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Automatic Detection of the Tracks of Wild Animals in the Snow

in Airborne Remote Sensing Images and Its Use

Yu Orsur*!, Tsuneo MATsuNaGA*? and Osami NAKASUGI*®

Abstract

While the human population continues to grow and the economy is developing, biodiversity is decreasing in the
wake of land development, for instance.
services. Therefore it is required to preserve biodiversity and its sustainable development. Wildlife monitoring is

However, biodiversity is the essential for humans to obtain ecosystem

necessary for its preservation. Recently we can obtain the accurate position of wildlife by GPS (Global Positioning
System) telemetry. However the use of telemetry is allowed for a limited number of wildlife. Therefore it is expected
to increase the ecological knowledge through our constructing the system which obtains ecological information from
remote sensing images.

We developed DTR algorithm which is for computer aided detection of animal tracks in the snow using high
spatial resolution remote sensing images. DTR algorithm reduces hard labor to find out directly the tracks by
visually examination of remote sensing images and avoids overlooking the tracks. This time we apply DTR algorithm
to the aerial images taken in Sarufutsu in Hokkaido. And we distinguished species which left the detected tracks by
visual examination and discriminant analysis based on field investigation. As a result, animals which left detected
tracks were interpreted as sika deer (Cervus Nippon yesoensis) according to length and width of one set of the
footprints. Also we estimated population density of target animals by applying INTGEP (Intersection Points
Counting Method Based on Geometrical Probability) method to lengths of sika deer’s tracks. Comparisons of
footprints from the DTR algorithm and from visually examination proved that 76% of the footprints in the snow
could be detected using the DTR algorithm. It is shown that automatic detection of the tracks in the snow in remote
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sensing images is possible using the DTR algorithm.
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Fig. 1 The study area in Sarufutsu, Hokkaido (A gray
rectangle is the area of aerial photographs).
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Fig. 2 A photograph of the area of field investigation
(from March 19 to 21, 2008).
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Fig. 3 Flowchart of DTR algorithm.
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Table 1 Number of detected footprints and dummy-masses
among footprints detected by visually examining.

Number of Number of

detected footprints | dummy-masses
Moving-average 235 8127
Median 235 2139
Median + moving-average 230 696

@ ©

Fig. 6 Mask images using three methods. A upward direc-
tion is north and these images are 600 x 600 pixels.
a) : Original image, b) : NDVI, c) : R-NIR,
d) : Laplacian histogram,
e) : Laplacian histogram + R-NIR.
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Table 2 Values of parameter thresholds. Parameters with
“ are used in DTR and ‘@’ are decided

automatically.

Processing Parameter Value
1*| Moving-average mesh-size @5
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7¥ subtraction2 3
8 [Top x % mesh-size @ 5
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13 [NDVI threshold 1,2,
14| Kittler
154 Laplacian histogram mesh-size @ 5
167 P-tile 10
17 [ Moving-standard-deviation | mesh-size @ 5
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¥R - NIR threshold 5
¥ Expansion of masses lowest_limit 1
219 Contraction of masses lowest_limit 1
224 Evaluation of areas min ~ max @[2~15
231 Continuity searching length @| 15
241 not searchinglength @] 3
954 permissible range @| 3
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Fig. 7 (a) Footprints of a rabbit. Its moving direction
was right to left. Two forward footprints were
left by hind-legs and two backward footprints
were left by fore-legs.

(b) Footprints of a brown bear”.

(c¢) Footprints of a sika deer (in Koishi, March
20, 2008).

(d) Footprints of a fox (in Onishibetsu, March
20, 2008).
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Fig. 8 Tracks from a field investigation in 2008.
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Table 3 Lengths and widths of one set of footprints of
sika deer and fox from a field investigation in

2008.

Track No. | Species Lengt(g‘ (f)é.ootr;iiiig [em] Widtl:)g %o%!’égrsi?ts [cm]
1 Fox 38.5 1.9
2 Deer 35.3 3.3
3 Deer 44.5 2.5
4 Deer 42.5 3.0
5 Deer 24.5 3.3
6 Fox 40.5 1.5
7 Deer 86.3 3.8
8 Deer 90.3 5.0
9 Fox 43.8 2.3
10 Fox 35.8 0.0
11 Deer 32.5 1.8
12 Deer 51.3 9.5
13 Deer 24.8 3.5
14 Fox 32.5 3.5
15 Deer 25.0 4.0
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Table 4 Lengths of track lines detected from aerial
images. The lengths of lines were short for
Photo No. 11-17, because snow surfaces in
those scenes were strongly disturbed.

Photo No.|Lengths of track lines[m] | Photo No. | Lengths of track lines[m]

1 2588 10 2387
2 2290 1 808
3 2206 12 475
4 2386 13 843
5 1564 14 293
6 2602 15 180
7 3314 16 1033
8 4430 17 978
9 1597

hollow of snow field

(a) (b) (©)

Fig. 9 (a) Brightness of footprints on the snow surface

and sun-camera geometry.

(b) A picture of human footprints on snow taken
from against the sun direction.

(c) A picture of human footprints on snow taken
from the sun direction.
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Table 5 Population density of sika deer in previous studies.

Study area Head/square km
Tomakomai Experimental Forest!®) 3.8
Tomakomai National Forest'® 3.4
Ttoi National Forest'® 1.9
Aka n16) 2
Shiranuka'® 10
Onbetsu'® 10
Hokkaido*! 8.2~11

*1 The estimated number of sika deer in Hokkaido is from 300 thousand to 400 thousand.
The area of Hokkaido is 78,420 square km.
The ratio of habitat patch of sika deer is 46.8% in Hokkaido.
From the above, we estimated the population density in Hokkaido as 8.2-11.
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Plate 1 A bird’s-eye view image of the study area from
Sea of Okhotsk (A black rectangle is the area of
aerial photographs).

Plate 3 The result of detected tracks using Median +
Moving-average. A upward direction is north
and this image is 2000 x 2000 pixels.

Plate 2 The results of detected tracks using three
methods. A upward direction is north and
these images are 400 x 400 pixels.

a) : Moving-average, b) : Median,
¢) : Median + moving-average.

Plate 4 Track lines drawn manually with the help of
DTR algorithm (Image size : 2000 x 2000 pixels).
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