
T
oday’s exoskeletons are a far cry from Marvel’s Iron Man, but 
Tony Stark had the advantage of an arc reactor and almost 
unlimited power. Iron Man also has powerful servos and armor 
that gods and aliens have a hard time cracking. 

Luckily, practical, wearable exoskeletons are not a cartoon dream. While 
they are expensive and have significant limitations (such as limited run time), 
they are nevertheless proving to be invaluable in areas such as medical and 
industrial applications. 

Medical applications include support for rehabilitation and gait training, as 
well as providing long-term mobility. The Japanese Orthopedic Association 
(JOA) refers to musculoskeletal disorders as Musculoskeletal Ambulation 
Disability Symptom Complex, or MADS. This encompasses patients with spi-
nal cord or traumatic brain injuries, cerebrovascular diseases, diseases of the 
brain, and neuromuscular system problems. 
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Exoskeletons have many advantages over other alternatives, like medical scooters (such 
as the one my father uses). An exoskeleton moves the limbs, allowing the user to stand 
upright rather than sit. It also enables users to navigate areas like steps that a scooter can-
not. Some systems can also allow paraplegic users to walk. Of course, a scooter tends to 
be more power-efficient and it can incorporate a significantly larger battery. They 
are also much less expensive than the current crop of exoskeletons. 

Many medical exoskeleton platforms are part of the medical Internet of 
Things (IoT), with wireless communication used to do everything from moni-
toring a user’s progress to configuring the capabilities and operation of the 
exoskeleton. Many systems allow this to be done with a smartphone or tablet. 

Part of the system design challenge is to provide support for doctors and 
therapists, as well as users. Some systems will be employed in a rehabilita-
tion setting, while others will be used for personal mobility augmenting or 
replacing wheelchairs or other devices. 

ReWalk Robotics’ ReWalk Personal System (Fig. 1a), Ekso Bion-
ics’ Ekso (Fig. 1b), Parker Hannifin’s Indego (Fig. 2a) and Cyberdyne’s 
HAL (Hybrid Assistive Limb) (Fig. 2b) address medical applications. 
All have a similar architecture−an external frame attached to the opera-
tor using Velcro belts and shoes. With this configuration, the frame helps 
support the operator, and provides feedback to the system. The battery and 
control system are usually in a pack on the back of the upper part of the system. 

Weight and strength are critical to designs. More weight complicates overall 
operation and increases power requirements, thereby reducing runtime. Light-
weight composite materials help: Parker Hannifin’s Indego, for instance, weighs  
in at only 26 lb. 

Servos such as accelerometers are found in the joints and sensors, and are located 
throughout the systems. Feedback systems vary among devices. For example, Cyber-
dyne’s HAL detects bio-electric signals (BES) generated by the brain to control mus-
cles. Sensors are attached to the skin to detect BES so that the exoskeleton knows the  
particular desired movement. 

The ReWalk Personal System was approved by the FDA in June 2014. Clinical trials are 
in progress for the other platforms. These system are often combined with arm crutches, 
giving a user additional support and movement control. This will depend on the user’s 
requirements and capabilities. 

Part of the design and deployment challenge is the size range of the operators. Weight 
and height are key factors for delivering multiple configurations or adjustable designs. 
Operating time varies, but is on the order of a few hours. 

Ekso Bionics has a feature called Variable Assist, which allows clinicians to control the 
system’s augmentation based on a patient’s strengths and limitations. It allows weaker 
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Assistance system is controlled by a Single-Board RIO. The RIO 
architecture is based around an FPGA that proved valuable dur-
ing the design process—the architecture changed several times, 
including drastic changes in the control architecture and sensor 
system. The new sbRIO-9651 System on Module (SOM) helped 
reduce the weight of the system by 10 kg while maximizing the 
battery efficiency. 

The Hyundai design consists of two modules that can be used 
together or independently. These include 
the Hip Modular Exoskeleton and Knee 
Modular Exoskeleton.

The HULC (Human Universal Load 
Carrier) (Fig. 3) is a joint research project 

between Berkeley Robotics and Human 
Engineering Laboratory, Ekso Bionics, 
and Lockheed Martin for the U.S. Army 
Natick Soldier Research Development 
and Engineering Center (NSRDEC). 
It is designed to help soldiers carry up 
to 200 lb. of gear while reducing strain 
on the body. HULC needed to address  
rugged environments, including sand, 
wind, rain, and extreme temperature and 
humidity conditions. 

The HULC’s  anthropomorphic 
design used hydraulics to provide lift. 
The on-board computer handles input 
from sensors and control of the hydrau-
lic system. The system was designed in 
a modular fashion so that components 
could be easily replaced in the field. The 
system was also designed to support the 
full load even when battery power was 
low or exhausted. 

TAKING THE LOAD

Providing mechanical assists to peo-
ple can be done in a number of ways. 
For example, General Motors and NASA 
developed RoboGlove to help grip tools 
and objects (see “Electromechanical 

Medical Marvels” on electronicdesign.com). This can help pre-
vent problems such as cramps and repetitive stress, since the 
glove provides the compression instead of fingers. 

Lockheed Martin’s FORTIS (Fig. 4) is a mechanical engi-
neer’s dream. The unpowered exoskeleton is designed to 
offload the weight of heavy tools up to 36 lb. to reduce the 
stress on the operator. The U.S. Navy is interested in its 
potential to help with shipbuilding. The mechanical linkages 

patients to become more stable quickly. The Adaptive Assist makes 
it possible for the system to dynamically adjust its support so that 
the user has a smooth and consistent gait. The Fixed Assist provides 
a fixed amount of power, and it is usually configured based on data 
acquired using the Adaptive Assist. 

For initial training, Ekso’s FirstStep allows clinicians to initiate 
actions like steps. ProStep support is used as patients progress; 
they can adjust their hips forward and move them laterally as more 

natural movement is achieved. 
Parker Hannifin’s Indego uses vibratory feedback to indicate balance 
and LED indicators to provide status, along with a mobile app to help 
with gait learning and teaching. The system uses postural cues to 
help mimic natural movement, including actions like leaning for-
ward when standing up. The entire system breaks down to fit inside 

a rolling suitcase. 
Medical use of exoskeletons is more demanding than exo-
skeletons that simply enhance movement. Not only must they 

must track the user’s movements, but they also must pro-
vide correction or assistance to improve those move-

ment. The exoskeletons also provide significantly 
more feedback to clinicians and doctors so that they 
can track a patient’s progress. 

EXOSKELETON RESEARCH

Exoskeleton research is pervasive, and firms like Hyundai Motor Company are 
pushing the envelope. The company is using tools like National Instruments’ Lab-
VIEW to design the control systems. The Hyundai Wearable Robotics for Walking 

3. The HULC (Human Universal Load Carrier) uses hydraulics to provide heavy lifting capabilities. 
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2. Indego’s (a) and Cyberdyne’s (b) offerings 

are good examples of state-of-the-art  

exoskeletons.

“
Part of the design and 
deployment challenge  

is the size range of the  
operators. Weight and height  
are key factors for delivering  
multiple configurations.”
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transfer the load of the tools to the ground. 
The operator simply repositions the frame. 
Counterweights and support points allow 
tools to be used almost as if the operator 
was in a weightless environment. A zeroG 
Arm is attached to the thigh portion of the 
frame, and the tool is attached to a gimbal 
on the arm. The technology is very similar 
to that used in the Steadicams, which are 
often found on movie sets and filming of 
sporting events. 

The advantage of FORTIS is that it reduc-
es muscle fatigue by up to 300%, thereby 
increasing productivity. On top of that, the 
exoskeleton can help minimize the number 
of accidents that often take place while oper-
ating heavy equipment. 

Exoskeleton development is continu-
ing among these and other companies. In 
the future, look for reduced cost, increased 
capabilities, and a wider range of applica-
tions. Medical applications remain a pri-
mary focus for many involved in the system’s 
design, but challenges still linger in terms of 
approval, availability, and cost. 

4. Lockheed Martin’s 

FORTIS is designed to 

offload the weight of 

heavy tools rather than 

providing mobility to  

the operator. 
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