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Abstract—Natural interaction is a form of human interaction 
with computers that shows human behavior towards computers. 
Kinematic presents the synthesis of three-dimensional computer 
graphics (3D) into the real world. Microsoft Kinect 3D sensor can 
help develop research in the field of kinematics by using RGB 
and depth images that can be used to improve the results of 
previous studies. Problems encountered in detecting kinematic is 
to determine the point features that will be used. The problems 
that exist in previous studies can be reduced by using the depth 
image generated by the Kinect. Depth image produces a simple 
shape that is used to simplify and accelerate the detection 
skeleton that can be used as features in the kinematic.  Our 
method combines the advantages of the two methods, dilatation 
and star skeleton. Experiments show that our method efficiently 
and fast to extract the skeleton of a depth image that can be used 
as the kinematic features.  

Keywords—natural interaction; skeletonization; kinematic; 
Kinect 

I.  INTRODUCTION 
The skeleton of object can be a potential research topic in 

computer vision for improving performance in various area, 
such as object of tracking, motion capture, pose estimation, 
modeling, activity recognition, etc. Microsoft with Kinect 
sensor has improved this area research, with 3D point cloud 
researcher can get position in 3D particularly the objects with 
more dimension. Microsoft Kinect can collect RGB and Depth 
image at a frame rate of 30 Hz. Kinect provides any choices  
previously mentioned to extract the object skeleton from RGB 
and depth image. The skeleton provides abstraction for the 
shape and structure of the object. The skeleton should be 
simple enough to provide structure. Robust and efficient 
method for object skeleton have been investigated in many 
previous studies.  

The object skeleton can be separated into two categories [1] 
curve skeleton and kinematic skeleton. The former provides the 
abstract of the structure to identify the shape, while the latter, 
provides bone, corresponding the object that usually used to 
control animation. Previous approaches, especially in 
kinematic skeleton have been provided an extract skeleton 

from videos, motion capture data and some researcher used 
static object model [2]. 

Skeleton can improve detection and classification kinematic 
process, it simplifies shape of the object kinematic indicates 
human movement, it is useful if the object detected will be 
used to drive the animation or other devices. The problems in 
kinematic extraction is to find the exact point of features to be 
used [1, 2].  

In this paper, we propose thinning method to extract the 
kinematic skeleton from depth image given from Kinect 
sensor. The method is marker less, does not require marker. 
Depending on the depth image of human object, this 
experiments resulted that our method took less than 0.02 
Seconds. SKJ 98 (Senam Kesehatan Jasmani) is standard 
human movement that used as standard calibration was applied 
to this experiments. 

II. RELATED WORK 
In recent years, has developed algorithms skeleton of 

objects like curve skeleton and kinematic skeleton. The 
similarities between the two methods is to reduce the 
dimensions of the image. Skeletonization is a technique or 
method to represent a shape in the space domain. 
Skeletonization concept proposed by Blum in 1967 [3], this 
technique becomes an interesting research, especially because 
it is used as a basis for determining the shape of pattern 
recognition [4], chromosome analysis, military search service 
[5]. Skeletonization is a primitive representation of an object is 
the basis of image processing. Skeletonization can be separated 
into two types: pixel-based and non-pixel-based. In the pixel-
based, all pixels in the image are used as skeletonization 
process, while the non-pixel-based uses only contour pixels of 
the images used in the skeletonization process. Several studies 
in the pixel-based techniques are classified into thinning 
techniques and distance transforms [6, 7].  

Problems in determining the boundary pixels on the object, 
reconstructing the line, until the noise problems during the 
segmentation process (pre-processing stage that is typically 
used to segment the object from surrounding objects) are 
common problem faced by researchers. 
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III. TARGET PRE-PROCESSING 
Motion detection requires a special environment, no 

motion detection algorithm is perfect. The image must be 
processed first, from the depth image, detecting the human 
body, to get a skeleton. Noise must be removed to obtain the 
expected results. 

Fig. 1. Kernel Skeletonization 

 

A. Pre-processing 
The first step is to get a depth image from the Microsoft 

Kinect sensor. Kinect collects RGB and Depth image at the 
same time. OpenNi as the framework provide an API for the 
applications to access natural interaction devices. OpenNi is 
an open-source framework that is able to read RGB and Depth 
image from Kinect. OpenNi generates human detection based 
on User Generator method. Figure 3 (a) shows the results of 
User Generator performed by OpenNi, the result of detection 
in the form of depth image 

B. Skeletonization 
Distance transforms commonly used as a normalization 
operator of the binary image, the results are a gray level image 
same as the input image. Except for the intensity of a point in 
the foreground of the level is changed to indicate the 
proximity of each point. Skeletonization in this study using the 
distance transform with four kernel matrix obtained from the 
image detection results in the pre-processing stage. Figure 1 
shows kernel used in this method. This kernel is used to filter 
the results of the distance transform and dilatation was 
performed in Figure 2. The image pre-processing results 
previously had in the prior binary to reduce its dimensions. 

The next step dilated to thicken lines may be less visible 
due binner process. Dilatation result will be processed with 
distance transform to provide the highest value in the middle 
of the focus object Figure 3 (b), here seen an early form of the 
desired skeleton. Array, results from the distance transform 
needs to be diluted with a clockwise filter in Figure 1. 
Performed four times filtering in this phase, the first filtering 

kernel 0, Figure 1 (a) to separate the top and bottom of the 
distance transform. The result of this process will give the 
distance between center and edge of the object, results can be 
seen in Figure 3 (c). Second step using the kernel 45 to 
separate central and the edge of the object diagonally this 
process results seen in Figure 3 (d). Third step separates center 
and edge vertically using kernel 90 as shown in Figure 3 (e). 
To separate between the center and edges of objects with a 
high value in the center of the object and provide a negative 
value at the edge of the object, it is useful to obtain results 
which are completely separate in the object. 

Fig. 2. Pseudocode of the skeletonization 

 
 

The final step of filtration by applying the kernel 135, the 
result of this same kernel as the kernel 45, but in different 
directions as in Figure 3 (f). The results of the filters need to be 
combined to obtain the expected skeleton. Maximum operator 
is used to combine this process. Maximum operator will 
eliminate unnecessary values.  

Fig. 3. Skeletonization Process 

 
 

The results of the Maximum operator seen in Figure 3 (g) are 
different with the star skeleton, skeletons will connect the ends 
of the edge of the skeleton, the proposed method skeleton is 
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formed according to the shape of the human body. To remove 
not required values, the pre-processing needs to be done by 
removing noise, in this study with re-threshold or other 
conditions can be used erosion functions 

IV. HUMAN MOTION ANALYSIS 
Results obtained from User Generator a very influential on 

the skeleton. UserGenerator sometimes generates human 
detection that does not conform expected, as in Figure 3 (a) in 
the visible hand finger is not detected properly, it will affect 
the results of the generated skeleton. In addition, the human 
body detection results obtained from OpenNi very depending 
on the clothing worn, as shown hips in Figure (3). 

TABLE I.  RUNNING TIME 

Frame 

Running time (s) 

Dilate 
Kernel 

Max Min Total Time
0 45 90 135 

2 0.231 0.283 0.021 0.203 0.021 0.194 0.954 

6 0.258 0.028 0.222 0.207 0.025 0.200 0.940 

8 0.242 0.239 0.240 0.224 0.025 0.021 0.990 

13 0.243 0.234 0.024 0.221 0.231 0.209 1.162 

16 0.024 0.223 0.232 0.213 0.239 0.216 1.148 

TABLE II.  TIME  COMPARATION 

Frame 
Purposed 
Method 

Parker 
Method 

Dilate 
Method 

71 0.013689 63.7413 0.00954 
72 0.013736 63.7435 0.00954 
73 0.013784 63.7455 0.00954 
74 0.013833 63.7479 0.00954 
75 0.013884 63.7502 0.00954 

 

Distance transforms can be used without prior dilation, but 
in some skeleton detection results obtained separate lot. The 
results of the distance transform can be improved by 
performing dilation process as the first step. Distance 
transforms will produce a high value on a wide surface, 
opposite the narrow surfaces, such as the palms result are 
invisible it can be overcome by doing several time's dilation to 
thicken less, but also need to be selective because it is possible 
to thick dilate will produce the wrong skeleton 

Results of distance transforms processed using filter 
kernels that have been proposed. Kernel works clockwise to 
remove the parts that are not needed. Kernel 0 and 90 works 
horizontally and vertically. While the kernel 45 and 135 
diagonal filter. Performance distance visible transformation in 
this process, as shown in Figure 3 (c,f) with the finger is not 
detected properly. The process will be terminated by the 
maximum operator to remove the low value of the result of the 
merger. As shown in Figure 3 (g) has formed a perfect frame. 

To eliminate the unused portion can be combined with the 
adjacency matrix.   

Skeletonization process as shown in Table 1 takes 
approximately 1.038 seconds for the entire data used, in this 
case means to speed the processing of 1,038 FPS (Frames Per 
Seconds) values in this table are taken at random based on the 
highest value. For the entire process on the standard test takes 
an average time of 0:16 seconds, for every second of it able to 
process about six frames, although is far from being expected 
to get real time results around 20 FPS, but the results can be 
used to detect the human skeleton. 

This research has been compared to several other methods, 
Parker method as shown in Figure 4 (b) and dilatation method 
as shown in Figure 4 (c) of the method compared to detect the 
frame in Figure 4 (a), the proposed method showed as shown in 
Figure 4 (d). In the proposed method takes an average time of 
0.013 seconds, 0.004 slower than the proposed method as 
shown in Table 2, but the results of skeletonization showed 
different results. The process of measuring the computing time 
performed as in Table 1. 

II. CONCLUSION 
The proposed method to extract the skeleton from the 

Microsoft Kinect sensor. Our method constructs a skeleton 
from a simple form, used with dilatation and distance 
transform is obtained shape initial skeleton. Different from 
other methods such as star and dilatation skeleton, the 
proposed method successfully generates the skeleton of the 
object generate from depth image. Skeleton result from this 
method can be used to detect human kinematic. In the research 
conducted, it was found that SKJ98 can be used for standard 
testing in kinematic detection. 

The limitations of our methods depend on OpenNi result. 
Another limitation, this method cannot be used for 3D shape 
and the result of this method should be added another method 
to combine the value of the Maximum operator because there 
are several separate parts although combined with 
neighborhood matrix. 
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Fig. 4. Skeletonization Comparison 
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