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Abstract 
We present a system for the animation of human hand that 
plays violin. Neural network controls the hand movement. 
We make use of an optimization method to generate the 
examples for the neural network training. The musical 
decision of which finger to use is automatically made by 
best first search. We will show that the movements of 
violinist’s hands are physically and musically feasible, and 
that the musical decisions are consistent with those 
recommended in the violin pedagogy. A description of 
system, the results of the decisions, and the animations are 
presented. 
 

1. Introduction 

Visualization of human hand movement is a difficult 
problem. Until present, researchers have developed 
animation system of grasping motion [5,13], and sign 
language generation system [6]. In this paper, we present a 
system for the animation of human hand that plays violin. It 
poses several unprecedented challenges: 
First, the movement of fingers and hands are more 
complicated than that of other activities, such as grasping. 
Thus we have to deliberately control the movements of 
each finger and hand to play a score. We make use of a set 
of neural networks (NN), where each NN is dedicated to 
each hand configuration.  
Second, a musical score does not usually contain all the 
necessary information to play it. It does not specify every 
fingering; i.e., which finger to touch which string of violin. 
Thus it is up to the violinist to make such decisions. A 
series of researches have been focused on the fingering 
determination [9,14]. They make use of a set of rules 
inspired by the music pedagogy to decide fingering. Our 
system enjoys several advantages over such rule-based 
fingering determination methods: (1) the fingering can be 
determined according to different physical dimension or 
joint limits of the hands or fingers, as well as musical 
factors such as intensity and speed, (2) the method can be 
easily extended to the polyphonic score, whereas the 
number of rules must be unmanageably increased in the 
rule-based method. 
We will show that the movements of violinist’s hand are 
physically and musically feasible, and that the decisions on 

fingering coincide with or are similar to those 
recommended in the violin pedagogy. This paper is 
organized as follows: In section 2, we will present the 
related works. The system overview is given in section 3, 
the detailed explanations will be given in section 4 to 
section 9. We will present the results of musical decisions 
for the existing musical scores and some snapshots of the 
animations in section 10. 

2. Related works 

Since the seminal work of Ridsdale [12], neural network 
has been used as the one of the primary tool for motion 
control in the computer animation field. Panne and Fiume 
[8] developed “Sensor-Actuator Networks” for the 
physically-based animation of objects. The user supplies 
the configuration of a mechanical system, and then many 
possible modes of locomotion for the given objects are 
generated automatically by genetic algorithm. Sims [16] 
produced “Virtual Creatures” with neural network-based 
controller that generates motion signal according to sensory 
inputs. More recently, Grzeszczuk et al. [3] has shown that 
“NeuroAnimator” can replace physically based animation 
with marginal difference but orders of magnitude faster 
simulation time.   
Until present, many researches have concentrated on the 
human hand animation. Rijpkema [13] and Huang et al. [5] 
developed knowledge-based grasp animation. Lee and 
Kunii [6] proposed a system that is capable of translating 
text from a natural language into animated sign language. 
On the other hand, regarding on music performance 
animation Wood-Gain et al [19] developed a visualization 
system for drum playing. Users are allowed to change some 
parameters in the keyframes to affect the expression of the 
animation. Our system is different from theirs in (1) 
complexity of the movement, and (2) intelligent decision 
making. More recently, Sekiguchi and Eiho [15] realized 
the piano performance animation by hand and finger 
movements, which are constrained due to the anatomical 
components, such as tendons and bones. They also 
developed a fingering (i.e., assign an appropriate finger for 
each note) assignment algorithm.   
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Figure 1. The system overview: Each module will be 
presented in the section indicated by superscript 
number. 

3. System overview 

The overall system is shown in Figure 1. For the given 
score, the search module suggests a fingering; i.e., a 
decision of which finger to use and which string to touch. 
According to the fingering and the score, active finger 
determination module generates the tip position of active 
fingers; i.e., fingers those are engaged in touch.  Then 
optimization module generates the wrist state; i.e., position 
and orientation of wrist, which is used as examples for 
neural network training. It should be noticed that we make 
use of the optimization module only in training mode. By 
virtue of the wrist state, passive finger determination 
module calculates the joint angles of passive fingers; i.e., 
fingers those are not used in touch. If they are feasible, the 
animation module uses them to show the animation. 
Otherwise, the fingering determination module suggests 
another candidate fingering with the help of the previous 
results. We will describe each module in the following 
sections. 

4. Active finger determination 

This module determines the state of each finger and the tip 
position of the active fingers for each time unit. A score 
contains start time, end time, and intensity for each string 
touches. A string touch is a sequence of fingertip positions 
during a certain time period (see Figure 2). The height of 
the fingertip is plotted against the time axis. For a given 

touch, start time and end time of each state are determined 
by a couple of heuristics as follows: 
The finger in idle state is triggered to pre-fly state if there 
remains just enough time to get to the desired position. In 
pre-fly state, the fingertip assumes a parabolic trajectory to 
the touch position. The end time of pre-fly state is to be 
start time of the given touch, which is also the start time of 
push state. The duration of push state and that of pull state 
are predefined to be same and short. We assume that there 
is no slip. Thus in push state, the fingertip goes straight 
down, by contrast in pull state, the fingertip goes straight 
up. In sound-generate state, the fingertip does not move. At 
the end of push state, there comes post-fly state whose 
duration is predefined to be rather short. The fingertip goes 
straight up in post-fly state. When the post-fly state ends, 
the finger returns to idle state. 
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Figure 2. Height of fingertip during a string touch 

5. Optimization 

This module determines the wrist state given the fingertip 
position of active fingers computed in the previous module. 
We solve the problem by the optimization process. The 
evaluation function to be minimized depends on ease of 
execution, sound quality, and collision avoidance.   
5.1. The evaluation function 

5.1.1. Ease of execution. The movement of wrist 
position along the fingerboard is penalized following the 
rule of remaining the same position [14]. This rule is also 
relevant to sound quality, because by remaining in the same 
position, one has sections of string of approximately the 
same length that are vibrating, so the relative damping of 
the higher harmonics of the different notes is similar, thus 
producing a sound of uniform quality [14]. A cross between 
fingers is also penalized. 

5.1.2. Sound quality. We adopt simple heuristic 
that the quality of sound is the function of the orientation of 
the fingertip that is in touch. It encourages the fingers to 
stay in frictional cone to prevent from sliding. 

5.1.3. Collision avoidance. There are two possible 
collisions, that is, the collision between fingers and that 

 
 



  

between violin and a finger. We give penalties for passive 
fingers whose tip position is close to another finger or the 
violin.  

5.2. Optimization procedure 

 Let  be the fingertip positions of active fingers, CX CΘ  
and  be the joint angles of active and passive fingers 
respectively, and S  the wrist state. For given tip positions 
of active fingers or X , we will find the wrist state or S , 
and the angles of fingers ( , ) such that the evaluation 
function  is minimized. If S  is given, the 
joint angles of active fingers, or  can be uniquely 
determined from  by inverse kinematics using 
constraints between the joint angles [13]. The Newton-
Rhapson method [10] is employed for the calculation. Thus 
we have 
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6. Neural Network 

6.1. Structure 

The input and the output of neural network (NN) are same 
as the optimization module; NN determines the wrist state 
given the fingertip position of active fingers. Each NNs can 
be categorized into 2 sorts (see Figure 3): 
(1) 1 finger-NN is employed when there is only one active 
finger. The input is the tip position of the active finger. The 
input enters the two NNs; position-NN and orientation-NN. 
The output of position-NN is the wrist position. It has no 
hidden layer (3-3 structure). On the other hand, the output 
of orientation-NN is the wrist orientation. It has one hidden 
layer with 6 nodes (3-6-3 structure) (see Figure 4). 
(2) In case that there are two or more active fingers, 2 
finger-NN is used. We assume that cross between fingers 
does not occur. The input is the two extreme active fingers 
since the positions of in-between active fingers do not 
significantly affect the wrist state. The structure is similar 
to that of 1 finger-NN except that the dimension of input is 

6. Thus the position-NN has 6-3 structure, whereas the 
orientation-NN has 6-6-3 structure (see Figure 4). 

Select

1 finger

NN1

NN4X4

X1

Optimization SW

SelectX1,…,X4 Select SW ∑

SW

SW

error
NN

×-1

2 finger

NN12

NN34

X1,X2

X3,X4

SW

SW

 
Figure 3. The structure of the neural network: NNi 
signifies the 1 finger-NN for active finger i, whereas 
NNij denotes the 2 finger-NN for finger i and finger j as 
two extreme active fingers.  
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Figure 4. The structure of the neural network 

6.2. Training and testing 

Extensive experiment with different σ (learning coefficient) 
and activation function is beyond the scope of this work. 
However, we find that combination of σ=0.04 and binary 
sigmoid function [2] shows quite satisfying results. 

6.3. Discussion 

At first, we have performed experiment with one single NN 
– it has one or two hidden layers, the input consists of the 
tip position of active fingers (a predefined value is assigned 
for passive fingers) and 4 boolean variables indicating the 
finger is active or passive, and the output is wrist state. 
Unfortunately it does not show satisfying results.  It is well 
known that an arbitrary function can be approximated by an 
NN with arbitrary precision [2], however the necessary 
number of hidden layer and nodes can be unacceptably 
large. We conclude that in our system, the necessary 
number of the hidden is quite large in case that we employ 
one or two hidden layers. 

 



7. Passive finger determination Table 1. Fingering determination for two scores: G, 
D, A, and E represents four strings in violin and O, 1, 2, 
3, and 4 denotes open, index finger, middle finger, pinky 
finger, and ring finger respectively. Piece 1 is the 
beginning of the G Major broken scale, whereas piece 2 
is the beginning of the G Major 3rd scale 

We make use of the same optimization method as in the 
active finger determination. However, the crucial difference 
is that (1) the dimension of search space is diminished by 
six (= DOF of the wrist state), (2) the search space is 
separable, thus dimension of search space is maximally 3. 
However, at first we make use of the spring-damper model 
[11,17]. Only in case that there is collision with other 
fingers or violin, we perform the optimization, which 
substantially expedites the calculation. 

 sequence 
Note G4 G5 A4 A5 B4 B5 C4 C5 
string G D G D G D G D 

 
Piece1 

finger O 3 1 4 1 4 1 4 
Note D4 D5 E4 E5 f#4 f#5 G5 G6
String D A D A D A D A 

 
Piece1 
(cont.) Finger O 3 1 4 1 4 1 4 

Note G4 A4 B4 D5 C5 E5 D5 f#5
string G G G D G D G D 

 
Piece2 

finger O 1 2 O 3 1 4 2 
Note E5 G5 f#5 A5 G5 B5 A5 C6 
String G D G D G D G D 

 
Piece2 
(cont.) Finger 3 1 4 2 3 1 4 2 

8. Search for fingering 

The input to the search algorithm is a score without 
fingering. In a score, the attributes for each string touch 
include start time, end time, and intensity. A fingering, 
which generates feasible movements for hand and fingers to 
play a score, is determined based on all these attributes. An 
evaluation function is needed to estimate the amount of 
effort for the fingering. The goal of the search is to find 
such a fingering that makes the sum of the evaluation 
function sufficiently low, if not lowest. 

 

 

 

Our strategy is a best-first search [18] as in [4]. Each node 
in the search tree represents a specific fingering of the same 
length as the depth of the node. As for polyphonic score, we 
“serialize” it, that is, we regard it as monophonic score 
from the lowest note to the higher one. 

9. Bowing 

The string player has access to four bowing parameters [1]: 
(1) bow position: the position of the contact point between 
bow and string, (2) bow velocity: the velocity of the bow 
transverse to the strings, (3) bow force: the force between 
bow and string, (4) bow-bridge distance: the distance along 
the string from the bridge to the contact point with the bow, 
(5) bow-tilting angle: the angle of bow tilting, which is 
used to reduce the contact width of the bow hair. Physically 
and musically feasible mapping from the score to these 
parameters is beyond the scope of this work. Instead, we 
adopt a simple heuristic: (1) entire portion of the bow is 
used in every slur except in the case that the velocity of the 
bow exceeds the predefined threshold, (2) up bows and 
down bows are used alternatively. Thus only the bow 
position and the bow velocity are employed to express the 
given score.  It is justified by the fact that the bow-bridge 
distance and the bow-tilting angle are hardly noticeable and 
that this work is essentially kinematics-based so the bow 
force is not relevant. 

Figure 5. Snapshots of playing G Major broken scale 

10. Results 

10.1. Fingering determination 

We have chosen two pieces from a standard technique book 
[7]. The fingering found by our method coincide with the 
recommended fingering (see Table 1).  

10.2. Animation 

Figure 5 shows some snap shots of the animation playing 
the piece 1. 
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