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Abstract

Safety assessments require the use of different computa-
tional phantoms to analyze the variability among a target
population. In order to obtain accurate results, computa-
tional phantoms must incorporate a detailed description of
internal anatomical structures, and are difficult and time-
consuming to generate. We present a registration algorithm
capable of morphing a high-resolution anatomical model
into arbitrary body shapes, which can significantly reduce
the effort required to generate computational human mod-
els. Internal anatomical structures are morphed using only
the outer skin of the target model as reference, so the regis-
tration is possible even in case of target models with partial
or missing information about internal tissues.

1 Introduction

The Virtual Population (ViP) features 10 surface-based hu-
man phantoms, each containing approximately 300 differ-
ent tissues which have been generated from magnetic res-
onance image (MRI) scans with a resolution of 0.5 mm
throughout the entire body. Although ViP models cover im-
portant parts of the population diversity (such as gender, age
and obesity levels, [1, 2]), variability analysis might require
to run simulations over a broader spectrum of individuals,
or to run safety assessments over a continuous range of cer-
tain anthropometric measures. For that purpose, a larger
set of computational phantoms needs to be generated in or-
der to accomplish the specific analysis. The generation of
highly detailed models, however, is a difficult and laborious
task. Full-body MRI must first be segmented into different
tissue regions. Then, the computational model has to be
generated from the segmented images, by creating a con-
forming surface mesh which must be watertight, topologi-
cally correct, have good quality, and represent the anatom-
ical structures of interest with enough resolution. The seg-
mented label fields must be reviewed and corrected itera-
tively, resulting in a very time-consuming and long work-
flow. In this work, we present a multi-resolution regis-
tration algorithm capable of morphing a high-resolution,
highly detailed model into arbitrary a body shapes. The
approach is capable of generating complete and (anatom-
ically) correct models, while preserving the properties of
the original mesh at the same time (element quality, topo-
logical correctness, etc). High quality registrations can be

obtained even in case of low-resolution targets with par-
tial or missing information about the internal anatomical
structure (such as models generated from laser scan data),
thus significantly reducing the time and the effort required
to generate high-resolution computational phantoms.

2 Method

Our registration algorithm is composed of three main steps.
The first step is the registration of the outer skin. The reg-
istration is performed using a multi-resolution approach to
account for the different detail level between the template
and the target model. A hierarchy of meshes with decreas-
ing resolution is generated by iterative decimation of the
original template mesh. Then the registration is performed
starting from the mesh with the coarsest resolution and then
moving bottom-up in the hierarchy, each time solving a reg-
istration problem on a mesh with a finer resolution. The
second step of the registration process is the bone regis-
tration. Since the target model does not usually incorpo-
rate any information about the internal anatomical structure,
bone registration is carried out without relying on any spe-
cific information from the target model, except for the outer
skin. First, the surface enveloping all the bones and soft-
tissues (in short, internal skin) is extracted from the tem-
plate model by peeling off the fat layer. Since most of the
fat accumulates in a layer underneath the skin, the internal
skin is morphed allowing changes in the relative propor-
tions, but keeping the thickness approximatively constant.
This case is usually encountered when registering a tem-
plate model onto a target with different body proportions or
height. Lastly, bones are morphed in a semi-rigid fashion
trying to preserve their relative distance from the internal
skin. The third step of the registration process, is the regis-
tration of soft tissues. The displacement field in the internal
volume of the body is computed by harmonic extension of
the displacement at the internal skin and bones. The dis-
placement of the soft tissues in the interior volume is finally
obtained by interpolation.

3 Results

In this section, we present some results obtained with our
registration technique, which demonstrate both the quality
of the registration and the versatility of this tool. In the first



Figure 1. DUKE (left) registered onto FATS (right) using
only the outer skin to drive the registration. At the end of
the registration the outer skin and internal structures of the
registered template (middle) are in good agreement with the
actual internal structure of the target model.

Figure 2. THELONIOUS (ViP v3.0) morphed into child
models with varying BMI. The template model (left) is a
complete anatomical model featuring approx.. 300 tissues,
while target models are given as low resolution meshes
and do not incorporate any information about the internal
anatomical structures. Models from left to right show the
output of the registration when increasing the BMI from 15
to 30 Kg/m2.

test, the template model (DUKE) is registered onto the tar-
get (FATS). Although the target model features bones and
several soft tissues, we used only the information coming
from the outer skin. Both the template and the target phan-
toms come from the ViP v3.0. The two anatomical models
differ in the body mass index (BMI), height, circumference
of waist and torso, length of the arms and legs and body
proportions. Also the posture is slightly different. Although
both models have been generated with the same mesh res-
olution and detail level, there are no point-to-point corre-
spondences between the meshes. At the end of the regis-
tration, we find that the internal structures of the template
model are in good agreement with the internal structures
of the target with an average relative deviation on surface
area between 1-15% and relative volume error between 5-
20% between corresponding tissues. We stress that in this
test, we did not use any information coming from the in-
ternal structure of the target model. Nevertheless, the re-
sulting bone system is in good agreement with the target
model especially for long bones. In the second test case,
we morph a high resolution child model (THELONIOUS,

ViP v3.0) onto several child models characterized by dif-
ferent BMI (from 10 to 30 kg/m2). The target child models
come from the child model database developed by the Bio
Science Group from UMITRI [3]). Since the target mod-
els were generated starting from laser scan data, they do
not incorporate any information about the internal structure.
Also, the detail level of the targets is inherently limited by
the statistical approach used to generate the parametrized
models. Our algorithm is capable of producing complete
and anatomically correct models also in case of target mod-
els which exhibit a lower level of detail and a lower res-
olution. In the last test case, we morphed an adult female
model (ELLA, ViP v3.0) into several female human models
taken from the CAESAR database, [4]. All the target mod-
els consist only of the outer surface of the body, meshed
at a lower resolution than our template. In all cases, we
were able to obtain a good matching for the outer skin and
anatomically correct internal structures.

Figure 3. ELLA (ViP v3.0) morphed into several female
models from the CAESAR [5], dataset. Each target model
differ substantially in in the BMI, torso-leg ratio, height.
The template model is shown on the left. The sequence on
the right shows the output of the registration for each target
model.

4 Future Work

In this work, we presented an algorithm to register high-
resolution template models into arbitrary body shapes. Al-
though a full and rigorous validation is still required, all
the numerical results presented in this work suggest that
our approach is able to produce high quality registrations,
and to generate correct anatomical models, even when the
target model has partial or no information about the inter-
nal structures. The multi-resolution approach improves ro-
bustness and allows to preserve the details on the original
model when registering the template onto a low-resolution,
low-detail model. We believe that this approach can be suc-
cessfully employed to register individual tissues as well.
Possible future directions would include the automatic
parametrization of models with respect to some anthropo-
metric measurements. Also, this tool could be employed
to introduce artificial variability in the distribution of in-
ternal tissues, by registering several template models onto
the same target. Lastly, our registration algorithm could be
used to register a template model over patient-specific data.
In this respect, it would be interesting to adapt this frame-
work, to register the template mesh to full body CT or MRI
data.
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