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Abstract. This study proposed a method to construct an anatomy-based 
variational modeling of a Digital Hand model, which can be used to efficiently 
generate various individual hand models with different dimensions for virtual 
ergonomic assessments. The skin surface of a generic hand model was 
hierarchically partitioned into 15 segments according to the hand surface 
anatomy. Then it was deformed by scaling and aligning the segments so that it 
satisfied individual hand dimensions. Moreover, the hand models of different 
hand postures with markers were reconstructed using a multi-view 3D model 
reconstruction technique. The extracted positions of markers were used to 
estimate the individual bone-link structure. The proposed method was validated 
through comparing the generated hand skin model which fitted the hand 
dimensions of a subject with his MRI-measured hand surface, and comparing 
the generated bone-link structure, which fitted joint motion of the subject, with 
the reconstructed hand models based on a multi-view 3D reconstruction 
technique. 

1 Introduction 

Recently, virtual ergonomic assessment of handheld products has gotten more 
attention. Compared with conventional ergonomic assessment, it has many 
advantages such as low cost, high efficiency, and enabling to obtain quantitative 
evaluation of handheld products. This research group has been proposing the Digital 
Hand which is a virtual hand model based on MRI measurements (Endo et al., 2008; 
Kawaguchi et al., 2009; Shimizu et al., 2010). It has high precision and virtual 
ergonomic assessment functions of the quality of grasp.  

However, the MRI-based hand modeling requested subjects to take a long time 
and difficult measurements. Also, constructing a hand model was very time-
consuming, because it needs numerous manual operations. Thus, this technique 
could not generate a lot of hand models in such a short amount of time. However 
human hands have a variety of sizes depending on different individuals, ages, 
genders and nationalities. Therefore, a method is needed to generate different 
individual human hand models with variations in a relatively simpler way than that 
of the previous works.  
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To solve the problem, the purpose of this research was to propose a variational 
modeling method where a 3D hand model with a specific size could be efficiently 
generated from an existing reference hand model in a simple way, and where the size 
variation both of the surface skin model and the internal bone-link structure could be 
easily obtained. There have been some similar works. Kouchi et al. (2005) utilized 
factor analysis to evaluate 82 measurements from 103 Japanese subjects, and then 
found two principle factors to represent the dimensions of Japanese hands. The 
individual hand models could be created by scaling a generic hand by the 
optimization process. However, because this work only dealt with the hand skin 
variation in a static hand posture, there was a lack in the variation for the internal 
bone-link structure. On the other hand, Rhee et al. (2006) proposed a variational hand 
modeling method based on a palm side photo, and the finger joint centers were 
estimated according to the position of the main creases on the palm side. Although, 
the thickness of the hand was ignored in their method, and the estimated joint centers 
were not verified dynamically in different hand postures.  

 

Fig. 1. Outline of the proposal method 

The overview of this research is shown in Fig. 1. An anatomy-based variational 
skin modeling of the Digital Hand was proposed. First, the hand surface feature 
dimensions of individuals were measured using a caliper. According to anatomical 
knowledge, the main creases on palm side were used to partition the skin surface into 
15 segments. Also, a hand model with size variation by scaling and aligning 
hierarchical segments of a reference hand was constructed. The dimension of the 
generated hand model with the size variation was verified by comparing it with the 
precise MRI measurements of the hand of the same subject.  

On the other hand, an anatomy-based variational bone-link structure modeling of 
the Digital Hand was designed. First, multi-view photographs of a hand with markers 
of a subject were taken by an experimental device. Then they were used to reconstruct 
the models of different hand postures based on a multi-view 3D reconstruction 
technique. The extracted positions of markers were used to estimate the joint 
parameters (joint centers and their axes) of the bone-link structure. The generated 
bone-link structure was verified by comparing it with the reconstructed hand model. 
Finally, the generated bone-link structure and hand skin model were aligned at the 
fingertip to obtain a complete Digital Hand. 
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In the structure, each segment was assigned to at least one child, or parent segment, or 
both. Fingertip segments (T1, I1, M1, R1, and S1) were specified as end segments, 
and the palm segment (P) as a root segment. 

2.3 Scaling and Aligning 

As shown in Fig.3, a local coordinate frame was defined in each hand segment. All 
the coordinate frames have z-axes paralleled to a normal vector of a plane on which 
the subject’s palm was laid. In each coordinate frame, the x-axis direction was defined 
along the direction of the creases and the wrist. An origin was defined as the middle 
point of the crease and wrist both of which were assumed to be placed in a 2D plane. 

For each segment, it was scaled along its local coordinate axes independently along 
x, y and z according to the anisotropic scale factors fx, fy and fz defined in Eq.1. 

 
(1)

where i is the ID of the segment, and 
M
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corresponding feature dimensions of the generic hand skin model as shown in Fig.3.  
For each segment (e.g. B in Fig.4 (a)), the scaling process along the local y-axis 

affected the positions of its child and successor segments (e.g. A). Therefore, 
alignment was needed from those segments to their parent segment (Fig.4 (c)) so that 
the con-nection between the segments could be kept. For all segments, according to 
the hier-archical structure, the one segment orderly from the root segment to end 
segments was arranged by the above scaling and aligning process. Finally, a 
variational hand skin model of the Digital Hand could be obtained from the original 
reference skin hand. 

 
 

  

Fig. 3. The local coordinate frame and 
dimensions of one segment 

Fig. 4. The scaling and aligning process 

3 Variational Bone-Link Structure Modeling Method 

In the previous study (Shimizu et al., 2010), MRI measurements of subject’s 
phalanges were used to estimate the bone-link structure of the hand model. In order to 
avoid the expensive and time-consuming MRI measurements, an inexpensive and 
non-contact image-based measurement method was instead proposed for the 
estimation of the parameters of the bone-link structure. 
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For verifying variational skin modeling, a 3D mesh model of the hand of the same 
subject was measured by an MRI. Therefore a precise measurement of the hand 
surface feature dimensions could be obtained with mesh modeling software. By 
comparing the MRI-measured feature dimensions with those of the variational surface 
model by the proposed method, it was found that the average difference between the 
corresponding segments were 1.3 mm, 0.7mm, and 0.9 mm in x (Breadth), y (Length) 
and z (thickness) directions, respectively. The maximum difference that appeared in 
the MP crease of the thumb was 2.5mm in the x direction, as shown in Fig.9 (b). The 
dimension of M1 was less than that of S1. These differences came from deformation 
of the skin by pressure of caliper in the x and the z directions, and accuracy of 
measurement in the x, y and z directions. 

On the other hand, the bone-link structure B1 (Fig.9 (d)) of S1 was generated based 
on the reconstructed 3D hand mesh model of the different postures of S0’s hand. 
Fig.9 (e) shows a bended posture of M1 and B1. The average motion error of each set 
of markers moved from the reference posture to each limit posture among the four 
fingers B1 is shown in Table 2. For the reference, the motion errors that were only 
generated by using ICP are also indicated in the table, which shows inevitable lower 
limits of the errors. From Table 2, the average motion errors by this method (single 
axis rotation) were 0.37 - 0.76mm, and the difference between the ICP and the 
proposed method were 0.20mm or less, which may be regarded as the acceptable one. 

Table 2. Average motion errors of four fingers at each limit posture motion [mm] 

 Flexion posture Abduction 
Markers at Proximal Middle Distal Proximal 
Errors by ICP 0.22 0.47 0.56 0.25 

Errors by the 
proposed method  
(single axis rotation) 

0.42 0.62 0.76 0.37 

5 Conclusion 

A new anatomy-based variational modeling of a Digital Hand was proposed which  
is simple, subject-friendly and inexpensive compared to previous work. The variation 
of the external skin model was generated by aligning and scaling the hierarchical 
segments of hand. For the variations of the internal bone-link structure, the center and 
the axis of each joint of the fingers were estimated by the position of markers of  
the reconstructed hand model by an image-based modeling technique. The finger 
motion could be accurately reproduced accurately. However, the CMC joint of  
the thumb has not been modeled in this research, because it cannot be modeled as a 
simple single axis rotation. In the future, the CMC joint motion of the thumb will be 
modeled utilizing the interpolation between the reference posture and the limit 
posture. 
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