VISUALIZATION OF HUMAN MOTION KINEMATICS IN STATE SPACE
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Abstract: This paper is concerned with the description of the procedures for the statistical processing of the gait kinematics data. According to the processed kinematics data, the definition of normative is developed. Data is obtained from the measured trails carried out on the group of 20 persons. Final interpretation after kinematics data processing is presented in the phase-plane. As the result of the statistic distribution the normative areas are defined and Gait Quality Index (GQI) is introduced. The data is statistically processed using Gaussian and Bootstrap method.

Introduction
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The human gait research is interdisciplinary, involving knowledge of biomechanics, robotics and medicine. In this paper, normative that should help medical doctors in diagnosis and therapy, is suggested by a technical team. 

To give the proper diagnosis of human gait, the first question is, what is normal gait. Many parameters are defining human gait, but in this paper the accent will be on kinematics data of human locomotion system in sagital plane (2D-movement). The measurement was done by Camera-PC system [1]. This data are processed and presented in the phase-plane. Accent of the investigation is given on particular phases of human gait cycle. The phases, which are accepted by many gait laboratories [2], are suggested by Rancho Los Amigos Medical Center. Statistical processing of data in phase-plane for these particular phases of human locomotion will be done. The shape of normative areas and their boundaries will be defined according to the statistical properties.

Materials and methods

Experimentally obtained human locomotion kinematics data forms non-stationary ensemble what means that its probability density function is function of time. According to this, the probability that the amplitude s1 of the measured event at time t1 belongs to the infinitesimal interval (x,x+dx) can be written symbolically
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Today, in many gait laboratories [2][4] is in use classical interpretation of non-stationary ensembles of human locomotion kinematics where joint displacements are plotted against time. Shaded area denotes upper and lover standard deviation of the ensemble average data.

To introduce the normative plane as a measure of normal locomotion, we have to visualize the data in phase-plane [3].

The visualization of two ensembles that are result of the same experiment is done. First ensemble presents joint angle displacement as a function of normalized time. The second ensemble presents joint angular velocity as a function of time and it is obtained after numerical processing of the first ensemble. In this work, these ensembles will be considered as statistically independent.

Next step is to define area with total probability Kp that trial result measured at time t1 is within area borders (Eq. 2)
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The area is an ellipse [6] with center at S(
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are mean values of the angle ensemble values measured at time t1 and angle velocity ensemble values also measured at time t1 (Fig.1). We suggest an ellipse as the plain of normal gait. In this case, the points inside its boundaries represent normal gait values. According to this, we are introducing Gait Quality Index (GQI) as the ratio of distance 
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S - ensemble average for particular gait phase

T - measured value for particular person

M – point on intersection of the ellipse and line connecting S(
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- distance between point S and point T
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- distance between point S and point M, on ellipse boundary closest to point T.

Values for the multiplication factor for ellipse half axes a and b are taken from the literature [5] for the probability Kp = 0.7 (70%). 

The probability distribution of data in phase-plane will be done according to Gaussian distribution and Bootstrap method.

Results

Five gait phases were chosen for the observation: initial contact (F1), loading response (F2), terminal stance (F3), mid swing (F4), terminal swing (F5). 
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Figure 2.a. Phase-plane for hip angle - 20 subjects
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Figure 2.b.: Expected areas for 5 dominant gait phases (hip angle) (angle-angle velocity)

Ankle, knee and hip angles were measured. Hip angle results are presented in the phase plane (Fig.2.a.). Normative planes (Fig.2.b.) were obtained using the Gaussian distribution of the data (dotted line). Additional analysis is done using the Bootstrap method [6] (solid line). An example of the GQI evaluation for the hip angle at the initial contact phase is presented in Fig.3. Observed person was wearing high heels, so calculated GQI was outside normal values (GQI>1). 
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Conclusion

Standard planes in which joint displacements are plotted against time do not provide enough information about system kinematics and normality of the locomotion, as well. Presentation of human locomotion joint kinematics using phase plane portraits provides more information of the joint kinematics and also gives more accurate gait quality estimation. The norm planes simplify the diagnostics for the particular person. Comparison of the results obtained by using Gaussian method and Bootstrap method has shown high correlation. Bootstrap method, as the method for small sample sets is more convenient for the development of normative patterns for the specific kind of population (age, sex, height, etc.). New approach means the improvement according to the classical approach regarding better data visualization and easier gait normality decision. The measure of quality is reduced to simple number. The exchange of data between distant Gait Analysis Centers in Europe becomes easier. Although, the suggested new approach is easy to read and gives more information, this doesn’t mean that traditional graphs should be abandoned. We suggest using the new approach and the traditional one in parallel until new method will be accepted.
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Figure 1: Ellipse as characteristic area
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Figure 3: Hip angle in initial contact phase (H-F1)
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