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연구배경

 Template registration은 structured human model을 raw scan data에정렬하는기술

 Template registration 수행시 scan data 후처리, anthropometric measurement, 
homogenous mesh structure, posture analysis 등 scan data의효율적처리가가능함

Human Body Template Model을 이용한 형상 보강 예Human Body Template Registration 예



Posture Difference in Template Registration

 Human template model과 raw scan 간자세차이는 registration 성능을저하시킴

⇒ Template registration 시두모델의자세정렬선행필요

 기존연구들은 template과 scan의자세정렬을위해경험적 kinematic model 기반
자세추정방법, 수리모델기반최적화방법을활용함

기존 연구의 자세 정렬 방법: Kinematic model, Optimization다른 자세의 Template 및 raw scan 정렬 결과 예



기존연구: 손자세추정및정렬방법

 Kinematic model 기반손자세추정방법은 forward kinematics (자세측정), inverse 
kinematics (자세추정)의 2가지단계로수행됨 (Yang et al. 2010)

 최적화기반자세추정및정렬방법은자세변수화를위한추가정보가필요함

 1) 다수의 landmark pair의 coordination을이용한자세추정 (MPII)

 2) 관절모델의 segmentation를이용한자세정렬 (reference)

 3) 학습된자세및형상정보 database 활용 (SMPL, MANO 등)

최적화 기반 Template Model 자세 정렬 (Pischulin et al.)Kinematic model 기반 손 자세 추정 (Yang et al., 2010)



기존연구의한계점 (1/2)

 Kinematic model 기반자세추정방법은정교한 hand model을생성을위해실측

기반의 large data set 구축이필요함

 자세및형상정렬을위해다수의 data 측정기반한 data 학습이선행되어야함

⇒자세학습을용이하게할수있는모델적용필요



기존연구의한계점 (2/2)

 수리모델을이용한 hand kinematic model 생성시손관절의높은자유도및

비선형적특성의모델로인해연산이복잡하고 computational cost가증가함

⇒비선형성및높은자유도를고려한간단한연산을수행하는방법적용필요

 Landmark 정보가체계적으로포함된 hand scan DB가부족함

⇒최소한의 landmark를이용한자세추정방법개발필요



연구목표

ANFIS 기반 Kinematic Hand Model을이용한
Template Model 자세정렬방법개발

1. Hand posture control model 개발

2. Adaptive Neuro-Fuzzy Network 기반
Kinematic model 개발

3. Inverse kinematics 적용및
Hand posture alignment

4. Hand posture 비교평가
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연구절차

S1. Hand posture control model 개발

S2. ANIFS 기반 hand kinematics model 개발

S3. Inverse kinematics 기반손자세추정및정렬

S4. Hand model 자세비교평가



S1. Posable Hand Model 개발: 동작범위

 문헌조사및기존 hand model을조사하여손가락관절별동작범위파악

 자세변경을위해손가락관절의 19개각도입력변수생성및적용

Angle Digits Joint Motion Range

1

Digit 1

IP Flexion / Extension 0° ~ 80° (flexion)

2 MCP Flexion / Extension 0° ~ 80° (flexion)

3 CMC 3D rotation -

4

Digit 2

MCP Flexion / Extension -30° (hyper extension) ~ +80° (flexion)

5 PIP Flexion / Extension 0° ~ 120° (flexion)

6 DIP Flexion / Extension 0° ~ 80° (flexion)

7

Digit 3

MCP Flexion / Extension -30° (hyper extension) ~ +80° (flexion)

8 PIP Flexion / Extension 0° ~ 120° (flexion)

9 DIP Flexion / Extension 0° ~ 80° (flexion)

10

Digit 4

MCP Flexion / Extension -30° (hyper extension) ~ +80° (flexion)

11 PIP Flexion / Extension 0° ~ 120° (flexion)

12 DIP Flexion / Extension 0° ~ 80° (flexion)

13

Digit 5

MCP Flexion / Extension -30° (hyper extension) ~ +80° (flexion)

14 PIP Flexion / Extension 0° ~ 120° (flexion)

15 DIP Flexion / Extension 0° ~ 80° (flexion)

16 Digit 2 MCP Abduction / Adduction ± 10 °

17 Digit 3 MCP Abduction / Adduction ± 10 °

18 Digit 4 MCP Abduction / Adduction ± 10 °

19 Digit 5 MCP Abduction / Adduction ± 10 °



S1. Posable Hand Model 개발: 구성요소

 Surface mesh를이용한 posable hand model 개발을위해 skinning 방법적용

 LBS (Linear Blend Skinning) 적용을위해 template model의 5가지변수 (vertices, 

face, face normals, spheres (joint center), skinning weights) 구성

Linear blending 구동시필수변수
Mesh

Cell structure Center
Radius
Bone

Cell structure Parent
Center
Indices
Vertices
Faces
Normals
HRBF
Block
Blend

LBS based Template 적용

Points
Normals
Centers
CoefficientsDefault template 변수구성예

Vertices
Faces
Normals
Spheres
Weights
Blocks
Bones
Assignments
Implicit 



S1. Posable Hand Model 개발: 회전축생성

 4개의 joint center points를이용하여 lateral vector 생성및 PIP, DIP의 flex./ext. axis 도출

 Axes center (MCP joint)와 2개의 vector를이용하여 MCP joint의회전축구성

측면방향
(Flex./Ext.)
(finger_normal)

D3 - MCP

D4 - MCP

D3 - PIP

D3 - Tip

uv

uw

n
uxFinger_normal D3 - MCP

D3 - PIP

D3 - Tip

손가락방향 (Sup./Pron.)
(MCP  PIP vector)

정면방향 (Ab./Ad.)
(finger_normal과MCP-PIP vector에
수직인 vector)

Finger flexion/extension axis 생성

uw: MCP to tip vector
uv: MCP to PIP vector
ux: MCP to adjacent MCP vector (lateral vector)

손가락의측면방향 axis를 vector 외적으로도출

①

②

③ x, y에수직인 z-axis를 vector 외적으로도출

길이가 1인 x, y axis 생성①

②



S1. Posable Hand Model 개발: 회전변환및 Skinning Weight

 V’ = V * rotation, scale, translation Matrix * skinning weight 



S1. Posable Hand Model 개발: Neutral Posture

 편기본자세의 hand template model

 손가락관절별각도(deg.)를입력하여자세변경이가능하도록개발



S1. Posable Hand Model 개발: Half-Grasping Posture

 Grasping 자세구현을위해 digit 2-5 MCP: 30°, PIP: 45°, DIP: 45°적용



S2. ANFIS (Adaptive Neuro-Fuzzy Inference System)

 Fuzzy Inference System (FIS)은 If-then 개념을통해인간의언어및사고에관련된애매함

(fuzziness)을수리적으로표현할수있으나, 학습능력의부재로의사결정모델인 fuzzy 
system 도출시전문가지식에의존하는한계를지님

 ANIFS는 FIS의 If-then 개념과 ANN의학습능력을결합한모델로, 학습된 data set 안에서
최적화를수행하고비선형성을고려할수있음

Fuzzy Inference System 개념 Artificial Neural Network 개념 Adaptive Neuro-Fuzzy Inference System



S2. ANFIS 기반 Kinematic Hand Model

 DIP, PIP, MCP는 flexion/extension 시한축의영향을받음 → 평면으로가정

 (1) Finger tip 위치 T (xi, yi), (2) MCP joint center (0, 0), (3) finger segment length 
(l1, l2, l3)를이용하여관절별각도(θ1, θ2, θ3)를연산하는 2차원상의수리모델생성

 ANFIS는 Finger tip 위치 T (xi, yi) 에대하여관절별각도입력당 n개의퍼지집합

(fuzzy set)을갖는스게노형 FIS의 If-then 규칙을정의함

𝑓𝑓𝑥𝑥 = 𝑙𝑙1 × cos θ1 + 𝑙𝑙2 × cos(θ1 − θ2) + 𝑙𝑙𝑙 × cos(θ1 − θ2 − θ𝑙)

𝑓𝑓𝑦𝑦 = 𝑙𝑙1 × sin θ1 + 𝑙𝑙2 × sin(θ1 − θ2) + 𝑙𝑙𝑙 × sin(θ1 − θ2 − θ𝑙)

θ1 𝑖𝑖𝑖𝑖 𝐴𝐴𝑖𝑖, θ2 𝑖𝑖𝑖𝑖 𝐵𝐵𝑖𝑖, θ𝑙 𝑖𝑖𝑖𝑖 𝐶𝐶𝑖𝑖 (𝑖𝑖 = 1, 2, … ,𝑛𝑛)

O (0, 0)

T (xi, yi)
l1

l2

l3

x-axis

y-axis

Then :

If : 

θ1

θ2
θ3



S2. ANFIS 기반 Kinematic Hand Model: Forward Kinematics

 Kinematic model 구성시손자세 data 구축을위한 forward kinematics 수행필요

 본연구에서는 ANN을이용한 dataset 구축을수행하여 forward kinematic를수행함

Forward Kinematics 결과: X, Y Data Plot Forward Kinematics 결과: Data Matrix 생성 예

theta 1 theta 2 theta 3 coord-x coord-y
0.0 0.0 0.0 25.0 0.0
0.0 0.1 0.0 24.9 -1.6
0.0 0.2 0.0 24.7 -3.2
0.0 0.3 0.0 24.3 -4.7
0.0 0.4 0.0 23.7 -6.2
0.0 0.5 0.0 23.0 -7.7
0.0 0.6 0.0 22.2 -9.0
0.0 0.7 0.0 21.2 -10.3
0.0 0.8 0.0 20.1 -11.5
0.0 0.9 0.0 18.9 -12.5
0.0 1.0 0.0 17.6 -13.5
0.0 1.1 0.0 16.3 -14.3
0.0 1.2 0.0 14.8 -14.9
0.0 1.3 0.0 13.3 -15.4
0.0 1.4 0.0 11.7 -15.8
0.0 1.5 0.0 10.1 -16.0
0.1 0.0 0.0 24.9 2.5
0.1 0.1 0.0 25.0 0.9
0.1 0.2 0.0 24.9 -0.7
… … … … …



S2. ANFIS 기반 Kinematic Hand Model: Inverse Kinematics

 생성된 ANFIS 모델에 inverse kinematics 개념을적용하여입력값 (xi, yi)에대한

관절별각도(θ1, θ2, θ3) 도출

 입력값에대한관절별각도도출을위해후견부매개변수에 LSE (Least-Square 
Estimate)를이용하여결과최적화수행

coord-x coord-y
25.0 0.0
24.9 -1.6
24.7 -3.2
24.3 -4.7
23.7 -6.2
23.0 -7.7
22.2 -9.0
21.2 -10.3
20.1 -11.5
18.9 -12.5
17.6 -13.5
16.3 -14.3
14.8 -14.9
13.3 -15.4
11.7 -15.8
10.1 -16.0
24.9 2.5
25.0 0.9
24.9 -0.7
… …

theta 1 theta 2 theta 3
0.0 0.0 0.0
0.0 0.1 0.0
0.0 0.2 0.0
0.0 0.3 0.0
0.0 0.4 0.0
0.0 0.5 0.0
0.0 0.6 0.0
0.0 0.7 0.0
0.0 0.8 0.0
0.0 0.9 0.0
0.0 1.0 0.0
0.0 1.1 0.0
0.0 1.2 0.0
0.0 1.3 0.0
0.0 1.4 0.0
0.0 1.5 0.0
0.1 0.0 0.0
0.1 0.1 0.0
0.1 0.2 0.0
… … …



S3. Inverse Kinematics 적용

 Hand scan data 상에 10개의 landmark 정의, hand digit ratio 측정(편자세)

 개발된 ANFIS algorithm을이용하여 hand joint별자세추정

 Posable hand model에 hand joint별자세적용



S4. Hand Pose 비교평가

 Surface marker 기반자세측정방법 vs. Inverse kinematics 기반자세측정방법

 Surface marker based, Inverse kinematics based 관절별각도추정결과비교



Discussion

 Posable hand model 개발

 Adaptive neuro-fuzzy network를 이용한 Inverse kinematics 구현

 소규모 landmark를이용하여자세추정, surface marker 와유사/우수한성능
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Appendix



연구배경 (1/2)

 손은 5개의손가락및 18개의관절(27 자유도)로구성된정교한인체기관

 손은정교하고복잡한동작을요구하는다양한 manual work 수행시활용됨

25

손 전반 형상 및 관절 구성

의료기기(초음파 probe)

청소기 handle

Drill

다양한 handle design



연구배경 (2/2)

 인간공학적 handle 및 hand tool 개발을위해손파지자세및형상분석필요

 3D scanner를이용한 3차원손측정및형상분석이수행됨

26

3D scanner를 이용한 3차원 손 scan

Hand 3D scanner Scanned Hand

Hand data 
analysis

Hand data 
base model

Design 
analysis

… …

Target population’s 
hand anthropometry

Grip design process

Optimal grip design 
for target population

Fitness ↑, satisfaction ↑

Various hand posture

인간공학적 handle/hand tool 설계



연구필요성

 3D scan을통한손형상재구성의어려움

 손의얇고긴형태적인특성으로 3D scan으로온전한형상획득이어려움

 편자세외파지자세등은 3D scan 시가려져측정이불가능함

 3D scan 시일부접힘부위 missing으로형상보강및후처리필요

 손 3D scan의한계를보완하기위해 hand template model을이용한 3차원인체형상

기술의활용필요

27

낮은 품질의 손 3D scan 예 Template model을 이용한 형상 보강 예



기존연구의한계점

 기존 3차원인체형상기술및 template model은 computer graphics 분야에서
자연스러운 3D animation 구현등에주로활용됨

⇒ 3D 인체형상기술을파지류제품설계에적용활성화필요

⇒동작변화에따른체표길이, 둘레, 부피변화등인체치수변형특성분석

기술고도화필요

 기존 template model은 full body model로손의특성에최적화된모델은부족함

28

Computer graphics의 HBTM application 예 형상변형특성을고려한인간공학적제품설계예

Hip Protector 설계



연구목적

29

인간공학적제품설계를위한
3차원 Deformable Hand Template Model 개발

1. Human Template Model 유관문헌조사

2. Human Template Model 구성요소분석

3. 3D Hand Template Model 조사및개발

4. Deformable HTM Application 고찰



Skinning

Deformation

Pose control

Big Picture: Template Model 기반제품설계기술
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Digital Human Modeling 기술개발
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Machine learning & Deformation technique.
(Deep learning, CC algorithm, Implicit skinning)

Big Picture: Registration 기술개발

31

Landmark
coordination

(Manual 
landmarking)

Automatic 
detection of 

landmark
(CNN algorithm)

Fine 
registration
(Apply Non-rigid 

registration)

3D scan data
(target)

Template 
model

Landmark
(Defined on 
template)

Supporting 
technique

Scale 
adjustment

Scale model
(Apply affine 

transformation)

Size 
estimation

(Scale parameter 
calculation)

Posture
alignment

Posture 
articulation
(Apply skinning 

method to temp.)

Posture 
estimation

(Joint angle 
estimation)

Non-rigid
registration

Registration 
technique.

(Non-rigid ICP)

Source: Allen et al., 2003; Anguelov et al., 2005; Pishchulin et al., 2017

Initial 
Input data



Template Model 논문조사: 방법

 문헌조사 site: www.scopus.com

 검색조건: title, abstract, keyword

 검색분야별 keyword

 공통 Keyword: 3D scan, 3D Human, Body scanning, 3D human body, 3D hand

 Template model 관련: Meshed human model, mesh animation, template model, body 

segment, skeleton estimation, linear blend skinning, skinning mesh

 검색식구성방법: Title-abs-key((공통 Keyword) AND (세부분야 Keyword))

 검색식: TITLE-ABS-KEY(("3D scan" or "3D Human" or "Body scanning" or "3D human 

body" or "3D body scan“ or “3D hand”) and ("meshed human model" or "mesh animation" 

or "template model" or template or "skeleton animation" or "linear blend skinning" or 

"skinning mesh" or skinning))

32

http://www.scopus.com/


Template Model 논문조사: 결과

33

S1. Keywords 조합을통한 journal paper 검색

S2. Title screening을통한 1차선별

S3. Abstract screening을통한 2차선별

S4. 관련도에따라최종 review 대상논문선별

Title-abs-key를이용하여검색

85 건

36 건

33 건

상: 11건
중: 2건 13 건

유관분야로검색제한함
(예: computer graphics, ergonomics)



Template Model 논문 List

34

No. Year Author(s) Title Institute 중요도

1 2012 Ghosh et al. From Deformations to Parts: Motion-based Segmentation of 3D 
Objects Max Planck Institute (MPI) 상

2 2014 Loper et al. MoSh: Motion and Shape Capture from Sparse Markers Max Planck Institute (MPI) 상

3 2014 Tsoil Modeling the Human Body in 3D: Data Registration and Human 
Shape Representation Max Planck Institute (MPI) 상

4 2011 Tsoil and Black Shape- and Pose-Invariant Correspondences using Probabilistic 
Geodesic Surface Embedding Max Planck Institute (MPI) 상

5 2014 Tsoil et al. Model-based Anthropometry: Predicting Measurements from 3D 
Human Scans in Multiple Poses Max Planck Institute (MPI) 상

6 2014 Jacobson et al. Bounded Biharmonic Weights for Real-Time Deformation Interactive Geometry Lab, 
ETH IGL, Switzerland 상

7 2004 O. Sorkine et al. Laplacian Surface Editing Interactive Geometry Lab, 
ETH IGL, Switzerland 상

8 - K. Takayama et al. Sketch-Based Generation and Editing of Quad Meshes Interactive Geometry Lab, 
ETH IGL, Switzerland 상

9 2014 Jacobson et al. Bounded Biharmonic Weights for Real-Time Deformation IBV, Spain 상

10 2015 Reed et al. Statistical Prediction of Body Landmark Locations on Surface Scans UMTRI, US 상

11 2017 Romero et al. Embodied Hands: Modeling and Capturing Hands and Bodies 
Together

ACM Transactions on 
Graphic / MPI - PS 상

12 2004 Moccozet et al. Animatable Human Body Model Reconstruction from 3D Scan Data 
using Templates

MIRA Lab, University of 
Geneva, Switzerland 중

13 2011 Yeh et al. Template-Based 3D Model Fitting Using Dual-Domain Relaxation National Cheng-Kung 
University 중



Human Body Template Model (HBTM)

 Template model은정교한 human surface mesh model의복합체

 Bone(CoR 포함), skin, landmark 등으로구성되며각요소별특성정보포함

 Skin 및 bone은 triangle의복합체로구성된 polygon mesh (vertex, node 포함)
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Triangular or 
tetragonal vertices

Polygon mesh

Point-cloud vertex

Human surface mesh model 예Polygon mesh 구성요소



Template Model 구성요소: Surface Mesh

 적정수의 vertex 및 node: 3D registration 효율을고려한적정수도출

 인체기준점(landmark): 효율적인인체치수측정을위한기준점

36

High-resolution HBTM Low-resolution HBTM Landmark 예시



Template Model 구성요소: Skeleton & Joint

 Skeleton 및 joint center: 인체형상및자세를고려한 skeleton link 생성

37

IBV, Spain EDT Lab (POSTECH)



Template Model 구성요소: Body Segment

 Body segmentation: 자세변형시신체부위별변형특성고려
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Segmentation of body parts 
(# segment = 15)

1

23

4

5

6

7

8
9

10

11

12

13

14

15

Segmentation of body parts 
(# segment = 19)

Segmentation of body parts 
(# segment = 16)

IBV, Spain Perceiving Systems Lab, Germany EDT Lab (POSTECH)



Hand Model 논문 List

39

No. Year Author(s) Title Source / Institute 중요도

1 2014 Endo et al. Dhaiba: Development of Virtual Ergonomics Assessment System 
with Human Models AIST (Japan) 상

2 2017 Romero et al. Embodied Hands: Modeling and Capturing Hands and Bodies 
Together

ACM Transactions on 
Graphic / MPI – PS 상

3 2011 Buczekl et al. Kinematic performance of a six degree-of-freedom hand model 
(6DHand) for use in occupational biomechanics Journal of Biomechanics 상

4 2011 Oikonomidis et al. Full DOF tracking of a hand interacting with an object by modeling
occlusions and physical constraints

International conference on 
Computer Vision (ICCV) 중

5 2013 Sridhar et al. Interactive Markerless Articulated Hand Motion Tracking using RGB 
and Depth Data

International conference on 
Computer Vision (ICCV) 중

6 2016 Tkach et al. Sphere-meshes for real-time hand modeling and tracking. ACM Transactions on 
Graphics 중

7 2014 Schmidt et al. DART: Dense Articulated Real-Time Tracking In Robotics: Science and 
Systems 중

8 2016 Tzionas et al. Capturing Hands in Action using Discriminative Salient Points
and Physics Simulation

International Journal of 
Computer Vision (IJCV) 중

9 2015 Khamis et al. Learning an Efficient Model of Hand Shape Variation from Depth 
Images

In IEEE Conference on 
Computer Vision and 
Pattern Recognition

(CVPR)

중

10 2015 Oberweger et al. Training a Feedback Loop for Hand Pose Estimation International conference on 
Computer Vision (ICCV) 중



Dhaiba Hand Model: AIST (Endo et al., 2014)

 3D scan 및 motion marker data를이용하여 deformable, reposable 모델생성

 Grasp comfortability에기반한 optimal grip 추정방법적용및접촉면분석
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6 DoF Hand Model: Buczek et al., 2011

 Hand model 개발시손 segment를기준으로 (1) flexion/extension, (2) ulnar/radial
deviation, (3) pronation/supination, (4) radial, (5) palmar, (6) proximal translation 고려

41

Anatomical 
landmarks

Defining LRF : 
center of mass

During the calibration 

Defining axes

During dynamic activities

rp: local position vector

Metacarpals

Result in 
spuriously large 
magnitudes



Embodied Hand Model: MPI (Romero et al., 2017)

 다양한손자세및손형상을학습하여낮은품질의 scan data에도높은정확도및

성능으로 target scan data에정렬되는 hand template model 및인체형상기술개발

 기존전신정렬기술(Loper et al., 2015)에손의특성을분석및적용하여전신및

손을함께처리할수있는인체형상기술제안

42

Hand posture & shape learning High quality hand template registration 예

Original scan Registered template



Hand Template Model (HTM) 개발절차
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Hand mesh (medium size) 획득

Mesh editing & vertex reduction

Landmark 삽입

Mesh separation (segmentation)

Weight calculation 

 Weight: hand mesh 상의 vertex의상대적인중요도

 CoR로부터거리를기반으로계산됨

 Blender S/W를이용하여연산

 선행연구(Lim, 2018) 결과를이용하여 CoR 도출

(Delonge Kasa Method 활용, fixed CoR 도출)
 Link model 생성및 hand bone 적용

 Size Korea 2010 손직선길이기준 medium size 
male에해당하는손 scan 및후처리

 Vertex reduction: target vertex 15,000 ~ 20,000
되도록 mesh reduction 수행

 16개 hand region segmentation

 손등: 59개 landmark
 손바닥: 16개 landmark 

Joint CoR (Center of Rotation) 추정

Link 생성및 bone structure 적용



HTM 개발: Surface Model

 평균크기(50th%ile)의 3D hand scan을가공하여 hand template 개발
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Hand TemplateOriginal CT-Scan (Medium size)

edited

• Hole filling
• Smoothing
• Symmetrizing

Vertex: 19,755
Face: 39,408

Vertex: 521,495
Face: 1,039,164



HTM 개발: Joint Center of Rotation

 정교한 body & hand joint CoR 정의(fixed & instantaneous joint CoR)

 Simplified body & hand link model 정의가능
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 Vertex: 54,589
 Face: 108,979

Hand joint CoR 적용 예Accurate hand joint CoR



HTM 개발: Joint Center of Rotation 추정방법(Lim et al. 2018)

 Delong-Kasa 방법적용: landmark trajectory를이용하여 fixed joint CoR 추정

 CoR estimation steps
 S1. 10가지 natural grasping 자세의 bone surface data에서동일지점의 landmark 선정

 S2. bone surface 상의 landmark trajectory에 least square error를 최소화하는 circle fitting 
및 center of rotation 도출

KASA. (1976). A Circle Fitting Procedure and Its Error Analysis. IEEE TRANSACTIONS ON INSTRUMENTATION AND MEASUREMENT, 8-14.

PIP DIP

Estimated 
Fixed CoR

Landmark

Trajectory of 
landmark

sagittal view 
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HTM 개발: Joint CoR 도출및 Link Model 생성

47

CoR 기반 hand link 생성 (digits 1~5)Hand Joint CoR 추정결과

Digits Joint
Coordinates

X Y Z

Digit 2

Tip -4.15 -6.1 -98.16

DIP -1.85 -9.36 -76.81

PIP 0.45 -13.83 -52.38

MCP 0.67 -29.17 -10.23

Digit 3

Tip -23.77 -4.15 -105.64

DIP -22.06 -9.28 -82.88

PIP -20.78 -16.39 -55.17

MCP -19.68 -25.48 -6.63

Digit 4

Tip -43.83 -4.55 -93.14

DIP -42.38 -8.59 -70.29

PIP -40.14 -12.9 -43.96

MCP -35.41 -18.21 0.8

Digit 5

Tip -68.04 -2.59 -65.44

DIP -65.42 -6.25 -44.81

PIP -60.51 -10.26 -26.71

MCP -52.06 -12.32 8.34

Digit 1

Tip 31.47 -6.79 -41.49

IP 31.65 -11.61 -16.29

MCP 29.43 -12.17 17.01

CMC 12.24 -16.7 48.18

Wrist -20.47 -17.32 70.64

 Vertex: 19,755
 Face: 39,408



HTM 개발: Weight Calculation

 Hand joint center 위치에따른 surface vertex의 weight (range: 0 ~ 1) 연산

 Blender를이용하여 weight 연산및 CSV format으로출력가능

1. Blender interface

3. Weight calculation command

2. CoR coordinate input
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HTM 개발: Hand Landmark (1/3)

 손치수측정에활용되는손등/손바닥부위의주요 landmark 75개선정
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Digit 1

Digit 2Digit 3Digit 4

Digit 5 Tip

DIP point

PIP point

MCP point

IP point

DTC point

Wrist crease baseline

Digit 1 base

Head of the 
1st metacarpal

MMC point

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21
22

2324

2526

2728

2930

31
3233

34

35
36 37

38

3940

41

42
43

44
45 46

47

48
49 50

51

52

53
54

55 56 57 58 59

No. Name No. Name

1 The tip of digit 1 21 Digit 2 distal interphalangeal joint - radial

2 Digit 1 interphalangeal joint 22 Digit 2 distal interphalangeal joint - ulnar

3 Head of the first metacarpal 23 Digit 2 proximal interphalangeal joint – radial

4 The base of digit 1 24 Digit 2 proximal interphalangeal joint - ulnar

5 The tip of digit 2 25 Digit 3 distal interphalangeal joint – radial

6 Digit 2 mid-point of third crease 26 Digit 3 distal interphalangeal joint – ulnar

7 Digit 2 mid-point of second crease 27 Digit 3 proximal interphalangeal joint – radial

8 Digit 2 mid-point of first crease 28 Digit 3 proximal interphalangeal joint – ulnar

9 The tip of digit 3 29 Digit 4 distal interphalangeal joint – radial

10 Digit 3 mid-point of third crease 30 Digit 4 distal interphalangeal joint – ulnar

11 Digit 3 mid-point of second crease 31 Digit 4 proximal interphalangeal joint – radial

12 Digit 3 mid-point of first crease 32 Digit 4 proximal interphalangeal joint – ulnar

13 The tip of digit 4 33 Digit 5 distal interphalangeal joint – radial

14 Digit 4 mid-point of third crease 34 Digit 5 distal interphalangeal joint – ulnar

15 Digit 4 mid-point of second crease 35 Digit 5 proximal interphalangeal joint – radial

16 Digit 4 mid-point of first crease 36 Digit 5 proximal interphalangeal joint – ulnar

17 The tip of digit 5 37 Palm breadth – radial edge

18 Digit 5 mid-point of third crease 38 Crotch 2

19 Digit 5 mid-point of second crease 39 Crotch 3

20 Digit 5 mid-point of first crease 40 Crotch 4

75개 hand landmark



HTM 개발: Hand Landmark (2/3)

 손바닥부위의주요 landmark 59개선정

Digit 1

Digit 2Digit 4

Digit 5 Tip

DIP point

PIP point

MCP point

IP point

DTC point

Wrist crease baseline

Digit 1 base

Head of the 
1st metacarpal

MMC point

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21
22

2324

2526

2728

2930

31
3233

34

35
36 37

38

3940

41

42
43

44
45 46

47

48
49 50

51

52

53
54

55 56 57 58 59

No. Name

41 Palm breadth – ulnar edge

42 Proximal transverse palm crease - ulnar

43 Digit 2 distal transverse crease (DTC)

44 Digit 3 distal transverse crease (DTC)

45 Digit 4 distal transverse crease (DTC)

46 Digit 5 proximal transverse crease (PTC)

47 Proximal transverse palm crease - radial

48 Digit 2 mid-metacarpal (MMC)

49 Digit 3 mid-metacarpal (MMC)

50 Digit 4 mid-metacarpal (MMC)

51 Digit 5 mid-metacarpal (MMC)

52 Base of the first metacarpal 

53 Ulnar edge of the distal wrist crease

54 Radial edge of the distal wrist crease

55 Digit 1 distal wrist crease

56 Digit 5 distal wrist crease

57 Digit 4 distal wrist crease

58 Digit 3 distal wrist crease

59 Digit 2 distal wrist crease

Digit 3
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HTM 개발: Hand Landmark (3/3)

 손등부위의주요 landmark 16개선정

Digit 1

Digit 2
Digit 3

Digit 4

Digit 5

72

63

73

7471

75

70

69
66

67

6865

64

60

61

62

DIP point

PIP point

MCP point

Wrist point

No. Name

60 Digit 1 distal phalangeal joint - dorsal

61 Digit 1 proximal phalangeal joint – dorsal

62 Digit 1 metacarpal joint - dorsal

63 Digit 2 distal phalangeal joint – dorsal

64 Digit 2 proximal phalangeal joint – dorsal

65 Digit 2 metacarpal joint – dorsal

66 Digit 3 distal phalangeal joint – dorsal

67 Digit 3 proximal phalangeal joint – dorsal

68 Digit 3 metacarpal joint – dorsal

69 Digit 4 distal phalangeal joint – dorsal

70 Digit 4 proximal phalangeal joint – dorsal

71 Digit 4 metacarpal joint – dorsal

72 Digit 5 distal phalangeal joint – dorsal

73 Digit 5 proximal phalangeal joint – dorsal

74 Digit 5 metacarpal joint – dorsal

75 Wrist (origin)

1

5
9

13

17

51



HTM 개발: Segmentation

 Hand landmark를기준으로손가락및손부위를 16가지영역으로 mesh 분리
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Hand mesh separation 예 Hand mesh separation 및 weight 적용예



HTM 개발결과
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Hand region segmentationCoR estimation 결과

Digits Joint
Coordinates

X Y Z

Digit 2

Tip -4.15 -6.10 -98.16

DIP -1.85 -9.36 -76.81

PIP 0.45 -13.83 -52.38

MCP 0.67 -29.17 -10.23

Digit 3

Tip -23.77 -4.15 -105.64

DIP -22.06 -9.28 -82.88

PIP -20.78 -16.39 -55.17

MCP -19.68 -25.48 -6.63

Digit 4

Tip -43.83 -4.55 -93.14

DIP -42.38 -8.59 -70.29

PIP -40.14 -12.90 -43.96

MCP -35.41 -18.21 0.80

Digit 5

Tip -68.04 -2.59 -65.44

DIP -65.42 -6.25 -44.81

PIP -60.51 -10.26 -26.71

MCP -52.06 -12.32 8.34

Digit 1

Tip 31.47 -6.79 -41.49

IP 31.65 -11.61 -16.29

MCP 29.43 -12.17 17.01

CMC 12.24 -16.70 48.18

Wrist -20.47 -17.32 70.64  Vertex: 19,755
 Face: 39,408

Hand bond & joint CoR



HTM 개발결과
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HTM Application: Template Registration (1/3)

 표준자세(standing posture)로측정된 3D body scan에 Template Model을정렬

 Template registration 방법은기존 3D scan 시획득이어려운접힘부등의 missing 
part에대하여기존인체 database를이용한보강시유용함
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Template Target

Template Target

Registered template Processed target

Registered template Processed target

Human Body Template Model을 이용한 형상 보강 예



HTM Application: Template Registration (2/3)

 Template의 vertex i와 target scan의 vertex j의 mapping 및 transform 문제

 Mapping 시 CC algorithm 적용, transform 시 affine transformation 적용

Transformation

Template Target scan

Appling affine 
transformation 
matrix

Finding 
correspondence
(CC algorithm)

Calculation of
scale, rotation, 
translation
(face normal)

Segmentation

 Data term (vertex coordination)
 Smoothness term (similar affine transformation to vertex which belongs to the same face
 Landmark term (distance among the landmarks of Template & Target scan 
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Template Registration (IBV, Spain): Video

57
※ Source: Euro fit project, IBV, Spain

Posing of Template ⇒ Pre-processing of Body Scan ⇒ Fitting of Template to Body Scan 






Template Registration (Hao Li): Video

 최근에개발되고있는기술은다른자세, incomplete scan data에도높은성능의

registration 성능을보임
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HTM Application: Posture Control

 3D scan 기준자세(standing, neutral)로측정된기존 3차원인체형상데이터를

다양한자세로자세변경가능

 특정자세(e.g., 제품사용자세등)로의변형후인체계측등에활용가능
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기준자세 scan data
(CAESAR data, Size Korea 3D data)

특정자세로 3d data 변환특정자세측정 scan data



HTM Application: Posture Control 적용예 (Implicit Skinning)

 중립자세의 hand template에 implicit skinning 방법을적용하여자연스러운변형이

적용된손자세도출



HTM Application: Automatic Anthropometry

 HTM 상에기존에정의된 landmark에의하여인체부위의형상(e.g., 곡률, 면적등) 
및치수(e.g., 길이, 각도, 둘레길이등) 측정

 Template matching 시 template model 상의 landmark, joint CoR, skeleton의
위치도함께정렬되어변형된 HBTM 상의 landmark를활용하여자동으로치수,
형상및자세분석
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253

335

3차원 scan data의 landmark 자동 추출 기술Template Model을 이용한 인체 치수 측정



HTM Application: Pressure Estimation

 제품사용및파지자세로변형된 HTM과제품간의접촉부위의물성을고려한

손-제품간변형특성분석필요

 제품의물성 data 및손부위물성 data library 수집및유한요소손모델(finite 
element human hand model) 개발예정
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유한요소인체모델(Hand Model)개발예시 Pressure estimation 예시

Harih and Tada (2016)James et al. (2012) Harih et al. (2017)



HTM Application: Product Design

 Template model의치수및형상정보를제품설계인자(design dimension) 와
연동하면사용자의인체크기및형상에따른맞춤형제품형상설계시효율적으로

활용가능함
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(1) 제품설계주요변수(variable) 정의

(2) Template model의인체변수(variable) 정의

(3) 제품설계변수-인체변수간 연동

(4) 맞춤형자동설계치수제공

인체 형상 기반 맞춤형 제품 설계 절차 및 적용 예

대상인구
변화

설계치수
변화

Handle width

Handle lengthHandle curvature



Discussion (1/3)

 본연구는문헌조사를통하여 Human Body & Hand Template Model을조사하고

활용성을파악함

 인체치수및형상의자동측정가능함

 다양한자세로변형가능

 인체-제품 간상호작용시변형특성예측가능

 인체부위별특성을고려한 Human Body & Hand Template Model을개발하면

제품설계시효율적으로활용가능함

 Whole body template 외 face template, hand template 개발
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Whole body template Face template Hand template



Discussion (2/3)

 Hand template model 및인체형상기술은개인맞춤화를필수적으로요구하는

dynamic scan data 기반 wearable handle 제품설계시적극적으로활용가능

 재활치료및의수제작

 Exoskeleton 및 hand robot interface 

 전투기 joystick과같은복잡한형태의 customized handle 제품설계
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의수제작예 Exoskeleton 개발예 Customized handle design 예



Discussion (3/3)

 개발된 deformable human body template model을기반으로 3D registration 기술, 
자세변형기술을적용하여다양한제품사용자세에서의인체형상획득및분석

예정

 Virtual fitting, FEM 분석기술및 parametric design 기술을적용하여개인인체

특성이반영된최적제품형상설계방법론구축
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Phase 2: 인체형상분석기술개발 Phase 3: 최적설계

Skinning

Deformation

Pose control

Human Body
Template Model

Template 
Registration

Posture 
Change

Feature 
Extraction

Point cloud

Triangle mesh

Joint CoRs

Skeleton & link

Landmarks

Body segments

Deformation 
characteristics

Rough initial 
registration

Scale adjustment

Pose adjustment

Fine fitting 
(Non-rigid ICP)

치수자동측정

자세분석

Pressure
Estimation

Parametric
Design

FEM 분석

개인맞춤형
제품설계



Q & A
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Template Registration 논문 List
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No. Year Author(s) Title Source / Institute 중요도

1 2017 Pishchulin et al. Building statistical shape spaces for 3D human modeling Pattern Recognition / MPII 상

2 2003 Allen et al. The space of human body shapes - reconstruction and 
parameterization from range scans

ACM Transactions on Graphics / 
Washington University 상

3 2005 Angulove et al. SCAPE: Shape Completion and Animation of People ACM Transactions on Graphics / 
MPI - PS 상

4 2005 Allen Learning body shape models from real-world data Dissertation of Washington Univ. / 
MPI - PS 상

5 2014 Rodola et al. Robust Region Detection via Consensus Segmentation of 
Deformable Shapes

Computer Graphics Forum / TU 
Munich 상

6 2011 Jacopson et al. Bounded Biharmonic Weights for Real-Time Deformation ACM Transactions on Graphics / 
ETH Zurich IGL 상

7 2008 Li et al. Global Correspondence Optimization for Non-Rigid 
Registration of Depth Scans

Eurographics Symposium on 
Geometry Processing / Hao Li 상

8 2010 Myronenko and 
song Point Set Registration: Coherent Point Drift

IEEE Transactions on Pattern 
Analysis and Machine Intelligence 
/ OHSU

상

9 2017 Romero et al. Embodied Hands: Modeling and Capturing Hands and 
Bodies Together

ACM Transactions on Graphic / 
MPI - PS 상

10 2005 Anguelov et al. The Correlated Correspondence Algorithm for Unsupervised 
Registration of Nonrigid Surfaces

Advances in Neural Information 
Processing Systems 상

11 2004 Sumner and Popovic Deformation Transfer for Triangle Meshes ACM Transactions on Graphic 상

12 2014 Bonarrigo et al. Deformable registration using patch-wise shape matching Graphical Models / Hao Li 상



Hand Template Model (HTM) 개발

 평균크기(50th%ile)의 3D human model을가공하여 test template model 개발
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Template (test model)Original image (CAESAR data)

edited

• Hole filling
• Smoothing
• Symmetrizing



State of the Art Hand Model: 검색방법

 검색 site: www.google.co.kr

 검색 keyword: (“3D” or “digital”) and (“hand model”) and (“ergonomic”)

 검색결과: Dhaiba (Digital Human Aided Basic Assessment system) model (Kouchi, 
2005)

Digital hand to assist design of products Dhaiba model

http://papers.sae.org/2006-01-2345/http://www.dh.aist.go.jp/research/centered/digi
talhand/index.php.en

http://www.google.co.kr/
http://papers.sae.org/2006-01-2345/
http://www.dh.aist.go.jp/research/centered/digitalhand/index.php.en


State of the Art Hand Model: Dhaiba Model (2006)

 Dhaiba is a visualization software platform (VirTools®) supports the design of 
human-compatible products

 Dhaiba integrates
 Human motions with strategy differences

 Subjective assessment of usability

 Dhaiba model can be implemented to link structure model, surface skin model



Further Researches Based on Dhaiba Model (Endo et al., 2007)

 Virtual Grasping Assessment Using 3D Digital Hand Model (Endo et al., 2007)

 Dhaiba Model based grip analysis (posture, grip point, hand shape, etc.) system



Further Researches Based on Dhaiba Model (Endo et al., 2007)

 Analyzing natural grasping motion using developed algorithm

 Surface skin deformation, natural grasping motion part was added to Dhaiba Model

Original Dhaiba Model Developed Algorithm’s Flow



Further Researches Based on Dhaiba Model (Endo et al., 2007)

 Natural grasping procedures
 Input initial information and goal points to generate precise hand grip as parameters

 Optimal hand grip posture was generated to maximize number of contact points



Recent Research: AIST

 Fast Grasp Planning for Hand/Arm Systems Based on Convex Model(Harada K. et al., 2008)

 Ananalysis of hand measurements for digital hand models (Kasai S. et al., 2003) 
XVth Triennial Congress, International Ergonomics Association (IEA2003), 2003



Recent Research: AIST 

 AIST Reference site
 http://www.aist.go.jp/aist_e/aist_google_search_e.html?cx=004983608496508821980:avdsyoeo0bu&co

f=FORID%3A10&ie=UTF-8&q=hand

 http://www.dh.aist.go.jp/en/research/centered/dhand-link2/

 http://www.dh.aist.go.jp/en/research/centered/dhand-link1/

 https://unit.aist.go.jp/hiri/en/topics/06.html

 http://www.dh.aist.go.jp/en/research/centered/digitalhand/

http://www.aist.go.jp/aist_e/aist_google_search_e.html?cx=004983608496508821980:avdsyoeo0bu&cof=FORID:10&ie=UTF-8&q=hand
http://www.dh.aist.go.jp/en/research/centered/dhand-link2/
http://www.dh.aist.go.jp/en/research/centered/dhand-link1/
https://unit.aist.go.jp/hiri/en/topics/06.html
http://www.dh.aist.go.jp/en/research/centered/digitalhand/


Literature 검색방법: Research Group 검색

 Human body model, 3D scan technique 분야의주요 research group을파악하고

연구관련문헌조사, 유관문헌수집예정

 주요연구 group list
 Max Planck Institute for Perceiving Systems, Germany

 Advanced Industrial Science and Technology, Japan

 Max Planck Institute for Informatics, Germany

 Hao Li @ University of Southern California, USA

 Instituto de Biomechania de Valencia, Spain

 Interactive Geometry Lab, ETH, Switzerland

 Computer Vision Group, TU muchen, Germany
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Hand template benchmarking 대상

3D registration benchmarking 대상



Perceiving Systems Lab (Max Planck Institute)

 Template model 기반 body shape, body deformation 형상연구선도 group

 Full body model 및 hand, foot 등다양한인체부위 template 연구수행중

 Link: https://ps.is.tuebingen.mpg.de/
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https://ps.is.tuebingen.mpg.de/


AIST (Advanced Industrial Science and Technology)

 AIST Digital Human Research Group (DHRG)에서 hand template model 및 design 
응용연구수행

 Link: http://www.dh.aist.go.jp/en/
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http://www.dh.aist.go.jp/en/


Informatics Lab (Max Planck Institute)

 MPI for intelligent system과는별개의연구그룹으로 CAESAR data 기반 body 
template model 연구성과공유

 Link: http://humanshape.mpi-inf.mpg.de/
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http://humanshape.mpi-inf.mpg.de/


Hao Li (Univ. of Southern California)

 3D scan data 처리분야에다양한논문및연구성과공유

 Pinscreen, Inc,. CEO 및 co-founder
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IBV (Instituto de Biomecanica)

 IBV anthropometry research group은 Eurofit project를비롯하여 body template 
model 기반 anthropometry 분야에서다양한연구활동을수행중

 상용 application(e.g., Make Human) 개발및배포

 Link: https://anthropometry.ibv.org/en/publications.html
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https://anthropometry.ibv.org/en/publications.html
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