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ABSTRACT

Using tracking tunnels or tracking cards to obtain the foot-
prints of active animals living in a specific area is useful for
biosecurity research as well as environment monitoring. In
the absence of human experts, a feasible computer classi-
fier could be constructed to identify species of insects from
their footprints. The essential step to develop this classifier
is to obtain representative attributes on which we can per-
form analysis using image processing technology, geome-
try, etc. This paper presents procedures for an approach to
build up such a classifier by discussing three different at-
tribute heuristics.
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1. INTRODUCTION

New Zealand was one of the last places on earth to be settled
by humans around 1000 years ago. Since then the country
has lost two-thirds of its indigenous forest, one third of en-
demic land birds, including all 11 species of the giant flight-
less moa, and eighteen percent of sea birds. More than 1000
species are still threatened by habitat loss, animal pests and
invasive weeds [10]. Weta and cave weta are native insects
of New Zealand, but also occur in other regions of the world
such as South Africa, Australia and South America. How-
ever, New Zealand has some of the largest, with length up to
90mm and weight up to 70 grams [11]. Before Europeans
arrived in New Zealand, the weta had few native predators
(e.g., tuatara). Humans brought with them rats, cats, dogs
and stoats, which could prey on weta. Weta are also at risk
from being trampled by stock or killed by fire when forest
is burned to make farmland [8]. As a result, one species of
giant weta is found only on Little Barrier Island while pre-
viously it used to inhabit much of the upper North Island
[5]. Other species, such as Mercury Island tusked weta, are
threatened with extinction.

To obtain information on what native and introduced
species are living in a specific area, tracking tunnels are
widely used as a non-destructive sampling method [2]. The

Fig. 1. From top to bottom: fore-leg, mid-leg and hind-leg
of a tree weta [2].

species identification is performed by entomologists after
they examine the footprints left on the tracking cards. If the
human experts are not available, the identification cannot
be made. Therefore, we present in this paper an approach to
identify insect species by computer program. We perform
morphological operations on footprint scans to obtain ideal
skeletons for further analysis. After researching insect lo-
comotion, we learned about the typical attributes of insect
footprints, with which we can build up a classifier to simu-
late human expert identification procedure. Three heuristics
are presented as part of the attributes. The whole procedure
is then outlined.

2. BACKGROUND

2.1. Insect Locomotion

Most insects move over the surface of the ground by walk-
ing or running. In order to maintain the bodily stability at



Fig. 2. Tree weta’s footprints on a tracking card.

all phases of a locomotion cycle, three feet of the moving
insect must always be on the ground simultaneously. These
three feet form (on the ground) asupporting triangleat time
t, and the gravity center of the insect body must lie within
(to be precise: straight above) that triangle [6]; the print of
these three feet on a tracking card defines afootprint triple.

Figures 1 and 2 illustrate the locomotion features of tree
weta; Figure 1 shows the three different feet, and Figure 2
is an example of a scanned tracking card. [The arrow at the
bottom was drawn for indicating the walking direction.]

2.2. Footprint Pattern

In order to extract identification attributes, we need to an-
alyze insect tracks to identify which footprints belong to
the same footprint triple. The weta has a strong and longer
hind leg, therefore its footprint is often darker and longer
than those of the front and middle legs, which is a helpful
feature for us to distinguish between successive footprint
triples. Figure 3 shows a correct grouping on the left and a
wrong grouping on the right. On the right, the footprint at
the bottom of the bigger circle is actually the footprint of the

Fig. 3. The circle in the left part shows a correct grouping of
a footprint triple, while the one in the right is wrong. Foot-
printsA andB are too close to each other, which indicates
a wrong grouping (cave weta).

hind-leg for the next footprint triple. (Again, the arrow was
drawn on the tracking card to indicate walking direction.)

One way to avoid this mistake is to calculate the Haus-
dorff distance between pairs of individual footprints. The
Hausdorff distance between setsA andB is defined by

min{h(A,B), h(B,A)}

whereh(A,B) is the maximum distance of setA to the
nearest point in the setB,

h (A,B) = max
a∈A

{
min
b∈B

{d (a, b)}
}

(1)

Here,A andB are regions of pixels which are segmented
as being a pair of individual footprints, andd is some met-
ric function (in our case, we select the Euclidean distance).
If the Hausdorff distance is outside of a range, it indicates
that a grouping into one footprint triple is incorrect. For ex-
ample, footprintA and footprintB within the smaller circle
shown in the right panel of Figure 3 are apparently too close
to be in the same footprint triple.

3. CLASSIFIER ATTRIBUTES

3.1. Stride Length and Stride Width

The stride lengthis the distance between two successive
footprints from the same foot [1]. Thestride width, orstrad-
dle, is the distance from the outer edge of the left track to
the outer edge of the right track [4]. (To obtain a less-biased
distance, we could also take the mean value of each. Fig-
ure 4 illustrates the two definitions.

Fig. 4. Stride length and stride width (Cave Weta).



Fig. 5. Footprints of native black cockroach (top left),
ground beetle (top right), and ground weta (bottom). These
three track have nearly identical stride ratios.

The stride ratio of stride length and stride width is an
important feature for identifying species. If the difference
between two stride ratios is small (as in case of the three
different tracks shown in Figure 5) then we need to examine
the pattern of the footprints in order to distinguish them.

3.2. Three Attribute Heuristics

To obtain more attributes, we first skeletonize the footprint
using algorithms as described in [9], and then make a foot-
print vector by connecting two end points of arcs of the
skeleton. Each footprint vector is identified by three pa-
rameters: angle, length and position. The latter one is the
center of the footprint. As illustrated in Figure 6, vectorf1

is for the hind-leg; vectorf2 is for the mid-leg, andf3 is for
the front-leg;d1 is the distance between the position off1

and position off2, andd2 is for that off2 andf3.

Heuristic One: Both |d1 − d2| and|d1 + d2| have a unique
range for a specific species.

For a better visual effect, we transformf1, f2 andf3 so
that they share the same origin, as illustrated in Figure 7,
wherea1, a2 anda3 are the angles of the vectors. In general
we assume that0◦ < a1 < 90◦, a1 < a2 < 90◦, and
90◦ < a3 < 180◦.

Heuristic Two: ||a1 − a2| − |a3a2|| > a, where a is a
unique threshold for a specific species.

Note that a change of the angle of the mid-leg vector does
not affect this value

||a1 − a2| − |a3 − a2|| = |a1 − a3| (2)

Fig. 6. Footprint vectors of one footprint triple, and the two
vector distancesd1 andd2.

Fig. 7. The angles of footprint vectors.

As illustrated in Figure 8, after extending the three vec-
tors, the resulting three intersection points form a triangle
for the considered footprint triple. We call this thetriangle
of balance. (If it degenerates into a point, then we con-
sider that as a perfect balance.) The shape of the triangle
of balance is different when the angle of each footprint vec-
tor changes. A similar footprint triple will form a similar
triangle of balance.

Heuristic Three: The size and shape of the triangle of
balance are unique (up to minor deviations) for a species
and can be used as an attribute.

Fig. 8. Triangle of balance formed by the extending lines of
f1, f2, andf3.

4. OUR APPROACH

The following approach is our first attempt to classify foot-
prints of insects. (It is certainly worth to study further re-



finements or alterations.) We attempt to simulate the way
an entomologist would identify the insect species from its
footprints. The procedure of our classifier is as follows:

• (Preprocessing Step) For a scanned tracking card (of
a weta species) first segment the picture into individ-
ual footprints, then cluster these into footprint triples
using the Hausdorff measure described above, and fi-
nally keep note of the walking direction given on the
tracking card by analyzing the order of legs (front /
mid / hind, or hind / mid / front).

• Calculate properties for the subsequent classification:

1. identify the central line of the tracks and use this
to classify the right and left legs;

2. for both sides of the central line

(a) calculate a footprint vector for each footprint
(after skeletonization);

(b) calculate a triangle of balance for all avail-
able footprint triples (with apexes at the in-
tersection points of the extended vectors);

(c) calculate the size of footprints of the legs
in each footprint triple, both of the original
footprints and the skeletonized footprints;

(d) calculate the area of the triangles of balance;

(e) calculate the stride lengths available at the
chosen side of track;

3. calculate the mean stride width (e.g., mean of in-
dividual stride width measurements);

4. calculate the mean stride length and the stride ra-
tio of these two mean values.

• Classify the track based on these properties using iden-
tified thresholds for species, and following our heuris-
tics one, two and three.

The automatization of the preprocessing step is still under
way. See, for example, binarization studies in [12].

5. CONCLUSION

We have presented a basic outline for analyzing insect foot-
prints based on geometric properties. (For an alternative
method for analyzing tracks of rodents based on matching,
also including geometric properties, see [7].)

There is a need to improve automatic measurements of
footprints using image processing techniques (i.e., of stride
length and stride width, and also of the triangle of balance).
We also need to know the correct way to group footprint
patterns for further analysis. We described in our basic ap-
proach a general method to obtain the walking direction of
insects. We have also listed steps (procedures) of a generic

Fig. 9. Stride ratios of mean stride width to mean stride
length for several insect species (remade from [2]).

approach to build up a computer classifier for insect species
identification, also using footprint attributes such as foot-
print size in pixels. (Just the stride ratio is known to be
insufficient for classification, see Figure 9.)

By representing the footprints with vectors, we proposed
the heuristics that the absolute value of the difference and
sum of the two vector distances within one footprint pattern
has a unique range for a specific species, angles between
each pair of vectors in the same footprint pattern, and the
shape and area of the triangle of balance formed by the three
intersection points of these extended vectors, can be used as
classifier attributes.

The identification approach for weta and other insects
presented here can also be modified for the identification
of small mammals that leave their footprints on the track-
ing cards, thus possibly becoming a general method which
is helpful for environmental monitoring and biosecurity re-
search.
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