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Abstract

According to a survey conducted by the Ministry of Health, Labour and Welfare in 2019, about 30% of patients
suffer from back pain and stiff shoulders. Although researches on pose estimation have been conducted for a long
time, they cannot be used for daily pose estimation, because they need fixed cameras to capture target/subject motion.
To solve this problem, the present paper, proposes a novel pose estimation method from egocentric videos using
Epipolar Geometry. It computes three rotational angles, i.e., pitch, yaw and roll, from the egocentric motion videos
to evaluate differences from his/her normal motion. In the experiment, three egocentric videos were used to verify the
performance and effectiveness of the proposed method and reasonable/satisfactory results were obtained.
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1 Introduction

According to the Ministry of Health, Labor and
Welfare's 2009 National Survey of Basic Living
Conditions [1], the prevalence of back pain and shoulder
stiffness is about 30%. [2] [3] Since these problems
interfere with daily life of a person, it is important to
consciously correct his/her posture in daily life.
Therefore, posture estimation, which allows one to check
one's posture status, has been used in the research on
posture estimation in animation motion production and
virtual reality games. One of the posture estimation
techniques is motion capture. Motion capture is a method
of creating a 3D model by placing a monocular camera[4]
or multiple cameras[5][6][7] around a person to be
photographed and capturing the subject's movements.
Methods for detecting the position of the subject's joints
include attaching markers to the subject [8] and deep
learning estimation [9].

However, these methods have disadvantages in that
they require time for environmental preparation such as
equipment and can only be performed in a limited area.
There have also been studies on posture estimation using
deep learning[10], gait posture estimation using video
from a third viewpoint using a fixed camera[11], and gait
posture estimation using epipolar geometry[12] as
previous researches. However, the problems are that it is
difficult to determine the cause of the problem because of
the use of deep learning, and it is also impossible to
estimate the posture of a human daily life because it can
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Fig.1. The chest-mounted camera

only take pictures in a fixed environment. Moreover, it
is difficult to estimate a posture with small movement,
because it is normally used to estimate walking posture.

Based on these backgrounds, this paper proposes a
method to acquire images of the surrounding landscape
from a chest-mounted camera(Fig.1) and estimate the
angle using epipolar geometry using the feature points
obtained from the images.

2 Methodology

2.1. Camera Calibration

The camera contains lens distortion, which affects the
accuracy of the feature point correspondence and makes
it impossible to correctly map between the two images.
In order to eliminate the distortion, the camera is
calibrated. The camera parameters include internal
parameters, external parameters, and distortion
coefficients. A checkerboard is used to estimate the
camera parameters.
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2.2. Feature Point Detection and Matching

A-KAZE is a robust feature point extraction algorithm
invariant to scaling, rotation, and lighting change.
Using A-KAZE, the feature points are extracted and
described, and they are matched between two image
frames.

While the Lucas-Kanade (LK) tracker is commonly
used in target tracking, its use in feature matching is
comparatively rare. After detecting feature points in one
image, the corresponding matching region in the other
image must be identified to establish feature point pairs.
(Fig.2) The LK tracker is subsequently employed to
locate this matching region.

The removal of the outliers is performed by applying
RANSAC to hypothetically matched point pairs.

Fig.2. Feature point matching: (a) framel (b) frame3

2.3. Modeling with homographic matrices

A homography matrix is a matrix that represents a
projective matrix between two images, as well as a
constraint between the corresponding points.
If the x and y coordinates of the point in the image of
the previous frame and those of the corresponding point
in the image of the next frame are denoted by x;, ¥4,
X,, Yo, respectively, the relationship is calculated using
a homographic matrix.

X3 hi1 hiz hizlpx
[YZ] =|hy1 hyy hy [)’1] 1)
1 hs;  hs; hsslltl

where hy, -+ hs; are the elements of the homography
matrix.

When estimating the homography matrix using the
corresponding points obtained from the feature point
matching described above, RANSAC is used to remove
the outliers.

2.4. Removing Outliers with RANSAC

The RANSAC algorithm is shown below.
1. Randomly extract a certain number of data from the
entire data and perform model estimation.
2. Count and memorize outlier data.
3. Repeat steps 1-2 multiple times.
4. Determine the model with the least outliers as the best
model.

In the final projection transformation model, the
feature points pairs that correspond to the outlier are
removed. If the two images are correlated, the position
and the pose of the camera is estimated using epipolar
geometry.

2.5. Estimation of the fundamental matrix

All correspondences between the two images satisfy Eq.

Q).
(2)

fm,; and 7,4 are the uniform coordinates of the image
coordinates of the ith camera at time t and t+1,
respectively, and F is the fundamental matrix. They are
expressed as shown in Eg. (3).
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In this study, we use the 8-point algorithm [13] to find the
fundamental matrix F. Equations (2) and (3) are

expanded to f;;°*f33, Which is summarized as Eq. (4)
fir
fiz
fis
far
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Equation (4) has 8 unknown parameters due to the
indeterminate scale, and if there are 8 or more sets of
corresponding points, the basic matrix F can be estimated.
Therefore, Eq. (4) is applied to the corresponding points
of N set (N>8) and is expressed as Eq. (5).

Ugallesrs Veallesrn Uesra UeiVerin VeaVenn Vesrn U Ven 1

M= UgaUesrz Veallerrz Werrz WeaVevrz VeaVesiz Veri2 Uy Vg, 1

UenUesan  VenUesin Utsan UehVeran VenVean Vean Ugy Vpy 1
f=U0u fiz fisfa far foz fsr fo2 f3)'
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Since the right-hand side of Eq. (5) is 0, it is considered
to have invariance with respect to scale. To do this, the
Euclidean norm of f is normalized to 1 and the
fundamental matrix F is estimated. However, since the
condition that the rank of the fundamental matrix is 2 is
not satisfied, the singular value decomposition of the
fundamental matrix is performed, so that its rank
becomes 2.
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First, the obtained fundamental matrix is decomposed
using the following equation.

F=uzvT (®)

Here U and V are orthogonal matrices, and X is an
accusative matrix such as Eg. (9), in which the singular
values satisfy g, >0, >05.

g 0 O
2=<0 0, 0)
0 0 o3

Of the three diagonal terms, the smallest singular value is
0, and F obtained by recalculating equation (8) is the
final fundamental matrix.

9)

2.6. Estimating the Essential Matrix

The essential matrix is a matrix containing information
about the motion of the camera between two images, and
it is expressed by Eq. (10) using the fundamental matrix
F and the internal parameter K obtained in Section 2.1.

E = K'FK (10)
The essential matrix E is expressed by the following

equation using the rotation matrix R of the camera and
the translation vector t.

E = [t]xR 1)
where [t]xis the skewed symmetric matrix of t
defined by
0 —t, t
[tlx=| t. 0 -t (12)
—t, te O

2.7. Camera position and pose estimation

The essential matrix is decomposed into a rotation
matrix R and a translation vector t as shown above.

The rotation matrix R and the translation vector t
are expressed as follows.

uwvyT

R= {UWTVTT (13)
UIWU

(el = { U2WY (14)

where

0 1 0

w=<—1 0 0) (15)
0 0 1

From Eq. (13) and Eq. (14), each of R and [t]y hastwo
sets of solutions. It is therefore necessary to determine the
correct combination of R and [t]y from among them.
For this purpose, three-dimensional reconstruction of the
corresponding points is performed using those R and
[t]x, and a combination of R and [t]yx is chosen which

Human Pose Estimation from

makes the restored points all positive in front of the
camera.
2.8. Estimating Angles

The rotation matrix R obtained in the previous section
is decomposed into three matrices using Eq.(16).

i1 Tiz T3
R = RiouRpitcnRyqw = |21 T2z T23 (16)
31 T32 T33
cosO,,; —sSinB.,; O
Ryou = |sin Oroul €0s B,y 0 (17)
0 0 1
cos B4, 0 sinb,,
Ryaw = 0 1 0 (18)
—sinfy,, 0 cosb,,,
1 0 0
Rpitch = (0 C_OS epitCh —sin epifCh (19)
0 sinucp  COSOpich

Here, roll, pitch, and yaw are the axes shown in Fig. 3,
and B0, Opitcn, and 6,,, are the angles around
respective axes.

Using Egs. (16), (17), (18) and (19), the three angles are
computed by

—T12

0., = arctan
722

Qpitch = arcsin (r3;)

131

0yqw = arctan

T33

pitch

Fig.3. Camera Coordinate System

3 Experimental Results

In the experiment, we estimated walking posture of
three types of behavior patterns of four subjects. The
input image is obtained by cutting out the video at 3-
frame intervals. We find the changes in each axis of the
camera coordinate system. Assuming that the attitude
angle of the initial state is O [deg], the rotation angle of
the camera relative to the initial state of the camera is
estimated by integrating it. The output obtained from the
9-axis sensor is integrated by the RTQF algorithm, and
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the value is evaluated comparing with the true value. The
following RMSE (Root Mean Squared Error) is used for
the evaluation.

RMSE =

N
1 2
NZ(XL' .0
i=1

where N is the number of data, and x; and X; represent the
estimated and true values with i=1,2,---, N, respectively.

Since the value of the 9-axis sensor is an absolute angle,
the initial value of each axis stopped by the sensor is 0
[deg], which is a relative angle.

The experimental results are shown in Table 1, which
are the average evaluation results for three types of
behavior patterns of four subjects.

Table 1. Indicators of a person's posture by movement

Types of | Pitch | Yaw | Roll

behavior | [deg] | [deg] | [deg]

Sit 3.74 1398 | 179
Average Bend to|4.47 |829 |8.36

the side

Twisting | 2.26 | 11.16 | 5.77

4 Conclusion

In this paper, we proposed a method of estimating self-
posture of a person using MY VISION which employs an
ego-camera. In the proposed method, two consecutive
images were acquired at 3-frame intervals, and, from
these images, the posture of the camera wearer was
estimated using epipolar geometry. As the result of the
experiment, the average RMSE was 4.74 [deg], and the
effectiveness of the proposed method was verified.
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