SIMULATION OF A PASSIVE KNEE EXOSKELETON FOR VERTICAL JUMPING
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Introduction
Research on exoskeletons designed to augment human activities, and the attendant exoskeleton industry, are bothis growing rapidly growing. However, progress in the field is currently being hindered by a lack of understanding of regarding human–exoskeleton interactions. At present, the main method applied to reach such an understanding this interaction 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 inputs for this processsuch design, numerical simulation and optimizations where recently used for to design of an exoskeleton for a sStanding lLong  jump have been shown in [3]. In this study, we aimeded to simulate a passive exoskeleton–human interactions during a vertical jump. As, with a view to using it as a tool for exoskeletons design. 	Comment by Rebecca Blunden: Please double check my suggestions here, and let me know if you think I may have misunderstood anything. I am happy to review this again if necessary, after clarification from you.	Comment by Rebecca Blunden: Please double check my suggestions here, and let me know if you think I may have misunderstood anything. I am happy to review this again if necessary, after clarification from you.

Methods
Using the simulation, we performed a numerical optimization procedure to determine the muscle excitations and starting postures that would give the maximum jump height. The simulation used a planar 4-DOF dynamic model. Where, where the ankle, knee and hip joints of on both sides where are considered to be symmetric, and thus each of the joints could be represented by one torque actuators. The torque actuators were, modeled as with aon the flexor and extensor muscles for of each joint, and passive torque representing represented the properties of the tendons and muscles properties [3]. We then simulated jumps with a passive knee exoskeleton (two devices) at five different values of maximum torque, with the aim to studyof studying their the exoskeletons’ effects on the jump height. The springs are were modeled as linear, with total values of  0,35, 70, 105, and 140 Nm total (of for both devices), at a 90º 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, Forfor each of the five exoskeleton conditions, the GA optimization was performed 500 times(times (we then used the best solution).

Results and Discussion
The jump heights converged for all the five exoskeleton conditions in less the than 450 GA runs. The result revealed an increase in jump height as the spring became stiffer (0, 2.8, 5.3, 10.4, 15.1 cm). The analysis of total work at for each of the joints, revealed that the hip increased by 7.5%. and the ankle decreasedecreased by 8%;, the total knee work increased by 90%, and the biological knee work decreased by 16.5% (Fig. 1). To gain a better understanding of what happens at the joint level during a 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 low 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 knee is working at maximum capacity. This last statement is true for the ankle and the hip too.	Comment by Rebecca Blunden: Please double check my suggestions here, and let me know if you think I may have misunderstood anything. I am happy to review this again if necessary, after clarification from you.
[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 :exoskeleton: total torque and maximum torque available at the given angle and velocity.

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

Significance
This research shows that a passive spring can enhance the human performance of human in somefor certain physical actions. And It can also provide better improve understanding on of how to build and utilize (jump technique) such a device.	Comment by Rebecca Blunden: I am not sure what this means in this context. Please could you clarify? I am happy to review this again, if needed.
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