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Introduction:
A powered exoskeleton is a machine that a person wears to give them mechanical support for their muscular

 movements, such as lifting or walking.  It is named after the exoskeleton of insects, which supports their biological
 movements just as a manmade exoskeleton supports ours. In a powered exoskeletal system, the biological part is the
 skeletal muscles of the human body and the technological part is the load-carrying parts of the exoskeleton. Even
 though an exoskeleton can be removed, its addition to the body is irreversible because the gains it allows will be lost
 without it. Most people only know of powered exoskeletal systems from science fiction, such as the popular recent Iron
 Man superhero movies. But in real life, exoskeletons are a growing source of study for extending people’s strength.
 These currently fall into two types: those that enhance normal strength for civilian and military use and those that assist
 disabled people, currently mostly paraplegics, to walk. (Colombo et al. 2000) (Esquenazi et al. 2012)  Both serve to
 support the user in their actions to remain more ambulatory with less muscular stress than they normally would be.

Military Exoskeletons:
The first functioning powered exoskeleton was actually developed for military purposes in the 1960s. Developed

 by General Electric, it was called the Hardiman and could lift 1,500 pounds with a user inside. Unfortunately, the
 project was unfeasible because the machine itself weighed as much as it could lift and therefore could not possibly be
 supported by any person walking around. (Robertson 2013) However, in recent years there has been great progress
 toward a feasible military exoskeleton. Although none have yet been deployed in the field, military contractors have
 made many prototypes to enable soldiers to lift more. This is especially important today because load-based
 musculoskeletal injuries are a major problem in the modern army Some soldiers are asked to carry as much as 100
 pounds of equipment, and as a result the rate of medically retired soldiers with musculoskeletal conditions was almost
 10 times as high in 2009 as it was in 2003. (Bernton 2011) Military load carriage adversely effects gait even without
 injury by increasing the ground reaction forces on the body. This leads to changes in the center of mass and restriction
 of ranges of motion. Increased ground reaction forces are the major link to musculoskeletal injuries. (Birrell, Hooper, &
 Haslam, 2011)

The XOS 2, developed by Raytheon, is one of the most advanced of these new biomechanical projects for the military.
 Unlike the original models of exoskeletons from decades ago, the XOS 2 is light enough  for the user to walk around in
 while it is being worn, but can lift up to 200 pounds by itself. Its major remaining drawback is that it still needs an
 external power source, which means the user needs to be connected to that power source by a wire, limiting mobility.
 (Weinberger 2013)

Civilian Exoskeletons:
Many of the secrets of these military machines are classified. However, by studying similar machines for civilian

 use, we can elucidate their methods of functioning. The Berkeley Lower Extremity Exoskeleton is one of the earliest
 experimental exoskeletons. It contains four hydraulic actuators (motors) per leg to help power walking under a heavy
 load. The hydraulic actuators were located at the hip, knee, and ankle flexion/extension joints, as well as the hip
 abduction/adduction joints. It requires no external power source, with the power supply being part of the exoskeleton
 itself. It is capable of fully carrying its payload of 75 pounds while its wearer moves at a walking speed of 1.3 m/s, or
 2.9 mph. (Zoss et al. 2006)
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Fig. 1  -  Load in the leg of the exoskeleton from Walsh et al. 2006. The load peaks during the heel strike phase
 and is lowest during the swing phase. As a result, the load is being transferred through the skeleton to the ground best
 when the foot is touching the ground. This means that the exoskeleton is carrying the load when it is heaviest. (figure
 excerpted from Walsh et al. 2006)

 A similar exoskeleton with fewer electrical parts, was described by Walsh et al.(2006). This exoskeleton was
 restricted to the lower legs and its only motorized actuator was in the hip.  There were four elastic elements in the
 exoskeleton: the motorized hip actuator, a variable damper (force inhibitor) at the knee, a unidirectional spring at the
 ankle, and an adduction spring at the hip that counters the movements of the first hip element. At least 90% of the
 combined weight of the 100lb backpack and 75lb exoskeleton mass was transferred down through the exoskeleton.
  This meant that the user of the exoskeleton would only feel 10% of the weight they carried.

Paraplegic Exoskeletons:
The second major class of exoskeletons consists of those that help paraplegics. These are different than the first

 class of exoskeletons because they need to be supplied with significant power. Paraplegia is the loss of muscular
 function in the legs due to a spinal cord injury. However, a locomotor pattern can be induced into paraplegics using
 treadmill training after the end of spinal shock. This leads to an increase in the activity of the leg extensor muscle as
 measured with electromyography, which occurs independently of the recovery of spinal cord function. However, a full
 recovery using this method is still difficult. (Dietz et al. 1998)

An early example of an exoskeleton for paraplegics was designed to aid in their recovery. The exoskeleton was
 powered by drives at the hip and knee joints and was attached to a large harness that was counterbalanced to the patient.
 The power is controlled by the operator with an electronic position controller. This machine allowed the patient to
 receive treadmill training for half an hour or more. Although it was primitive, this machine allowed a tangible
 difference to be made in the patient’s progress. (Colombo et al. 2000)

A more developed example of an exoskeleton for paraplegics would allow its wearer to walk anywhere, not just
 on a treadmill. Farris, Quintero and Goldfarb (2011) developed a powered orthosis that assisted with lower limb
 movement via motors in the hip and knee joints. The behavior of the motors were calibrated according to the gait of a
 non-paraplegic person. The orthosis allowed a fully paraplegic person to walk at 0.8 km/hr (0.5 mi/hr). The
 biomechanics of the patient’s walking were also similar to a normal gait, indicating that the orthosis was successfully
 assisting the user in normal locomotion.

Conclusion:
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The future prospects of exoskeletons are bright. A commercial company, ReWalk, is manufacturing and selling
 exoskeletons as a way for paraplegics to walk outside of the lab. Outside reviews have shown that ReWalk
 exoskeletetons can successfully allow walking for up to 10 minutes at a time after training. (Esquenazi et al. 2012)
 Earlier this year, the first paraplegic person took their ReWalk machine home, where they use it regularly. (CBS News
 2014) Based on these trends, I predict that in the future exoskeletons will become ubiquitous among both disabled and
 abled users. Exoskeletons are no longer science fiction, but a growing part of the world around us.
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