
� ��� ��� �
	
��������� �����
� �������� !
" #$��%
� �������& '
()����*+#$����
� ,-./0123456

�7 �

7 �
� �

� � 8 9
� 7 �

� 7
7 � 7

8 � �
�9 � � �

: :

;"<= >?@ABC DC EFGH I ;J

"KLG EF MNOPQBR STUOG V
">W XYH I ;FZ[R\]��^P_`abc
>defBYgR `B^�hYi G H I ;Tj

klmnFopY HH TqrstuagpCvw xyzb TCeF g{Fkl> HH a|H[R
}I ;Ttu ~T� agpC~TI ;Ttu S {ag_ �^�XC H I ;"<= ^ EF
XYH���rT��agpCH��I ;Ttubc ?@XC ST���X>PQB EF� �H I
H I ;>�QB���R�� H I ;T ���
STjxyzb >� O�R STCe EF >�PABC `_gpC= F�pYH I ;T
H TI ;FZ[R� �a� ^P_(OG D�qrs agpC��

>��ABC i G EF�� � �  ~TH��}bJ¡� >¢ O�£ STCeFV~¤

�¥ ¦§¨ U©ª«

¬®¯¤°±²³�³´µ¶F·pC¸T(T
Hn T¹ºT»n¼½aST

�
�

�
�

� � � �

		 



� �
 � �

� � �
� � �� � �

� � � � � � �
� �

� � � � �
�� � �� � � �

� � � � � ��
� � �

� �

� � ��

� � � � �

�

� � �
� � �

�
� � �

� � � � �

�

�

�

� �

Abstract
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. . . . * University of Tsukuba, Graduate School of Systems & Informa-

* tion Engineering, Tennodai, Tsukuba, Ibaraki ,

Japan

* * National Institute for Environmental Studies, Onogawa,

Tsukuba, Ibaraki , Japan

* * Sophia University, Graduate School of Global Environmental

Studies, Kioityo, Chiyoda ku, Tokyo , Japan

While the human population continues to grow and the economy is developing, biodiversity is decreasing in the

wake of land development, for instance. However, biodiversity is the essential for humans to obtain ecosystem

services. Therefore it is required to preserve biodiversity and its sustainable development. Wildlife monitoring is

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 ( ) 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 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

sensing images is possible using the DTR algorithm.

Convention on Biological Di-

versity

Automatic Detection of the Tracks of Wild Animals in the Snow

in Airborne Remote Sensing Images and Its Use

Yu O * , Tsuneo M * and Osami N *

* * *

Cervus Nippon yesoensis

Keywords : Wild animals, tracks, DTR, INTGEP, sika deer (Cervus nippon yesoensis)
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Computer aided detection of the tracks of wild animals

algorithm

DTR

Fig. The study area in Sarufutsu, Hokkaido (A gray

rectangle is the area of aerial photographs).
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Mask images using three methods. A upward direc-

* DTR

Table Table

among footprints detected by visually examining. ‘*’ are used in DTR and ‘ ’ are decided

automatically.

Fig.

tion is north and these images are x pixels.

a) : Original image, b) : NDVI, c) : R-NIR,

d) : Laplacian histogram,

e) : Laplacian histogram R-NIR. NDVI
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Fig. (a) Footprints of a rabbit. Its moving directionDN

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

, ).

(d) Footprints of a fox (in Onishibetsu, MarchDTR C OpenMP
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Table Lengths and widths of one set of footprints of

sika deer and fox from a field investigation in

.

Fig. Tracks from a field investigation in .
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Table Lengths of track lines detected from aerial

images. The lengths of lines were short for

Photo No. - , because snow surfaces in

those scenes were strongly disturbed.

( )

:

:

:

:

:

Fig.

No. No.

No. No.

Fig. (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.No. No.

.

Table Photo No. m Table. Photo

No. No.

No. Photo No.

m

m

INTGEP

Fig. a

INTGEP Intersection Points Counting Method Based c DTR

on Geometrical Probability
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Table Population density of sika deer in previous studies.
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DTR algorithm (Image size : x pixels).

Plate A bird’s-eye view image of the study area from Plate The result of detected tracks using Median

Sea of Okhotsk (A black rectangle is the area of Moving-average. A upward direction is north

aerial photographs). and this image is x pixels.

Plate The results of detected tracks using three Plate Track lines drawn manually with the help of

methods. A upward direction is north and

these images are x pixels.

a) : Moving-average, b) : Median,

c) : Median moving-average.
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