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Abstract: As America’s global adversaries increase their capabilities on the battlefield, US military forces must enhance 
warfighter’s survivability, lethality, and mobility. These needs can be met by augmenting warfighters with additional 
equipment. The increased use of equipment, however, creates an additional need for an exoskeleton that can support the added 
equipment, while also augmenting the warfighter’s mobility. Traditionally, exoskeletons have had acceptance issues related to 
poor operational mobility. USSOCOM is building the Tactical Assault Light operator Suit (TALOS) as the next generation of 
these armored exoskeletons.  This paper explains the methodology for developing a test plan to ensure adequate mobility for 
the warfighter wearing the TALOS system. Operational missions were decomposed into tasks which were further broken down 
into individual movements. Motion capture data was used to determine the angles and angular velocities imposed on relevant 
joints during these movements. This information was mapped to a set of exercises that were then compiled into a test plan, 
which can be used during the testing phase to ensure proper mobility for operators utilizing the system. 
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1. Introduction

“Several years ago during a hostage rescue operation in Afghanistan, a SOF (Special Operations Forces) warrior was 
killed going through the door. Afterwards, one of the young officers asked me a question I couldn’t answer. He said, ‘after a ll 
these years in combat, why don’t we have a way to protect our operators going through the door?’ With all the advance in 
modern technology, I know we can do better. Consequently, at SOCOM (Special Operations Command) we have established 
a program called … TALOS.” (McRaven, 2015) 

Admiral (retired) William McRaven’s quote demonstrates an increased need for warfighters to be equipped with the 
latest technology to improve their survivability, lethality, and mobility. Thus the Tactical Assault Light Operator Suit program 
was created to enhance these capabilities for operators engaged in traditional and future mission sets. The objective of TALOS 
is to increase warfighter survivability by providing armor protection to 100 percent of the body. This objective necessitates an 
implemented exoskeleton to support the weight of the armor and provide enhanced mission performance. 

Historically, exoskeleton development has faced significant design challenges in that the exoskeleton hinders the 
operator’s range of motion. This paper explains the methodology for developing a test plan to ensure adequate mobility for 
operators utilizing the TALOS system. To develop this test plan, missions were broken-down into tasks which were further 
broken-down into individual movements.  Motion capture data of the individual movements were collected and analyzed to 
determine the relevant range of joints angles and angular velocities. The individual movement analysis information was then 
compared to a set of exercises in order to choose relevant exercises to compile into a test plan. 

2. Historic Issues with Exoskeletons

The TALOS program is not the first to attempt human augmentation via a powered exoskeleton. There have been 
multiple military and commercial organizations that attempted human augmentation with varying degrees of success. Several 
of the exoskeletons were designed to enhance a warfighter’s combat capability, similar to what TALOS is trying to accomplish, 
while others were built for ergonomic or medical purposes. For example, the Ekso Wearable Bionic Suit was designed to assist 
individuals who are not able to move their lower extremities on their own (Mertz, 2012). Similarly, the Japanese HAL-5 suit 
was designed to allow the user to drastically increase lifting and movement capabilities (Cyberdyne, 2015). Both suits have 
achieved a limited level of commercial success. 

Other military programs have arisen over the years to create combat oriented suits. One such attempt is the Land 
Warrior Project which started in 1994 to provide soldiers advanced situational awareness and communication capabilities. The 
suit required a substantial amount of additional electronics which necessitated a passive exoskeleton. The exoskeleton 
component was abandoned because it could not provide enough mobility to be accepted by soldiers (Burch, 2001).  Another 
military exoskeleton project is the Warrior Web Program, funded by the Defense Advanced Research Program Agency 
(DARPA).  Warrior Web is developing a lower-body exoskeleton that decreases the total load carried by a soldier that 
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