SIMULATION OF A PASSIVE KNEE EXOSKELETON FOR VERTICAL JUMP
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Introduction
Research on exoskeletons designed to augment human activities and the attendant exoskeleton industry are both rapidly growing. However, progress in the field is currently being hindered by a lack of understanding of human–exoskeleton interactions. At present, the main method applied to reach such an understanding is to build and test prototypes [1] or end-effectors (that simulate the devices) [2], but this is a very time-consuming and costly process. To improve the time and cost of such design, numerical simulation and optimizations where recently used for design of exoskeleton for Standing Long  jump have been shown in [3]. In this study, we aimed to simulate a passive exoskeleton–human interactions during a vertical jump. As a tool for exoskeletons design. 

Methods
[bookmark: _GoBack]Using the simulation, we performed a numerical optimization procedure to determine muscle excitations and starting postures that would give the maximum jump height. The simulation used a planar 4-DOF dynamic model. Where the ankle, knee and hip joint of both side where considered to be symmetric and thus each of the joints could be represent by one torque actuators. The torque actuators, modeled as with a flexor and extensor muscles for each joint and passive torque representing the tendon and muscle properties [3]. We then simulated jumps with a passive knee exoskeleton (two devices) at five different values of maximum torque with the aim to study their effect on the jump height. The springs are modeled as linear with values of  0,35,70,105,140Nm total (of both devices) at 90 deg knee bending. 
The optimal excitation for the maximum jump height was found by using a genetic algorithm (GA). To improve our optimization results and to test the convergence of the GA solution, For each of the five exoskeleton conditions, the GA optimization was performed 500 times(we then use the best solution).

Results and Discussion
The jump heights converged for all the five exoskeleton condition in less the 450 GA runs. The result revealed an increase in jump height as the spring became stiffer (0, 2.8, 5.3, 10.4, 15.1cm). The analysis total work at each of the joint, revealed that the hip increased by 7.5%. the ankle decrease by 8%, the total knee work increased by 90% and the biological knee decrease by 16.5% (Fig. 1). To gain a better understanding of what happens at the joint level during the jump, we compared the torque joints with their maximum torque capability of the joint. For the knee, the torque is comprised of the exoskeleton torque and the biological knee torque (Fig. 2). At the beginning of the jump there is small biological torque and most of the total knee torque is provided by the exoskeleton. At 0.15 s, the biological torque reaches its maximum value; thus, for the rest of the jump the human is working at maximum capacity. This last statement is true for the ankle and the hip too.
[image: ]

Figure 1: Work at the joints and at the spring for each of the spring conditions.
[image: ]
Figure 2: Torques at the knee with a 70-Nm exoskeleton : total torque and max torque available at the given angle and velocity.

Analysis of the exoskeleton work at the 140Nm condition reviled that 68% of the energy that was stored in the spring of the exoskeleton was transferred into energy that caused an increase in the jump height.

Significance
This research shows that a passive spring can enhance the performance of human in some physical action. And can provide better understanding on how to build and utilize (jump technique) such device
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