reject objects at some resolutions and not
at others; the horizontal lines indicate that the shapes below
the line could not be measured. It is also worth noting that
the Fourier Transform Circularity is the only measure that
does not place the hand-drawn circle at the top of the list.
The only measures that maintain the relative order of the
shapes for different resolutions are the Mean Deviation and
the Radius Ratio.

aThis value for the Form Factor
is greater than one because the
perimeter of digitised objects
cannot be calculated
exactly [38]
bFive decimal places are
required to differentiate between
round and almost round objects
using the FTC
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