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Abstract

This paper describes a physically precise spine
model and its application to estimate three dimensional
spine posture from the frontal and lateral views of a hu-
man body taken by two conventional video cameras. In
our method, rough position of each part is estimated
by using a simple model applicable to images. Based
on the obtained features from the fitting process of the
simple model, the forces acting on the precise model
are computed. The precise posture is estimated by de-
forming the model under these forces. Since the forces
acting on intervertebral disks are easily calculated, the
proposed method is useful for giving good suggestions
to a user to achieve healthy and safe body posture.
From the experimental results of application to actual
human images, we confirmed that the proposed method
estimated 3D posture of the human spine reasonably.

1 Introduction

In the computer animation field, posture estimation
is a useful technique for generating human motion au-
tomatically. Several human models for posture estima-
tion have been proposed in the past (1, 2, 4, 5, 6]. How-
ever the resulting postures are not accurate in physical
sense, since physical properties of each part of a human
body and interactions among the others are not consid-
ered. Moreover, even if such a physically precise model
is constructed, it would be difficult to estimate posture
by applying the model to human images directly.

This paper describes a physically precise spine
model and its application to estimate three dimensional
spine posture from the frontal and lateral views of hu-
man body taken by two conventional video cameras.
In order to solve the problems mentioned above, we
first obtain the neck and waist positions by employing
a simple silhouette-based matching method from the
successive two sets of human images. Then the forces
acting on the models are calculated from the obtained
displacements of the neck and the waist positions and
the time interval. Finally, the deformation of the spine
model is determined based on the dynamic simulation.
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Figure 1: Accurate spine model. Each vertebra is mod-
eled as a rigid body composed of a set of particles. The
upper and lower vertebrae are connected by a set of a
virtual joint and eight springs

2 Methods
2.1 Accurate spine model

Human spine is mainly composed of a set of verte-
brae and intervertebral disks. We model each vertebra
as a rigid body composed of a set of particles as shown
in Fig.1. Physical parameters, such as the relative mass
property, a center of mass, and components of an in-
ertia tensor characterizing the physical properties of a
vertebra can be calculated from the positions and the
number of the particles. We use three dimensional X-
ray CT images of a whole human body to construct an
initial model. The position of a particle is determined
by the position of the voxel in the corresponding bone
region in a set of CT slices.

An intervertebral disk is modeled as a set of a joint
with 3 DOF (degrees of freedom) and springs connect-
ing the upper and the lower vertebrae. The movement
of two vertebrae in the deformation process are con-
strained by the joint and the springs. The initial posi-
tion of the virtual joint located is determined manually.
The spring constant is determined experimentally.

2.2 Spine posture estimation

Figure 2 shows the processing flow of the spine
posture estimation method using the accurate human
spine model. The inputs of the method are the frontal
and lateral views of a human body taken by two video
cameras located at the places where their optical axes
satisfy orthogonal.
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Figure 2: Processing flow of the spine posture estima-
tion using the accurate spine model.

2.2.1 Rough estimation

We estimate the rough positions of the neck and waist
on Ig(t) and I;(t). Here, we denote I¢(t) and I;(t) as
the frontal and lateral views taken at time t. Silhou-
ette images corresponding to I¢(t) and I,(t) are first
generated by using basic image processing operations
including thresholdmg Then posture candidates are
generated using Connected Vertebra Spheres Model [3].
The outer shape of the model with respect to each can-
didate is generated and is projected onto the silhouette
images. The number of pixels in the exclusive regions
between the projected regions and the silhouette re-
gions are calculated to measure a matching rate of the
actual and the generated postures. The candidate with
the highest matching rate is estimated as the current
posture. We simply regard the top and bottom verte-
brae of the estimated spine as the positions of the neck
and waist, pneck(t} and pwaiat(t)-

2.2.2 Precise estimation

(a) Deformation of the accurate spine model

The accurate spine model is deformed so as to locate
the top and bottom vertebrae of the model on preck(t)
and Puwaist (t), respectively. The external force Fey act-
ing on each vertebra is calculated. The force Fey is
expressed as the sum of the gravitational force fy and
the intervertebral disk force fyisx. Two virtual forces
freck and fyaist are working on the top and the bottom
vertebrae. After calculating the external forces, a set
of equations of motion are solved under the constraint
that each vertebra is connected to its upper and lower
vertebrae by two virtual joints. Lagrange multipliers
method is used for solving these equations. The ve-
locity and the angular velocity with respect to each
vertebra are computed and then the position of each
vertebra is calculated. The deformation process is car-
ried out iteratively until the both following conditions
are satisfied,

|pneck(t) = xneck{t’)l < lnecks (1}
lpwnist (t) s xwaist(t’)l < twaists (2)

where theck and tyiast are predetermined thresholds.
The outputs are 3D position and the orientation of
each vertebra.

(b) Forces acting on vertebrae
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Figure 3: The force fheck(t, t — At) acting on the top
vertebra of the accurate spine model. Xjeck(t — At) is
the neck position obtained by the precise estimation
process at time ¢t — At. Ppeck(t) is the neck position
obtained by the rough estimation process at time t.

Two types of forces acting on one vertebra are con-
sidered here during the deformation process. The first
type is the gravitational force f; and the other is the
intervertebral disk force fyisx. The force faiqx occurs
when the disk is compressed by the upper and lower
vertebrae. In our model, each vertebra is connected to
the upper and lower vertebrae by eight springs, respec-
tively. The force £}, (t) acting on the i-th vertebra at
time ¢ is expressed by the following equation,

Zk(d i,i— l{t

2 Z k(dt 1+1

di;_1(0)

)= d];1.1(0), (3)

where d’ i+1(t) and d, :+1(0) are the lengths of the j-
th spring connecting the i-th vertebra and the (i + 1)-
th vertebra, respectively. The variable k is a spring
constant.

Besides, in order to deform the accurate spine model
so as to locate the top and the bottom vertebrae on
the neck and the waist position, respectively, we intro-
duce two virtual forces f,eckx and fyaise acting on two
vertebrae as shown in Fig. 3. Let X,ec(t — At) and
Xwaist (£ — At) be the positions of two vertebrae at time
t — At, and ppeck(t) and pPyaist(t) the positions of the
neck and the waist obtained by the rough estimation
at time ¢. Then these forces are expressed as

freck = Mneck * (Pneck(t) == xneck(t == &t))/Atzt (4)
fwaist = Mwaist ¥ (pwai&t (t) =5 xwaiat(t — At])/At2, (5)

where Mpeck and Myaist are the masses of two verte-
brae. The external force is derived from the forces fg,
faisk, Fueck, and fyaise - Suppose that the model at time
to is deformed based on Ppeck(t) and pwaist(t). In the
n-th iteration of the deformation process, the force Fi,,
acting on the i-th vertebra is expressed by the following
equations,

+ (t]+ eckltit—1"),

(if top vertebra)
£g o2 f;—]-k(t,) == fwalu(t,t - tt),
(if bottom vertebra)

1
Fext

(6)

fe + £ (t),

(otherwise)

where t' = tg+nAt and At is a time step in a dynamic
simulation.
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Figure 4: Estimation results of the flexion posture using accurate spine model.

3 Experimental results and discussion

We applied the proposed method to real human im-
ages for evaluating efficiency of spine posture estima-
tion. The inputs are frontal and lateral views taken
by conventional video cameras. The size of images is
320 x 240 pixels. The subject was sitting on a chair,
and he was straightening his back in the first frame of
input sequences. Then he bent his body slowly. Fig-
ures 4 and 5 show the estimated results of the spine
postures. The estimated spine postures are overlaid on
figures. We have tested our method on a PC (Pentium
4 1.5GHz). Total computation time for one posture
was 159.3 seconds, and it took 7.10 seconds per one
iteration of the procedure of the accurate spine model
fitting.

The human spine posture is estimated reasonably
as shown in Figs.4 and 5. It could be possible to esti-
mate flexion and lateral bending posture. In the case
of the twisting posture estimation, the body direction,
which can be obtained by the positions of both shoul-
ders, would be needed as additional constraint. Our
approach is effective for fitting the model with artic-
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ulated structure to an actual human image. It may
be applicable to estimate an arm and leg posture or
motion. In our method, only the interaction between
the vertebra and the intervertebral disk are currently
modeled. However, a variety of forces such as pressure
from surrounding muscles and tissues are acting on an
actual vertebra. In order to estimate the spine pos-
ture more precisely, we need to improve the method
for computing the external force.

4 Conclusion

In this paper, we have proposed an accurate hu-
man spine model and a method for estimating the spine
posture from frontal and lateral views of human body
taken by two video cameras. Each vertebra is approx-
imated as a rigid body composed of a set of particles
and an intervertebral disk is modeled as a set of a joint
and springs connecting the upper and the lower verte-
bra in our model. Rough positions of the neck and the
waist are estimated using simple model from the im-
ages. Two virtual forces acting the top and the bottom
vertebrae are computed based on the obtained posi-



Figure 5: Estimation results of the lateral bending posture using accurate spine model.

tions. The precise posture of the spine is estimated by
deforming the model under these forces. The model is
deformed by solving the equations of motion. From the
experimental results of application to actual human im-
ages, we showed that our proposed method estimated
3D postures of the human spine reasonably.

Future works include: (1) application to a large set
of human images to validate efficiency of the method,
(2) quantitative evaluation of the estimated spine pos-
ture using Open MRI images, (3) development of a
method that generates a personal model from the
generic spine model constructed from a set of X-ray
CT images, and (4) development of a method for cal-
culating the loads acting on the spine.
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