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ABSTRACT
The cerebellar ataxia is ataxia caused by cerebellar disease. There is no abnormally in the deep sensation and muscle strength
even though it refers to occur ataxia. This disorder is defined six parts as “dysmetria”, “adiadochocinesis”, “decomposition”,
“asynergia”, “tremor” and “dyschronometria”. Hand pronation supination test is used for diagnostic testing of adiadochocinesis.
This test is carried out in the following procedure. First, lift forward the upper limb, then, facing up the palm and to pronationsupination at maximum speed. In this case, the physician to check the rotational speed of the hand, irregularities in the rotation
and the difference of bilateral difference. Currently, these tests are carried out visually by the physician, it can be said that
subjective diagnosis. In addition, a quantitative analysis for ataxia are has been performed various studies, but the studies to
attempt pronation-supination test without contact does not exist. To the problem of the subjective diagnosis, the solution that the
diagnosis using a sensor is a heavy burden for the patient. Therefore, by establishing an automatic diagnosis without contact, it is
expected to reduce the burden on the patient and objective diagnosis. In this study, we developed a diagnostic support system for
the hand pronation supination test without contact sensor. In order to achieve this test without contact, we use the “Leap Motion
Controller”. We have developed a system for calculating the rotation speed and irregularity of rotation by right and left hand. By
using this system, we evaluated the experiments with four healthy subjects. As a result, it was possible to obtain good results in
each evaluation item; the rotation speed is high, the irregularity is small and left-right difference is small. In addition, to verify
the accuracy of the proposed method, we examined the number of rotations and the rotation angle. As a result, it could be
measured within max. 5 degrees error of rotation angle and average 3.5 times error of the number of rotations. Consequently, it
can be said to be capable of using the proposed system to index the automatic quantitative measurement with high reproducibility.
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1. INTRODUCTION
Ataxia is a disease in which athletic ability is inhibited in daily life. There are symptoms such as postural disorder and
gait disturbance [1]. Causes of ataxia are varied, typical diseases is a cerebellar disease. The cerebellar ataxia, which is
the subject of this research, coordination is impaired due to cerebellar disease, even though there is no abnormality in the
deep sensation and muscle strength [2-3]. As the cause of this failure, there is a cerebellar deficit; tumor, infarction,
atrophy and malformation. Six types can be considered this failure. That is, dysmetria, adiadochokinesis, decomposition
of movement, asynergy, tremor and time dysmetria. In the diagnosis of ataxia, it is determined that removal of clothing,
behavior of picking up things and operating hanging off button. Therefore, it is necessary to check carefully the behavior
of the patient. In addition, adiadochokinesis is diagnosed in two ways. The first is whether it is possible to perform
accurate and rapid pronation-supination movement of the palm in the hand joints. Then, it is the presence or absence of
symptoms such as disorder of the smooth and quick backward movement of one limb or part of the body. The test of the
adiadochokinesis, hand pronation supination test, finger wiggle, foot pat and tongue wiggle are exists. Currently, in these
tests, the doctor is performing subjectively by visual inspection. It is considered that, by aiding these tests using sensors or
computers, highly reproducible and quantitative tests can be realized. Also, by acquiring quantitative data, could be
defined a new diagnostic criteria. Various techniques have been studied to a quantitative analysis for cerebellar ataxia [47]. However, since either approach to mounting the sensor to the patient, it is not a non-invasive methods. In addition, it
is not seen a study of hand pronation supination test. Therefore, in this paper, it is directed to a hand pronation supination
test. Furthermore, it is intended to achieve this test without contact.
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2 METHOD
2.1 Hand Pronation Supination Test
Figure 1 shows the state of the hand pronation supination test. First, raise the upper limbs loose and turn up the palm.
Then. The patient perform a pronosupination at maximum speed. At this time, if it is cerebellar ataxia, slower than
normal, it becomes irregular, a difference is observed in the speed of the right and left hands. In general, there is a
tendency towards the dominant hand is faster the rotational speed of the hand. Therefore, care must be taken when
determining the difference between right and left. Currently physician is judged visually performed this test. This may
cause variations among the diagnosis of the doctor. Not only that, even the same doctor, it is possible that the diagnosis
result is changed by time and date. In other words, it is a subjective diagnosis. Therefore, development of diagnostic
support system for realizing the quantification of these tests is desired. By quantifying the test results, numerical data with
high reliability can be obtained. Then, it is possible to realize the calculation of the temporal change and aggregation of
the results by using these data. Also, there is a possibility of obtaining the value to be used as an index of quantitative
diagnosis in the medical field. In patients, by using a non-contact sensor, a physical burden is reduced in the test.

2 Figure 1 Hand pronation supination test
In this study, in order to achieve this purpose, using a Leap Motion that was developed by Leap Motion, Inc. USA, to
achieve quantification and automated medical examination. Figure 2 shows the appearance of the Leap Motion used in
this paper. Leap Motion performing 3D imaging with an infrared camera of the two units. Then, by analyzing the
obtained image, the recognition of the gesture and the coordinates of the finger or hand movements are possible. In
addition, there is a feature that can recognize gestures with an accuracy of 1/100 mm. As described above, Leap Motion is
a sensor that specializes in hand, for its body size is also small, it can be expected ease of introduction in the medical
field. Currently, research to verify the accuracy of the Leap Motion has been performed [8], it has attracted attention as a
device with a higher resolution at very low cost. It is considered that, Leap Motion sensor is to have a resolution and
recognition accuracy of hands and fingers needed to “Quantitative Hand Pronation Supination Test”.

Figure 2 Leap Motion sensor
In this study, in the hand pronation supination test, to automatically measure the speed of pronosupination and
irregularities. At the same time, to calculate the bilateral difference of the speed and irregularities. Figure 3 shows the
flowchart of the proposed system.
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Figure 3 Flowchart of our proposed system
This system is implemented by one Leap Motion sensor for both hands test. Therefore, to calculate the rotation speed and
irregularity in each hand. Then, to calculate the laterality using the obtained value. The measurement in hand pronation
supination test must be carried out at maximum speed. Thus, to start the measurement after the hand movement is stable.
Here, measurement is started after detecting the three times pronosupination.
2.2 Calculation of Measurement Values
This system is to obtain the value of the fingertips and palm by using of the Leap Motion Developer SDK (v.1.0.8.7665). We
describe the calculation method for each measurement value. Figure 4 shows the coordinate system used in the system. The
origin is the upper left corner as well as the display screen; x-axis in the horizontal direction and y-axis in the vertical
direction. Here, the coordinates of each fingertip are defined by an , bn  , n  1, 2,  ,5 . The coordinate of the middle
finger is defined by  x1 , y1  as a reference point. Similarly, the palm is defined by  x2 , y2  . Note that, the correspondence
between coordinates and each finger coordinates is unknown at this time.

Figure 4 Coordinates used in the system
In this study, we use the coordinate of the middle finger as a reference. However, the coordinates of the fingertip that can be
obtained from the sensor is not known as belonging to finger. Thus, there is a need to determine the middle finger
coordinate. Here, discriminates middle finger by calculating the angle  n .  n is the angle between the horizontal vector and
the vector of the palm to the each fingertip.  n is determined by the following formula.

 n  cos 1
Here, detect the middle finger

x1 , y1 

an  x 2

an  x2 2  bn  x2 2

(1)

to select the median value from the obtained angle  n . At the same time,

 n is

defined by the angle which determining the coordinate of the middle finger.This discrimination of the middle finger can be
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discriminated only when all five fingers are in response to the sensor. Therefore, in this system, the calculation is performed
only when the five fingertip is recognized by the Leap Motion sensor.
2.2.1 Calculate the Maximum Rotation Angle
The rotation in this system, is defined as the one rotation when the fingertip of the middle finger is passed through the upper
portion of the palm coordinate. Calculation of the maximum rotation angle is performed in following equation.

  90  cos 1

  90  cos 1

x1  x 2

x1  x2 2   y1  y 2 2
x1  x 2

x1  x2 2   y1  y 2 2

,  x1  x 2 

(2)

,  x1  x 2 

(3)

Here,  is the angle between the normal vector of the palm and the vector to the fingertips and palms. This value is always
positive. Using this  , calculate the maximum rotation angle in each rotation. Figure 5 shows the example of the rotational
motion our system.

Figure 5 Example of rotational motion
Measurement time is 5 seconds as described above, time is measured by the standard library of C++.
2.2.2 Calculate the Rotation Speed
The rotational speed is calculated by the following equation.
c

   i

(4)

i 1

Here, the rotation speed is defined as  and the number of rotation in 5 seconds is defined as c . The obtained value is
defined as rotational speed. Therefore, the unit of this value is (degrees / 5 seconds).
2.2.3 Calculate the Irregularity of the Rotation
The irregularity is defined as the variation of the rotation angle  i at the respective rotation. The irregularity is calculated by
the following equation.

 

V  E  2  E  

2

(5)



Here, E  is defined as

E  

1 c
 i .
c i 1

(6)

2.2.4 Calculate the Laterality
The laterality is the difference of each value in the left and right hand. Here, the rotational speed of the left and right hand is
defined as 1 and  2 and the variation of the left and right hand is also defines as V1 and V2 , respectively. Then, the
laterality of the speed D and the laterality of the variation Dv is defined by the following equation.

D  1   2

(7)

Dv  V1  V2

(8)
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3 EXPERIMENT
3.1 Verification of the Accuracy of the Rotation Angle
As shown in Figure 6, to create a program that displays the rotation angle of the hand, to evaluate the accuracy of the
rotation angle. In figure 6, the value of angle represents the rotation angle of the hand. Next, as shown in Figure 7,
measuring the angle between “the vertical vector at the midpoint of the palm of the hand” and “the vector to the fingertip
of the middle finger from the midpoint of the palm of the hand” using a protractor. This value is defined as true value.
Compare the true value with the measured value by the proposed system, to determine the error of the measured value to the
true value. The experiments are performed four times for two healthy subjects.

Figure 6 Verification program of the accuracy of the rotation angle

Figure 7 State of the rotation angle measurement (measured value is shown on the display and the true value is measured
from black line)
3.2 Verification of the Accuracy of the Number of Rotations
To correctly count the number of rotations, is one of the important features of the proposed system of determining the
irregularities and the rotational speed. Here, to verify the accuracy of the number of rotations. As with the actual
measurement, comparing the number of rotations between true number and measuring number of rotation with 5 seconds.
Five times to increase the number of rotations of the hand, to calculate the error or the measurement number. Here,
increasing the number of rotations is the same meaning as the rotating speed increases. Experiments are performed five
times each for the left and right hands in one healthy subjects.
3.3 Measure experiment using the proposed system
Figure 8 shows the system interfaces for displaying each measurement value which calculated in the system. In figure 8,
RDistance shows the sum of the rotation angle of the right hand, RVariance shows the variance of the maximum angle of
rotation of the right hands, LDistance and LVariance are the same in the left hand. In addition, DDistance shows the
difference between RDistance and LDistance and DVariance shows the difference between RVariance and LVariance.

Figure 8 Measurement results on the system interface
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Figure 9 shows the example of system use. Leap Motion sensor is placed on top of the display. Facing to the sensor, the
measurement is performed. Measurement begins after the 3 times of hand rotation as start sign. Then, rotate hand as large as
possible for 5 seconds. Similarly, in the other hand, to perform the start operation, the measurement is performed.The
measurement experiments performed on four healthy subjects.

Figure 9 Example of system use

4. RESULT AND DISCUSSION
4.1Verification of the Accuracy of the Rotation Angle
The measurement results of the rotation angle of the hand is shown in Table 1 and 2. In Table 1, the average error was 3.5
degrees and maximum error was 5 degrees. In Table 2, average error was 1.5 degrees and maximum error was 2
degrees.These result shows that the rotation angle of the hand is obtained with high accuracy of within 5 degrees of the
maximum error. From this fact, it is considered for the calculation of the angle of rotation can be realized in a very small
error, to have sufficient accuracy in the calculation of the irregularity of the rotation and rotation speed. Here, as the cause of
the error, it does not face exactly to the sensor for measurement, the deviation in the depth direction of rotation can be
considered.
Table 1: Comparison between true value and measured value of the rotation angle (Subject 1)
True angle (degree)

Measured angle (degree)

Error (degree)

29

32

3

31

32

1

45

50

5

49

54

5

Table 2: Comparison between true value and measured value of the rotation angle (Subject 2)
True angle (degree)

Measured angle (degree)

Error (degree)

20

22

2

32

33

1

36

37

1

46

48

2

4.2 Verification of the Accuracy of the Number of Rotations
The measurement results of the number of rotation is shown in Table 3. From Table 3, when the rotational speed is slow,
error does not occur, the error occurs when the rotation number as many as 40 times. The average error is 3 in right hands
and 4 in left hands. The similar trend can be seen in both the right and left hands.The good results were obtained in this
experiment. In particular, rotation number which caused the error is 40 times in both the left and right, it occurs in the high
speed operation, but in ataxia, since it is a disease in which high-speed operation is not possible, it is considered to be
possible to calculate the irregularities and rotation speed by using this system.
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Table 3: Comparison between true value and measured value of the rotation angle

True number

Measured number
(Average)

Error
(Average
)

15

15

0

20

20

0

25

25

0

30

30

0

35

35

0

40

36.5

3.5

4.3 Measure experiment using the proposed system
Table 4 and 5 shows the measurement result of the system for 4 healthy subjects (right-handed).From Table 4, individual
differences in speed is greater in healthy subjects. In addition, the rotation speed of the right hand was faster than that of the
left hand in all subjects. From table 5, the difference between right and left of the rotation speed and the difference between
right and left of the irregularities of the rotation were observed in healthy subjects. In addition, the rotation speed in the
dominant hand is faster than that in the non-dominant hand. From these result, individual difference is large, but the
difference between right and left of the irregularities are converging at a relatively small value. This is the first study to
achieve a quantitative measurement for hand pronosupination test. By verifying the large DB, it is possible that the threshold
can be determined to identify the disease in hand pronosupination test.
Table 4: Measurement result of speed and irregularities (degree/5seconds)
Subject 1

Subject 2

Subject 3

Subject 4

RD

330

1077

567

1234

LD

211

822

376

829

RV

527

263

675

383

LV

583

457

610

403

R/LD (R/LDistance): Speed in right/left hand, R/LV (R/LVariance): Irregularities in right/left hand
Table 5: Measurement result of laterality (degree/5seconds)
Subject 1

Subject 2

Subject 3

Subject 4

DD

119

255

191

405

DV

56

193

55

20

DD (DDistance): Difference between RDistance and LDistance
DV (DVariance): Difference between RVariance and LVariance

5. CONCLUSION
We propose a novel system of the automatic measurement for hand pronospination test in cerebellar ataxia. This system
automatically calculate the rotation speed and the irregularity of the rotation without contact. As an evaluation experiment of
the proposed system, we verify the accuracy of the rotation angle, the accuracy of the rotation number. Measurement error
compared to the true value were very small; up to 5 degrees in angle error and up to 4 times in number error.As a result, the
system was able to realize the system that supports the measurement at high measurement accuracy in a non-invasive
manner by use of Leap Motion sensor as non-contact sensor. In order to determine the quantitative index required for
diagnosis, it is necessary to extensive test by healthy subjects and subjects with cerebellar ataxia.
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