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A new method for determining the age of blue sheep using horn geometric

characteristics and computer vision techniques
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Abstract: Studies on the population ecology behaviour and social structure of ungulates often require accurate measure—
ments of the age of individuals. However to date there is no simple noncontact method of determining the ages of individu—
als. The horns of ungulates are structurally complex and grow and change shape as animals age. If 3D models of the
horns of individuals of known ages are built the ages of other individuals can be estimated from photographs of their horns
by comparison with the reference models. This paper describes a new age-determining method for blue sheep ( Pseudois
nayaur) using horn geometric characteristics and computer vision techniques. The procedure consists of three stages: (1)

creating 3D reference images based on the horns of individuals of known age (22 individuals two horns per individual; age
range 1.5 to 15.5 years) ; (2) creating new 3D images of the horns of target individuals which are then rotated on a
computer using an in-house R script to obtain images at stepwise intervals of 1°; and finally (3) by calculating the simi-
larity between the new and the reference horn images. A final image with the highest similarity to the reference images is
generated and used to determine the actual age of the target individual. Of the 30 photographs used to evaluate our new
method the age of the target individual in every picture was correctly determined. Our new method has potential use for
studies of all wild/feral sheep and probably also other ungulate species.

Key words: Wild blue sheep ( Pseudois nayaur) ; Age determining; 3D model; R programing; computer vision

(2017YFC0506405) ; (2017 - ZJ - Y13) ;
(2019 - SF - 150)
(1989 -)
: 2018 -04 - 16; : 2019 -02 04

* Corresponding author E —mail: xndyr@ 163. com



3 235
80 cm;
( 20 cm)
o N 3D 3D
3D
o ( 1999) o
( Myospalax baileyt) Autodesk Remake
; 3D
(1993) N
( Lastopodomys brandtii) o
; (1993) N
( Spermophilus dauricus) ( Bez—
; (1986) zi et al. 2018) .
armota himalayana
M himalay 3D
o ( 1987) ( Lavy et al. 2015) .
( Ailuropoda
melanoleuca) 3D 3D ( com—
( Pesudois nayaur) ( puter vision) ( 2016)
1990; 2000;
2007) . o
1
; 1.1
o 1.1.1 3D
( Harirs and Metzgar 1999; .
2000) . N N o
N Bovidae 3D
(
o 3D



236

39
3D
3D
o I.
[.1.23D D BT
Blue sheep’ s horns Take pictures in the wild
()
3D i
3D Build 3D models

. o o g

. X ( ) -90 90 l Image matting

z ) 0° 360° Y Rotste 30 model

) =70° 70°, 1
1.1.3 HihE g BHR—fafk
3D Export images Images binaryzation
1 0 ER_{Hfk
. Images binaryzation
RBRAR IR
Extract coordinates of boundary points
RBAR IR
[Extract coordinates of boundary points
1.1.4 o Zh o Zh
o Build polygons Build polygons
Hausdorff ( 2013)
((AD)
RIS B i
VCRCEH &
Compute similarity, find out the 3D model
o exporting the image most similar to the
horn picture
Hausdorff ( Huttenlocher et al.  1993) i

o

A={al a2 a3 - ap} B={bl b2 b3 -+ bq}

Hausdorff
H(A B) =max{h(A B) h(B A)}
h(A B) A B Hausdorff
h(B A) B A Hausdorff
WA B) = maxminia-b]
B A = mayminlb el
[l
12 o
h (A B) A
B o h (B
A) B A o
Hausdorff =0

1
Fig. 1 Diagram shows the principle of the new method for determining

age of wild blue sheep
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Fig. 4 Binary images of blue sheep horns
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Table 1 Resource information and identification results of blue sheep hormn’ s age

Information of horns

Identification result

. . Serial number of .
Name of horn picture . True age in year
horn specimen

- . (' min)
Original specimen . . Ll
. Age in year Time spent in minutes
of horn picture

X01 -01
X01 -02
X01 -03

0005906 4.5

X02 -01
X02 -02
X02 -03

0005910 8.0

X03 -01
X03 -02
X03 -03

0005914 8.5

X04 -01
X04 -02
X04 -03

0005918 4.0

7.157
. 700
3.991

0005906 4.5

=

136
582
023

0005910 8.0

AN

270
412
123

0005914 8.5

Eali

~

397
. 858
4.177

0005918 4.0

=
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1 Continued from table 1

Information of horns

Identification result

Name of horn picture

Serial number of

horn specimen

True age in year

Original specimen
of horn picture

Age in year

(' min)

Time spent in minutes

X05 -01 7.369
X05 -02 0005921 5.0 0005921 5.0 7. 682
X05 -03 3.920
X06 -01 7. 289
X06 -02 0005935 8.0 0005935 8.0 7.578
X06 -03 4.022
X07 -01 7. 185
X07 -02 0005940 10. 0 0005940 10. 0 7.563
X07 -03 4.042
X08 -01 7.059
X08 -02 0005941 6.0 0005941 6.0 7.487
X08 -03 4. 045
X09 -01 7.037
X09 -02 0005943 7.0 0005943 7.0 7. 841
X09 -03 3.989
X10 -01 6.775
X10 -02 0005948 5.5 0005948 5.5 7. 698
X10 -03 3.745
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