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Program

13:30: Understanding Human Parametric Body Mesh Models.

(Romain Brégier)

14:30: 3D Human Mesh Recovery from Images.

(Istvan Sarandi)

15:30: break.

15:45: 3D Human Pose and Shape Estimation from LiDAR Point Clouds.
(Salma Galaaoui)

16:45: end.



Comments

e Resources will be available at:

- https://human-mesh-tutorial.github.io/

* Questions are welcome!


https://human-mesh-tutorial.github.io/

Understanding
Parametric 3D Human Body Models

§

#\ DENVER
NAVER LABS :..orc CVPR 29 DN,



Tutorial Goals

* Why modeling the human body?

* Fundamentals of human body modeling for CV.

,, (Disclaimer: Anny )
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Definition

* A [human body] model is an informative representation of the [human body].
* |t should include only relevant attributes (for the user).

* It can be used to describe, explain, predict these attributes.
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Biomechanics

OpenSim (Seth et al. 2018) SKEL (Keller et al. 2023) BOSS (Shetty et al. 2023)
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Appearance

Controls

Zielonka et al. EUROGRAPHICS 2026
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Body measurements

neck right neck left

shoulder left
bust left
bust side left

waist side left

shoulder right

bust right

wrist right\

4

crotch point hip side left
bust circ.

mm hip circ.
== |eg circ.

== Waist circ.

nape of neck neck right
neck left A\ /
shoulder Ieft\;\ /

waist side left

shoulder right

bust side right
waist side right
Y

hip side right
bum right

mid waist back
hip side right™ |
bum left

== hyst line

== waist over bust line
neck width
wrist circ.

GarmentCodeData (Korosteleva et al. 2024)
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r input

Blender (Spring 2019)

. ] — =

Input human pose Default “chef in kitchen” “Lincoln statue”

ControlNet (Zhang et al. ICCV23)
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Motion

Phases I Stance } Swing I
Initial ) : Second " . .
Periods [——— Double-imb —| Single-limb }— Double-timp —- Mitial | Mid- | Terminal
Stance Swing ' Swing Swing
Support Support

Foot Strike Opposite (Reversal of Opposite Toe-Off Foot Tibia Foot Strike
Toe-Off Fore-Aft Foot Clearance  Vertical
Shear) Strike
% of 1 | |
Cycle | ! |
0% 62% 100%
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-

A person walking backward points to the right side with their right hand
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Pose/motion transfer

Anny (Brégier et al. 2025)

Romain Brégier © NAVER LABS Corp.

SOMA retargeter (Nvidia 2026)
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Description

Romain Brégier © NAVER LABS Corp.

SMPL
Projection Layer

A v

(| want to build strength in my arms and core, also g .r % Can you describe the persons pose in the ]
improve my sense of balance, please recommend an ! middle? Please respond with SMPL pose 1

| advanced yoga pose. ! < ]
1

0 1

. !

@ Sure, the pose of Plank Pose Is a great option for you. It

=~ | engages the core, arms, and legs, and requires good balance.
It is a beginner pose, but it can be made more advanced by
holding the pose for a longer period of time or adding
variations such as lifting one arm or leg off the ground.

Is there a person with green shirt? If
please describe this person.

4

4

@ Yes, there is a person with green shirt in the image. This person is ]
=~ | sitting in a chair.

[ I don't like this, 1 d a more

@ Sure, the pose of Handstand is an advanced pose that [Please give the SMPL pose of this person.

engages the arms, core, and legs. It requires a good sens
of balance and strength in the arms and core to support
the body in a handstand position. It is a pose that requi
practice and skill, but it can be very rewarding for those
looking to build strength and balance.

tWhnt might his body pose be when he finishes getting his hair ¢ R

{Can you give SMPL pose of this one? getting his hair cut without seeing the final result. However, it is
likely that the man would adopt a more relaxed pose, such as
<POSE>, once the hair cutting process is complete and he is

comfortable enough to move freely.

@ | It is difficult to predict the exact SMPL pose of the man after

@ [The SMPL POSE is <POSE>.

1
|
]
1
1
!
!
]
]
1
]
]
:
:
@ [The SMPL pose of this person is <POSE>. I
1
1
!
!
]
]
]
]
1
]
1
1
1
1
1
1

ChatPose (Feng et al. CVPR2024)
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Compress information

Romain Brégier © NAVER LABS Corp. Naver MotionStage
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Predict the unseen

SAM3D Body (Yang et al. 2025)
MultiHMR (Brégier et al. 2025)

Romain Brégier © NAVER LABS Corp.



Body Model History

A key influence on the field David Hogg, 1983
“.... the motion of the

li\’ing body was class WALKER [stretche]
s paris postuse: [straight]
position:

bright spots L -

describing the - e
. . parcass: sorso

motions of the main meighc 005

[stretchl lite stretch it
position: x~ 0y~ 45 £~ ~S 4~ 0 b

joints.... 10-12 such

elements in adequate firton
motion combinations N 0em0sm0m0emane

... evoke a compelling Seghe 005

represented by a few oo pon fow £~ C16 =101 030

Early body models
L™

[ Terzopoulos
and Metaxas ‘93 ]

[ Kakadiaris and Metaxas 00 ]

[ Sminchisescu
and Triggs ‘03 ]

.
Gunnar Johansson, Vist
for its analysis, Percept| l I la e II I Ip e

CVPR 2021 Tutorial (June 20, 10:00-18:00 EDT)

Romain Brégier © lummmpmmmem—m—— ——

Note: even if you missed the tutorial, you will find recordings of all presentations on this site.

Naureen Mahmood, Timo Bolkart, Ahmed A. A. Osman, Joachim Tesch, Dimitrios Tzionas, Michael ). Black

https://smpl-made-simple.is.tue.mpg.de/

;vatia & Binford '73
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Body Models Spectrum

YOLO

COCO 17
Romain Brég(!'r l@l\@tfﬁnggﬂ?C’Lé)

© SMPL
(Loper et al. 2015)

AR

Anny
(Brégier et al. 2025)

SoftSMPL
(Santesteban et al. 2020)

NPMs

F Q}n . (Palafox et al. 2021)
& i
o
\:Hw 2 ‘b\""
1 "TJ )
I A (w
BOSS

(Shetty et al. 2023)

Zielonka et I. 2026
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Recent morphable surface body models

ELLNTL:
AR

Anny (Brégier et al. 2025) MHR (Ferguson et al. 2025) SOMA rig (Saito et al. 2026)

Romain Brégier © NAVER LABS Corp. 18




Parametric surface model

L8 ] -
bl
’/
£X;
ain Brégier OWVER LABS Corp.

Body landmarks consistent across poses
and identities

X = (z; eR?)_y v

X = f(B,0)

,3 Body shape
O Pose
SCAPE (Anguelov et al. 2005)
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Rigid body pose

Ly — Tbody Lpody

R t
Tbody = (03><1 1) = SE(S)

Tpody coordinates wrt. the body
axyy absolute coordinates

Romain Brégier © NAVER LABS Corp.
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Composed body

xy = Ipxg
xp coordinates wrt. the part B

Tr body part pose
axyy absolute coordinates

Romain Brégier © NAVER LABS Corp.
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Skeletal animation

Forward kinematics:

local
Tbone — parenthone
Tlocal _ R 03 X 1
bone 01 3 1

Romain Brégier © NAVER LABS Corp.
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Linear Blend Skinning

Ty = Ipxp

Romain Brégier © NAVER LABS Corp.

Ly — E ”LUBTBQZB

wa skinnirllgg weight wrt. B
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Linear Blend skinning artifacts

Romain Brégier © NAVER LABS Corp.
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SMPL: Pose corrective deformations

Wctzon y

\ ’
LBS(R) ( LBS(R)

I 4

Romain Brégier © NAVER LABS Corp. 25
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Parametric surface model

L8 ] -
bl
’/
£X;
ain Brégier OWAVER LABS Corp.

Body landmarks consistent across poses

and identities

X =(x; €R%)j—1. v

,3 Body shape
O Pose

SCAPE (Anguelov et al. 2005)
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Identity modeling

Linear deformations (blendshapes)

X =X0+25i3z’

GHUM (Xu et al. 2020): nonlinear deformations
X = Decoder(3)

Romain Brégier © NAVER LABS Corp.
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ATLAS/MHR: skeletal deformations

local A 03 x 1 ‘4 i ‘R
Tbone == 0 /."‘
1x3
.\ _,"\
£ .‘

s, 0 0
A=R| 0 s, 0
O 0 s,
Romain Brégier © NAVER LABS Corp.

A

{
o
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Statistical shape modeling

3D scans

Teplate mesh

Romain Brégier © NAVER LABS Corp.
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3D Body Scan datasets

+ other proprietary datasets

Romain Brégier © NAVER LABS Corp.
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3D scans training sets

Model # scans* # body identities
SMPL 3,800 1,800
STAR 14,000 1,800
GHUM 60,000 4 300
SUPR 1,200,000 15,000
ATLAS 600,000 15,000
MHR 26,000 7,110
SOMA-Shape 9,629 9,629
Anny N.A. N.A.

Romain Brégier © NAVER LABS Corp.
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Hands and facial expression

Model stitching

SMPL-H (Romero et al. 2017) = SMPL + MANO
Frank (Joo et al. 2018) = SMPL + FaceWharehouse
SMPL-X (Pavlakos et al. 2019) = SMPL + MANO + FLAME

Joint learning

GHUM (Xu et al. 2020)
SUPR (Osman et al. 2022)
(can be split in independent parts)
ATLAS (Park et al. 2025)
MHR (Ferguson et al. 2025)

Romain Brégier © NAVER LABS Corp.

SMPL

[Loper et al. TOG’15]
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Shape modeling evaluation

Scan

Romain Brégier © NAVER LABS Corp.

Fitting Error

3DBodyTex dataset (Saint et al. 2018)

15mm

Omm

33



Statistical shape modeling

Pros:
e | earned from actual data
* Models in-distribution data very well

Cons:

 Distribution biases
* North America and Europe adults
* “Only” 15k identities
e Can over-fit

Romain Brégier © NAVER LABS Corp.
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Statistical shape modeling “over-fitting”

9

N

SMPL-X fit (360 shape components)

Romain Brégier © NAVER LABS Corp.
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Statistical shape modeling “over-fitting”

-
-
-
-
-
-
-
-
-
-
-
/
/
/
/
/

SMPL-X ATLAS

Romain Brégier © NAVER LABS Corp.
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Statistical shape modeling “over-fitting”

Romain Brégier © NAVER LABS Corp. 37



STAR: sparse local corrections
SMPL STAR

Romain Brégier © NAVER LABS Corp. STAR (Osman et al. ECCV2020)
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Anny: artist-based shape modeling

Blender* [/export/3d/lightroomy/LightRoomd.blend]

"Hazel Hair" by Elvaerwyn

Use Nod

*Knitted sweater 02" by Mindfront /44

baby child young
(age=0) (age=1/3) age=0.5 (age=2/3) (age=1)

. e prer
1 ) 156

MPFB (2026)

Romain Brégier © NAVER LABS Corp. 39



Anny artist-defined semantic parameters

bt ’K\ ﬂ\t

“age” “gender”

Romain Brégier © NAVER LABS Corp.
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Anny: artist-defined semantic parameters

ear shape parameters

Romain Brégier © NAVER LABS Corp.
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3D scan fitting

Romain Brégier © NAVER LABS Corp.

15mm
Omm
Y
Scan SMPL-X (300 components) Anny (164 components)
Scan SMPL-X+A (301 components) Anny (164 components)
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Anny: Artist-based shape modeling

Pros:
* No 3D scans required
e Cost
* Privacy
* Parameter semantics
* (“age”, “height”, “ear shape’,...)
* Good fitting quality
* Diversity
e Children, elders, very tall individuals

Neutral
» Explicit biases: artistic stereotypes

Cons:
* Less precise modeling (fat, body skin folds)
* Uncalibrated distribution

Romain Brégier © NAVER LABS Corp.



Anny: Height/BMI calibration

35
=== WHO Growth Standard Median -100%
WHO Growth Standard 95% Interval
30
E 25
£ —>
= - 50%
Z 20
15 .
-—- WHO Growth Standard Median Anny'one
WHO Growth Standard 95% interval i
40 ovth Sonderd S el 1o 0% Synthetic shapes dataset
0 5 10 15 20 0 5 10 15 20 25
Age (years) Age (years)

WHO growth standards

HMR training
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Diversity

Image Anny-Fit Side view

Anny-Fit
(Bravo Sanchez et al. CVPR2026 Findings)

Romain Brégier © NAVER LABS Corp.

stomach-pregnant

45



Fundamental limitations (all models)

Romain Brégier © NAVER LABS Corp.

46



Which body model should you use?

“The nice thing about standards is that there are so many to choose from.”

(Andrew S. Tanenbaum.)

Conversions between models are possible.

Romain Brégier © NAVER LABS Corp.

47



Vertex interpolation

mtamget _ E wimfrc
)

Romain Brégier © NAVER LABS Corp.



Topologies / Level of Details

|

-

Anny M PL-X SOMA Anny coarse

Romain Brégier © NAVER LABS Corp. 49



Joint location regression

tbone _ E :wiw;“@f
)

Used by:
SMPL
SMPL-X

SOMA (Saito et al. 2026)

Romain Brégier © NAVER LABS Corp.

50



Bone orientation attachment

Ryone = arg m&nszHRzﬁz — ArefH2
)

closed form solution

\

SOMA (Saito et al. 2026)

Romain Brégier © NAVER LABS Corp.
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Parameters Fitting

X ﬁ,9=argrgig\\f(ﬁ,9)—XH2

Romain Brégier © NAVER LABS Corp. 52



“all models are wrong, but some are useful.”

George Box
De-facto historical standards: Later refinements: Application-specific:
SMPL GHUM, STAR, SUPR, ATLAS OSSO, SKEL, BOSS,
SMPL-X SMIL, ...

Free alternatives:
Anny
MHR
SOMA rig

Romain Brégier © NAVER LABS Corp.
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