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1. INTRODUCTION 

 

The structure of the knee joint was studied by many research groups over the years. The 

results of these studies have led to multiple multibody models of the joint. In this paper a 

spherical model of a tibiofemoral joint [1] along with a cylindrical model of a patellofemoral 

joint [2] are considered. The tibiofemoral joint model and the patellofemoral joint model 

constitute one complex, spatial mechanism of the knee joint (Fig. 1a). 

 
Fig. 1 a) the spherical model of the tibiofemoral joint with the cylindrical model of the patellofemoral joint, 

where: s – length of the linear actuator that substitutes the quadriceps muscle, A1B1, A2B2 – the cruciate 

ligaments, A4E4 – the patellar tendon, A3 – the spherical joint that substitutes, inter alia, the contact pair  

between the tibia and the femur, Op / Of / Ot – the origin of the patella/tibia/femur reference frame,  

b) the vector tetrahedron (at the tibia, with one cruciate ligament) 

 

In [1, 2] an inverse position analysis (IPA) for the aforementioned mechanism is presented. 

In this problem the length of the linear actuator (the quadriceps muscle) is calculated for the 

known position and orientation of the moving platform (the femur). The solution uses the 

nonlinear constraint equations (fixed length between ligaments attachments). If the 

mechanism is going to be used in electronic orthotics or wearable robots then the IPA might 

not be sufficient. 
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The problem, solved in this paper, can be formulated as follows: for the known linear 

actuator length find the position and the orientation of the moving platform in the base 

platform reference frame. This problem is known as the direct position analysis in robotics. 

 

 

2. METHOD 

 

 The direct position analysis (DPA) is performed using the vector method [3]. Firstly, the 

mechanism has to be divided into vector tetrahedrons. Then, in every tetrahedron three unit 

vectors (two known o

ie , 
o
je  and one unknown o

ke ) are selected. The unknown unit vector o

ke   

can be computed using the following equation: 
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The sample tetrahedron is shown in Fig. 1b. Other four tetrahedrons are assumed similarly 

– so that it is possible to get from the linear actuator to the base platform. The procedure leads 

to one nonlinear equation. 

 

 

3. RESULTS 

 

The performed simulations proved the effectiveness of the prepared software. It is possible 

to perform the position analysis using the presented method for the DPA. The results of the 

DPA have been verified using the results of the IPA [3]. 

 

 

4. CONCLUSIONS 

 

In this paper the solution for the DPA of the knee joint mechanism using the vector 

method is presented. This method seems to be advantageous in this application. The obtained 

solution can be easily interpreted geometrically. Furthermore, the numerical complexity of the 

method is very low which is important in design of orthotics and control systems for wearable 

robots, exoskeletons. The model can also be useful in reconstruction of a damaged joint. If 

the flexible elements of the joint are considered, the load analysis is also possible. 
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