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a b s t r a c t 

Parametric modeling of 3D body shape is widely used to create realistic human bodies. It further- 

more permits robust reconstruction of complete 3D body shapes even from incomplete capture data—

traditional scanning techniques result in gaps and missing regions due to occlusion and inaccessibility 

of certain areas of the body. Numerous methods of parametric modeling have been proposed for a wide 

variety of 3D body processing tasks. They provide the ability to represent a range of identity-dependent 

body shapes, and to deform them naturally into various poses. This report surveys and classifies recent 

developments in parametric 3D body shape modeling. We focus on elucidating the key similarities and 

differences between existing methods as an aid to understanding their relationships. We also discuss a 

variety of 3D body shape processing applications that benefit from parametric modeling. Our analysis 

of the strengths and limitations of existing algorithms also lets us highlight opportunities for future re- 

search. 

© 2017 Elsevier Ltd. All rights reserved. 

1. Introduction 1 

1.1. Background 2 

3D human body shape modeling is a classical problem in both 3 

academia and industry. In the past, representing body shape with 4 

high realism required a professional artist to manually model and 5 

animate the human body, a highly skilled task. The advent of 3D 6 

scanning has created the opportunity to capture human body ge- 7 

ometry and texture in detail, but it still typically involves a profes- 8 

sional acquisition process. In particular, holes and gaps are always 9 

present in the scanned data due to self-occlusion and inaccessibil- 10 

ity of places such as the armpits. Self-contact causing topological 11 

changes is also problematic. The use of traditional scanning tech- 12 

niques results in artifacts, primarily missing regions of a non-trivial 13 

size. 14 

Fortunately, (unclothed) 3D bodies share a common struc- 15 

ture, both in terms of identity-dependent body shape, and pose- 16 

dependent shape as they animate. So, researchers have proposed 17 

use of parametric models to represent 3D human body shape, 18 
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building upon statistical analysis of high-quality 3D body training 19 

data. In this paper, we consider to survey such parametric model- 20 

ing technique, which can represent a range of identity-dependent 21 

body shapes, and deform them naturally into various poses. When 22 

used in conjunction with data capture systems, the advantage over 23 

traditional scanning is the robust ability to automatically recon- 24 

struct a complete 3D body model from incomplete data. High fi- 25 

delity results are achieved due to such models being data-driven, 26 

using a high-quality body shape dataset to learn the models. Nev- 27 

ertheless, to capture the intricacies of human body shape, the 28 

mathematical descriptions used by parametric models are quite 29 

complicated. Building a model thus involves many issues, includ- 30 

ing 3D body training dataset preparation, designing a proper body 31 

model, and training the model to fit the prepared data. 32 

Anguelov [1] pioneered parametric modeling methods of 3D 33 

body shape, introducing the fundamental SCAPE (Shape Comple- 34 

tion and Animation for PEople) method. SCAPE is a statistical 35 

model that captures correlations of shape deformations between 36 

different individual bodies as well as correlations of pose defor- 37 

mations. Many following works have improved upon SCAPE, which 38 

provides a highly flexible and realistic body model. Our survey re- 39 

views existing methods for parametric modeling of 3D body shape, 40 

and their wide applications to human body processing tasks. We 41 

introduce the necessary mathematical concepts as well as current 42 
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methods, and use various high-level criteria to organize existing 43 

work into several categories, emphasizing their similarities and dif- 44 

ferences. Our goal is that this comprehensive survey will help read- 45 

ers navigate the constantly expanding literature on parametric 3D 46 

body shape modeling, and inspire researchers to contribute to this 47 

promising field in the future. 48 

1.2. Previous surveys 49 

Other surveys have to some degree reviewed the topics covered 50 

in this report. We discuss them here to explain their differences 51 

and the need for our paper. 52 

The recent course in [2] provides a deep discussion on learn- 53 

ing human body shapes in motion. This course is the most sim- 54 

ilar work to our survey, and includes a solid introduction to the 55 

parametric modeling of 3D body shapes. However, it focuses on 56 

work and progress in the Perceiving Systems department at the 57 

Max Planck Institute for Intelligent Systems, while we aim to pro- 58 

vide a comprehensive survey which considers work from multiple 59 

research teams, analyzing them as a whole. More importantly, we 60 

wish to highlight future perspectives based on an analysis of the 61 

strengths and limitations of existing works. 62 

The original SCAPE-based methods are briefly introduced along 63 

with other data driven methods in [3] , but since then, important 64 

developments have been made beyond the original SCAPE model. 65 

Brunton [4] presents an overview of statistical analysis, espe- 66 

cially the PCA technique for face processing, but does not give a 67 

profound discussion of techniques for human body shape. 68 

1.3. Other parametric 3D body representations 69 

A 3D human body can be represented as an explicit surface, 70 

e.g. a triangular mesh, which is the focus of this survey, but other 71 

representations such as implicit surfaces and volumetric models 72 

may also be used. Experiments show that using an explicit sur- 73 

face gives the highest fidelity among different representations. We 74 

briefly consider a few illustrative methods using these other repre- 75 

sentations, to give a broader view of 3D body parametric models. 76 

For implicit surfaces, Gaussians and other parametric proxies 77 

have been used to reconstruct 3D body shape, without training 78 

on the 3D body dataset. For example, [5] proposes an articulated 79 

soft object model, where many 3D Gaussian proxies (also known as 80 

metaballs or soft objects [6] ) are attached to an articulated skele- 81 

ton to provide an anatomically-based approximation. Each soft ob- 82 

ject defines a field and the body skin surface is taken to be a 83 

level set of the sum of these proxies. However, the reconstructed 84 

body is only a torso, since the head, hands and feet are explicit 85 

meshes that are attached to the torso. A similar approach is used 86 

by Ilic and Fua [7] to model upper body shape with details. Stoll 87 

et al. [8] proposes a sums of Gaussians (SoG) model, which ap- 88 

proximates the whole-body shape and can be reconstructed from 89 

a sparse set of images, aided by the kinematic skeleton. In related 90 

approaches, [9] and [10] use super-quadric proxies for the repre- 91 

sentation of 3D body shape. 92 

A volumetric Gaussians density body model [11] has recently 93 

been proposed for skeletal pose estimation from sparse views; it 94 

has been extended by Rhodin et al. [12] , using fitting to a regis- 95 

tered mesh database [13] for human shape reconstruction. 96 

1.4. Outline 97 

The rest of our survey is structured as follows. In Section 2 , 98 

we start with fundamentals: basic definitions used in parametric 99 

body shape modeling, and initial works that provide the techni- 100 

cal foundations. Section 3 reviews existing parametric models, and 101 

elucidates the key similarities and differences between them. 3D 102 

Fig. 1. Parametric modeling of 3D body shape. The articulated template T is seg- 

mented into rigid parts rendered in different colo rs. The template is deformed 

to generate body geometries, according to various body parameters controlling 

identity-dependent β , (static) pose-dependent θ , dynamics δ, etc. (Images courtesy 

of [2] ). 

body processing applications that make use of parametric models 103 

are summarized in Section 4 . In Section 5 , we show our analysis of 104 

the state-of-the-art and elaborate on future perspectives, conclu- 105 

sions are finally made in Section 6 . 106 

2. Fundamentals 107 

This section introduces fundamental information about para- 108 

metric 3D body shape modeling, including basic definitions, 109 

datasets available for training, and preliminary work. Note: shape 110 

is a general term, and we usually use it to mean both the identity- 111 

dependent shape and pose-dependent shape. In addition, when 112 

pose refers to the skeletal pose as used in traditional motion cap- 113 

ture, it is prefixed by the term skeletal . 114 

2.1. Basic definitions and datasets 115 

We assume that a human body is represented by a mesh with 116 

a set of triangular faces F = { f 1 , . . . , f | F | } with corresponding ver- 117 

tices V = { v 1 , . . . , v | V | } and edges E = { e 1 , . . . , e | E| } . Parametric 118 

modeling of 3d body shape aims to build a descriptive model M 119 

to represent a given human body, using parameters specific to 120 

the subject related to body identity-dependent β , (static) pose- 121 

dependent θ , dynamics δ (a body motion sequence), and possi- 122 

bly other aspects, together with learned parameters � which are 123 

constant for all individuals, and are determined from the training 124 

dataset. These variable and constant parameters are given partic- 125 

ular values to generate a specific 3D body from a template mesh 126 

T . The template is always manually pre-segmented into parts, with 127 

an underlying hierarchical jointed skeleton; mesh triangles are as- 128 

sociated with skeleton bones. A parametric 3D body model M (·) 129 

is a compact parametric mapping to R 

3 : 130 

M (β, θ, δ, · · · ;�) → R 

3 . (1) 

Fig. 1 shows an overview of parametric body shape modeling: 131 

the articulated template T is deformed to generate realistic bodies, 132 

controlled by varying the parameters. 133 

Parametric modeling of 3D body shape is thus typically data- 134 

driven, and involves analyzing datasets containing many human 135 

bodies. The aim is to extract meaningful mappings and correlations 136 

between different data instances, and to determine what form the 137 

parametric model should take, and what ranges of parameters are 138 

suitable. This process allows a computational parametric model to 139 
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