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MODELING THE HUMAN LOWER LIMBS
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Abstract:  This paper presents a method of modeling the human lower limbs. This method begins by building a cube. Extruding the surfaces and moving the vertexes, will create a complex solid. First will be created the toes, then the heel, the ankle, knee and the hip. Using the mirror option, the two limbs will be connected to form a single solid. The last operation is to apply the mesh smooth. The conclusions will be presented in the end.
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1. INTRODUCTION

The most important aspect of the human locomotion study is the fact that, many researchers have study the human anatomy, but they didn’t fully understood how it function. Maybe because of the technological level or maybe because the human factor is not sufficiently evolved to completely understand how it works.

The nature was and it is an inspiration source for the human factor, and because of this reason, the researchers are trying to model and to simulate the environment. The knowledge that surrounds us, can lead to an exceptional progress in the technological and medical field.

The modeling process is based on the computer aided geometrical design (CAGD). CAGD as a field of computer-aided design (CAD) has developed considerably since its inception in the late 1950s. The use of parametric curves and surfaces can be deemed the mathematical base of CAGD.
2. CREATING THE MODEL
The human lower limbs are very complex and because of this reason, the first step is to know the anatomy of the lower limbs (figure 1). For a good modeling it is absolutely necessary to determine the anthropometric dimensions, so that the model to have the same proportions as the real one. The knowledge of this dimensions, represents the most important step in the modeling process. The study of a model with different dimensions will not provide true data.
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Figure 1:  The lower limbs
The modeling process of the lower limbs begins by constructing a cube (figure 2). By extruding the cube faces and by moving the vertexes and the edges, the big toe will be created. The model of the big toe is not smooth like the real one. To smooth the model, the mesh smooth will be applied at the end of the modeling process. This operation subdivides the geometry while interpolating the angles of new faces at corners and edges, and applies a single smoothing group to all faces in the object. The effect of mesh smooth operation is to round over corners and edges as if they had been filed or planed smooth.
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Figure 2:  The modeling of the big toe

The next step is to model the other toes (figure 3). By extruding the surface at the base of the big toe, will start the construction of the second toe. Extruding four times the surfaces and by moving the vertexes will create de shape of the second toe. The same operations will be applied to the other tree toes.
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Figure 3:  The modeling of the toes

By extruding the surfaces at the base or the toes and by cutting the surface, will create the footplate and the heel (figure 4). The heel is very difficult to model because of the Achilles tendon. Additional modifications will be made in the modeling process.
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Figure 4:  The modeling of the foot

After the modeling of the ankle it begins the construction of the tibia segment (figure 5). Extruding the section of the ankle creates the tibia segment. Cutting and moving a few surfaces and vertexes create the tibia segment.
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Figure 5:  The modeling of the lower limb

The next step is to create the knee articulation. Moving the vertex from the center of a square creates the patella. The femoral segment is constructed by extruding the section of the knee and by moving the vertexes. The final step is to create the pelvis. The limb is viewed from the left side.

After the modeling of the lower left limb, the next step is to change the color of the model to look more natural and to create the right lower limb. To create the lower right limb it will be applied the mirror operation and the two lower limbs will be connected.

The final stage in the modeling process is the application of the mesh smooth operation (figure 6, 7 and 8). 
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a) No mesh smooth.              b) Smooth one time.            c) Smooth two times.              d) Smooth six times.

Figure 6:  The model of the foot
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a) No mesh smooth.         b) Smooth one time.       c) Smooth two times.        d) Smooth six times.

Figure 7:  The model of the tibia and femur segment
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a) No mesh smooth.           b) Smooth one time.         c) Smooth two times.          d) Smooth six times.

Figure 8:  The model of the femur segment and the pelvis

In the end the lower limbs model is smooth (figure 9). The viewpoints are: front, front-right, back-right and back.
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Figure 9:  The lower limbs model

3. CONCLUSION
The modeling process is very complex and it takes a lot of resources, because the number of the surfaces that form the model are approximately 40000 ( 50000.

This method creates a model that can be used to different simulations and to model an esthetic prosthesis. The  model coordinates can be transmitted to a numerical machine, which can create a physical model.
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