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Three-Dimensional Shape Measurement System
for Black Cattle Using KINECT Sensor

K.Kawasue, T.lkeda, T.Tokunaga, and H.Harada

Abstract— In the present paper, a measurement system for cattle
using a computer vision technique is introduced. It is important to
evaluate the quality of Japanese black cattle periodically during the
growth process. Not only the weight and size of cattle, but also the
posture and shape, are checked as the primary evaluation criteria. In
the present study, the digital point cloud data of cattle are obtained by
three-dimensional computer vision devices from different angles
simultaneously. These devices are calibrated in advance to have a
common coordinate system. The point cloud data obtained from
different angles is reconstructed on a common coordinate system, and
digital cattle are generated in the computer considering the orientation
of the cow. The important specifications for evaluating the cow
posture are estimated from the reconstructed cattle on the computer.

Keywords— Computer vision, Point Cloud, Cattle, Measurement,
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I. INTRODUCTION

VALUATING the quality of Japanese black -cattle

periodically during the growth process is important. Not

only the weight and size of cattle, but also the posture and
shape, are checked as the primary evaluation criteria. Since the
cattle are large, an equivalently large weighing machine or
scale is required. Since few breeders have weighing machines,
evaluation is generally carried out by eye without using a
reliable measurement device. Since estimations (evaluation)
may differ between breeders, the development of a portable
quantitative measurement system for cattle is desired.

Recently, computer vision systems using CCD cameras
have been used practically in engineering. A number of
applications have also been reported in animal science, but
most of these applications are limited to two-dimensional
analyses, such as color analysis or the extraction of the animal
from images. [1-4] Although three-dimensional quantitative
measurement of animals is desirable in animal science,
movement of the animal prevents three-dimensional data
acquisition.

The conventional method, referred to as shape from
structured light [5-8], is commonly used in three-dimensional
measurement. In this method, the measured object is
reconstructed by multiple images that include a structured light
(slit ray) at different positions. The quantitative measurement is
established by considering the geometric configuration
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between a CCD camera and a structured light. In this method,
the measured object must be stationary while the structured
light (slit ray) is scanned over the surface of the object.
Therefore, moving objects, such as animals, cannot be
measured using this method.

In recent years, devices such as the Microsoft KINECT
[9-12], which detects comprehensive three-dimensional point
cloud data (a set of vertices in a three-dimensional coordinate
system), have become inexpensive. The device detects
thousands of point cloud data in color at a frame rate of
approximately 30 fps.

In the present paper, a measurement system for cattle using
KINECT sensors is introduced. Two or three KINECT sensors
detect the point cloud data for cattle simultaneously from
different angles. These KINECT sensors are calibrated in
advance to have a common coordinate system. The point cloud
data obtained from different angles is transformed to a common
global coordinate system on the computer. The important
specification for evaluating the shape and posture of the cow is
estimated using the cow reconstructed on the computer.

II. MEASUREMENT SYSTEM

The measurement system is shown in Figure 1 and the
photograph is shown in Figure 2. The measurement system can
be closed to be compact as is shown in Figure 3.

KINECT sensors are used in our measurement system. The
KINECT sensor consists of an infrared laser projector, an
infrared camera and an RGB camera. The depth information is
obtained by triangulation process. To obtain the depth
information, a constant pattern of speckles created by the laser
source is projected onto the scene and recorded by the infrared
camera. Then, this pattern is correlated against a reference
pattern. The reference pattern is obtained by capturing a plane
at a known distance from the sensor. As a speckle is projected
on an object, the position of the speckle in the infrared image is
shifted in the direction of the baseline between the laser
projector and the perspective center of the infrared camera. All
shifts of speckles are measured by the image correlation
procedure, which yields a disparity image. Each pixel at a
distance to the sensor can be corrected from the corresponding
disparity. Fig. 4 illustrates the depth measurement from the
infrared image and the depth image

Here, the images recorded by the infrared camera are depth
images that show the depth information of the measurement
point with a brightness level. The size of the depth image is
640x480 pixels, and the harmony per one pixel is 16 bits. The
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3D coordinates of the object points are calculated by
triangulation process. The 3D coordinates of the object points
are expressed as a depth coordinate system with its origin at the
perspective center of the infrared camera on the Kinect sensor.
As shown in Fig. 5, the Z axis is orthogonal to the image plane
towards the object, and the X axis is perpendicular to the Z axis
in the direction of the baseline between the infrared camera
center and the laser projector, the Y axis is orthogonal to X and
Z, making a right-handed coordinate system. Fig. 6 shows the
3D shape of a plaster bust measured by the Kinect sensor.

KINECT sensors (KINECT-0 and KINECT-2) are placed on
the right and left sides of the cow, and a third KINECT sensor
(KINECT-1) is placed above the cow. KINECT-1 is installed at
a height of 3 m from the ground, and the other two KINECT
sensors are placed 2 m from the cow. KINECT-0 and
KINECT-1 are attached to a rigid frame, and KINECT-2 is
placed on a separated stand. A tilt sensor is also attached to the
rigid frame. These sensors (including the tilt sensor) are
controlled by a computer and detect the data simultaneously.
Since each KINECT sensor and the tilt sensor originally have
individual coordinate systems, these coordinate systems must
be transformed to a common coordinate system (global
coordinate system). The origin of the global coordinate system
is located on the ground. Since the ground condition in the
breeding farm is generally not flat, the measurement frame may
not be parallel to the horizon. So, the tilt sensor is attached to
the rigid measurement frame to detect the tilt of the frame.

KINECT—1

Tilt sensor
KINECT—2
KINECT—0

Fig. 1 Measurement system for cattle.

g <0¥ECTo & Tt sevor

Fig. 2 Measurement scene
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Fig. 3 Folded system as compact

-

(a) Infrared image (b) Depth image

Fig. 4 Depth measurement from the infrared image and the
depth image

Laser
projector

Color camera
IR camera

Fig. 5 Origin of the world coordinates on the Kinect
sensor

Fig. 6 3D shape of an object.
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I1l. MEASUREMENT FLOW

Figure 7 shows the flow of the measurement. Three KINECT
sensors are synchronized, and the instantaneous point cloud
data is obtained in order to avoid the influence of movement of
the animal. Since these KINECT sensors have been calibrated
in advance to the global coordinate system, the point cloud data
obtained from each KINECT sensor are transformed into global
coordinates, and the cow is reconstructed in the computer.
Since the measurement frame is usually tilted with respect to
the horizon, the reconstructed cattle must be tilt-corrected
considering the tilt of the measurement frame. The
measurement data for cattle evaluation can be extracted easily
after the reconstructed cattle body is aligned along the global
coordinate system.

Start

Detection of point cloud data with tilt
(KINECT 0-2 and tilt sensor)

|

Conversion of the point cloud data coordinate
to the common world coordinate
(Digital reconstruction of the cattle)

Adjustment of the cattle tilt using the computer
considering the signal from the tilt sensor.

Extraction of the data for the cattle evaluation.

Fig. 7 Measurement flow.

IV. SYSTEM CALIBRATION

Figure 8 shows the calibration setup for the KINECT sensors.

Four poles with spheres are placed on the ground before the
measurement of cattle. The spheres are used to define the
standard positions between the KINECT sensors. The KINECT
sensors detect the three-dimensional position of the spheres,
and the detected results are used to register the KINECT
sensors. Each KINECT sensor has a unique coordinate system,
which is transformed to the global coordinate system (x,, v, zo)-
In the proposed system, the coordinate system of KINECT-0 is
defined as the global coordinate system (base coordinate
system). The conversion can be performed using the following
formula [13-20]:
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where k is the KINECT # (1 or 2), (x;, v, z;) are the coordinates
of each KINECT sensor, and 4;; is a conversion matrix. The
matrices include the rotation and transfer parameters. The
matrices can be determined by inputting the corresponding over
six positions of the sphere.

KINECT—1

Spheres used for the ealibration
2 T o @
Tilt sensor
KINECT=0

KINECT -2

Fig. 8 Calibration setup.
(1) is transformed as the following formula.

(h41xo +hy,yo +hyzg +l)xk =hyXo +hy Yo +hpzo + Iy, (©)

(h41x0 +hyp Yo +hyz, +1)yk = hyyXo + hyy Yo + yaZg + iy
(h41x0 +hyp Yo +hyszg +1)Zk = hayXo + Vo + hyzo + iy,

Furthermore,
X = hyXo + by Yo + higZg + g — hyxoXx, — Ry Yoy — hygzex,

Vi = hnXo + hyy Yo + gz + oy — hyyXo Y, — hayy Yoy — haszoyy
2y = My Xo + hap Yo + hayZg + hay — hyyXoz, + hypyoz, + hygzoz,

®)

Thus we can write the equations that correspond to the
different calibration pairs in matrix form. In order to accurate
the 4;; values, fifteen equations are needed. Therefore, at least
six points will be necessary for the calibration. Eighteen
equations with fifteen unknown parameter will be obtained.

B=AH (4)

where

224
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In order to obtain the value of the matrix H, the pseudo-inverse
matrix is adapted.
The formula (3) with the error vector e is as following.

B=AH +e (5)

The expression of the error is the norm of the vector e. To
minimize this error

ee=(B-—AHY(B—AH)=B'B—2H'A'B+H'HA'A (6)

It is sufficient to differentiate with respect to A and to equal
what results to zero,

AAH-A'B=0 ©)
in which

H=(4'A)"4B (8)
The pseudo-inverse A" can be written as following,

A =(4'xA) xd ©)

Therefore matrix H can be determined by use of the
pseudo-inverse matrix as following.

H=A xB (10)

(2) is also converted as following
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XX TX¥aVou T XuZa
“Vuron TVuVu T VuZa
“ZnXo  TZpVo T ZuZo
~XreXos  ~XreVos T XieZos
“VieXos T VieVos T VieZos
“ZreXos T ZkeYos T ZkeZo6 |

(hll = hyyx, )xo + (hlz —hyyx, )J’o + (hls = hyzx, )Zo =x; =y,

(h21 —hyy, )xo + (hzz —hyy, )J’O + (hzs —hyy, )Zo =Yy —hy

(h31 —hyz, )xo + (h32 —hyyz, )J’o + (has —hyz, )Zo =X, —hy
(11)

It is written as matrix formula.

hy—hyx,  hy—hpx, by —hygx, | X Xy — 1
Moy —hy Vi hyy =y hyy =l | Vo |=| Vi —hy (12)
hy —hyzy  hy —hpz, ey —hyzy | 2z, X, —hy

The coordinate system of KINECT-k (k=1 or 2) can be
converted to the global coordinate system by the following
equation.

X0 hu - h41xk h12 - h42xk h13 - h43xk B X — h14
Yo |=|ha—huyi hp—hpye hyg—hgy, Vi —hy
Zy hy —hyz,  hy —hypz, hyy—hyz, X, —hy,
(13)

V.ADJUSTMENT OF CATTLE DATA ON COMMON COORDINATE
SYSTEMS

In order to estimate the specifications (chest, height, etc.) of
the cow body from the detected point cloud data, the direction
of the body should be justified the global coordinate system.
The tilt of the measurement system with respect to the ground
should be considered because the ground is generally not flat.
The tilt of the cow with respect to the direction of gravitational
acceleration is detected using the tilt sensor and the yaw around
the direction of gravitational acceleration is detected using the
image processing technique. The global coordinate system is
shown in Figure 9.
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Fig. 9 Point cloud data in the global coordinate

(common coordinate) system.

5.1 Detection of roll and pitch

Roll (around the X axis) and pitch (around the Z axis) exist
when the measurement system is tilted in relation to the ground.
This tilt can be easily detected because the measurement system
has a tilt sensor (ATR-Promotions: WAA-010). The sensor
measures the tilt by detecting the direction of gravitational
acceleration. The point cloud data is rotated in the global
coordinate system according to the amount of roll and pitch.

Z

5.2 Detection of yaw

An example of shape data of cattle is shown in Figure 10. Here,
H is the top position of the cow from the ground, and the
horizontal area (A-A’) is set in the body. The height of the
horizontal area (A-A’) is set at 2/3H so that the area is
contained in the body. The extracted cross-section at the
horizontal area (A-A’) is shown in Figure 11. The body is tilted
by 6, around the y axis in this Figure 11. In order to detect the
angle of the tilt, the cross section is approximated as an ellipse
using the least squares method. The approximated ellipse is
shown by the green curve in Figure.11. The tilt of the
cross-section of the cow can be detected as the tilt of the ellipse.
The approximated ellipses are estimated around A-A’ every 10
cm and the average rotation around the y axis is determined as
the amount of rotation of the cow around the y axis. The body
of the cow is rotated by this amount, and the cow is aligned
according to the global coordinates in the computer.

Fig. 10 Horizontal area set contained in the body.
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Cross section A-A’

Fig. 11 Horizontal cross section in the body.

5.3 Adjustment of cattle data along the global coordinate
systems

The roll (around x), yaw (around y), and pitch (around z) are
expressed, respectively, as follows:

(1 0 0 1
r.=|0 —cosd —sind, (14)
|0 sing, cosé, |
[ cos@, 0 sind, ]
r=l 0 1 0 (15)
|—sind, 0 cosd, |
cosd, —sing. 0
r.=|sing. cosd, O (16)
0 0 1

The original coordinate system (x,y,z) of the cow data is aligned
along the global coordinate system (x'y’z") according to the
following equation:

X

! e . .
—[rx ror |y

z

17)

N =

VI. RESULTS OF MEASUREMENT

6.1 Evaluation of system performance

In order to evaluate the system performance, rectangular
parallelepiped with known cattle size was used for the
measurement object. The distance from KINECT to the object
was changed from 1.0 m to 2.5 m every 0.5 m. Figure 12 shows
the result of the experiment. The error was less than 0.003 m
and the performance of the system is enough for the
measurement of the cow
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The green circle in the Fig.18 is the approximated circle. The

' o ' difference between the estimation and the manual measurement
was in less than 5%. The difference of the hip height between
the computer vision and manual measurement was less than 7%.
E 0.02- 7 One of the results of the difference is caused by the body hair of
S cattle.
E o
> v 1
1 15 2 25
Distance to object from KINECT [m]
Fig. 12 Accuracy test of the proposed system =1 \

6.2 Measurement results of cattle Breeder uses the large scale to
The photograph of measured cattle is shown in Figure 13. The .
age is 18 months, weight 533kg, height 131.2 cm, body length ! =
153.2cm, chest girth and width are 196.0cm and 50.0cm Fig. 14 Manual measurement scene
respectively in manual measurement. Figure 14 shows the
manual measurement scene. The point cloud data detected by
each KINECT is shown in Fig.15. The each point cloud data is
connected using the method mentioned before. Constructed
point cloud data of cattle is shown in Figure 16. The number of
the data is about 250,000 and the data is consisted of (x,y,z)
coordinates and RGB color data of the cow surface. Figure 17
shows the measured portions in cattle body. The cross-sections
(H1-H6) are measured horizontally by every 100 mm and four
major sections (L1-L4) are selected vertically as is shown in
Figure 18. Once the body is constructed, the major
specification to evaluate cattle can be estimated easily on the
computer. Especially, chest girth, hip height and body length a. Side view from KINECT-1
etc. are important parameter to evaluate the growth of cattle.
For example, the weight can be estimated accurately from these
parameters. [21].

The measurement values of the chest, hip height are important
parameter to evaluate the growth of cattle. In our system, the
approximated circle of the chest girth is used to estimate the
chest girth.

\.

b. Top view from KINECT-2

v Lt ’
Fig.13 Measured cattle

A
c. Side view form KINECT-0
Fig. 15 Point cloud data detected by each KINECT
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_a. Top view

b. Side view
Fig. 16 Constructed point cloud data

Fig. 17 Measured portions in cattle

e

| 0.5 |
H6
A Horizontal cross sections
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V1 V2
V3 V4

B Vertical cross sections
Fig.18 Extracted sections from the point cloud data in the cow

Figure 16 shows the standard (ideal) model of Japanese
black cattle. The shape of this ideal model was measured using
our three dimensional measurement system and point cloud
data was obtained. Figure 17 shows the horizontal cross section
at 1/2 height and was magnified to be equivalent with the real
size. Figure 18 shows the cross section of the live cattle at same
position of the ideal model. Figure 19 shows the comparison
result of the cross section between the ideal model and
measured cattle. The evaluation can be executed at any
positions by comparing the shapes with ideal model.

Fig. 19 Standard cattle model
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Fig.20 Horizontal cross section of a standard cattle model

Fig.21 Horizontal cross section of a live cattle

/-'—'-\‘_
i

N
\‘ﬂw_/

Fig.22 Comparison and Evaluation of shape

VII. CONCLUSIONS

In this paper, the measurement system for cattle using a
computer vision system is introduced. Two or three KINECT
sensors detect the point cloud data for cattle simultaneously
from different angles. These KINECT sensors are calibrated in
advance to have a common coordinate system. The point cloud
data obtained from different angles is connected and
transformed to a common global coordinate system on the
computer. The important specification for evaluating the shape
and posture of the cow is estimated using the cow reconstructed
on the computer. Experimental results show the feasibility of
our system but the difference is existed between the results of
computer vision and manual measurement. One of the results of
the difference is caused by the body hair of cattle. It should be
consider the length of the cow hair on the measurement using
computer vision.



INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

ACKNOWLEDGMENT

This study was supported by Grant-in-Aid for Scientific
Research 23658218

REFERENCES

[1] Arias, P., Pini, A., Sanguinetti, G., Sprechmann, P., Cancela, P.,
Fernandez, A.,Gomez, A., Randall, G. Ultrasound image segmentation
with shape priors: Application to automatic cattle rib-eye area
estimation. 16 ,2007, 1637-1645

[2] Jiang, Q., Daniell, C. Recognition of human and animal movement
using infrared video streams. ,2004, I1: 1265-1268

[3] McFarlane, N., Schofield, C. Segmentation and tracking of piglets in
images. 8,1995, 187-193

[4] Haering, N., Qian, R., Sezan, M. A semantic event-detection approach
and its application to detecting hunts in wildlife video. 10 ,2000,
857-868

[5] Penney, C., Corby, N. Coded aperture light detector for three
dimensional camera. ,1989

[6] Wang, Y. Characterizing three-dimensional surface structure from
visual images. 13,1991, 52-60

[7]1 Bhatnagar, D., Pujari, A., Seetharamulu, P. Static scene analysis using
structured light. 9 ,1991, 82-87

[8] Aldon, M., Strauss, O. Shape decomposition using structured light
vision. In:VVF91. ,1991, 11-20

[91 Mahoney, J. Testing the goods: Xbox kinect. ,2010

[10] Bigdelou, A., Benz, T., Schwarz, L., Navab, N. Simultaneous
categorical and spatio- temporal 3d gestures using kinect. In:
3DUI12.,2012, 53-60

[11] Dal Mutto, C., Zanuttigh, P., Cortelazzo, G. Time-of-Flight Cameras
and Microsoft Kinect. Springer ,2012

[12] Zhang, Z. Microsoft kinect sensor and its effect. 19,2012, 4-10

[13] Schalkoff, R. Automatic recalibration of moving cameras in stereo
vision systems.3,1985, 118-121

[14] Gennery, D., Litwin, T., Wilcox, B., Bon, B. Sensing and perception
research for space telerobotics at jpl. ,1987, 311-317

[15] Gennery, D. Stereo-camera calibration. ,1979, 101-107

[16] K. Kawasue, O. Shiku “Circular dynamic stereo and its application”,
Proc. of the 3rd WSEAS symposium on mathematical methods and
computational techniques in electrical engineering, 2001.12,
pp.5301-5306

[17] K. Kawasue, Yuichiro Ohya, “Circular dynamic stereo and its image
processing”, Advances in Multimedia, Video and Signal Processing
Systems, Electrical and Computer Engineering Series, A Series of
Reference Books and Textbooks, WSEAS, 2002, pp.36-40

[18] K. Kawasue, G. Uezono, Y. Gejima, M. Nagata, “Three-dimensional
Measurement by Free Scanning of a CCD Camera and Laser”, WSEAS
transactions on System, 1( VVol.3), pp. 143-147, 2004.1

[19] K. Kawasue, S. Aramaki, Y. Ohya, “Particle image velocimetry with
auto calibration”, Pro. Of 6th WSEAS International Conference on
Signal, Speech and Image Processing , 2006.9.24, CD-ROM 517-303

[20] K. Kawasue, S. Aramaki, Y. Ohya, “Calibration-free PIV system using
magnetic sensors”, WSEAS Transactions on Systems, Issue 12, Vol. 5,
pp. 2737-2743, 2006.12

[21] Lellah RAHIM, Hiroshi HARADA and Riichi FUKUHARA, Anim.
Sci. Technol. (Jpn) 67(2):115-119,1996

Issue 4, Volume 7, 2013 230





