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ENERGETICALLY AUTONOMOUS TACTICAL ROBOT 

(EATRÊ)

ü Concept [patent pending]: an 

autonomous robotic vehicle able to 

perform long -range, long -endurance 

missions indefinitely without the 

need for conventional refueling

ü Robotic vehicle forages: 

biologically -inspired, organism -like 

behavior the equivalent of eating

ü Can find, ingest, and extract energy 

from biomass in the environment 

(and other organically -based energy 

sources)

ü In addition to vegetation , EATRÊ 

can also use conventional or 

unconventional fuels (e.g., heavy 

fuel, gasoline , natural gas, diesel, 

kerosene , propane , coal, solar, 

algae, cooking oil)



EATRÊ: RATIONALE AND UTILITY

ü A robotic vehicleôs inherent advantage is 

the ability to engage in long -endurance, 

tedious, and hazardous tasks such as RSTA 

(Reconnaissance, Surveillance, and Target 

Acquisition) without fatigue or stress

ü Advantage is diminished by need to 

replenish fuel supply

ü EATRÊ provides :

ü Revolutionary increase in robotic ground 

vehicle endurance and range

ü Ability of robot to perform extended 

missions autonomously

ü Ability to occupy territory and perform 

missions with sensors or weapons 

indefinitely

ü Long -range, long -endurance unmanned 

ground vehicles (UGVs) can complement 

the missions of long -range, long -endurance 

unmanned air vehicles (UAVs)



EATRÊ: OTHER COMBAT MISSIONS

ü In addition to missions requiring 

long -range, long -endurance 

ability, the EATRÊ can provide 

direct support to combat units 

without requiring labor or materiel 

logistics support for refueling

ü EATRÊ could forage for its own 

energy while the unit rested or 

remained in position 

ü EATRÊ, with a heavy -duty robotic 

arm and hybrid external 

combustion engine, could provide 

direct support to combat units by:

ü Carrying the unitôs backpacks and 

other material (the mule function)

ü Provide RSTA, weapons support, 

casualty extraction, or transport

ü Provide energy to recharge the 

unitôs batteries or directly power 

command and control centers 



EATRÊ: COMMERCIAL APPLICATIONS

ü EATRÊ can be configured on 

various platforms to perform a 

variety of applications

ü Agriculture

üEATRÊas an agricultural 

system can obtain energy by 

gleaning waste vegetation 

from the field

ü Forestry

üEATRÊcan seek and destroy 

invasive (or illegal) plant 

species in forests

ü Law Enforcement

üEATRÊcan patrol borders in 

remote areas or provide long -

endurance reconnaissance 

and surveillance



EATRÊ PROJECT TECHNICAL OBJECTIVES

ü Initial objective is to develop and 
demonstrate a proof -of -concept 
system  
ü Demonstration of a full operational 

prototype is the objective for a 
subsequent Phase III 
commercialization project

ü The project will demonstrate the 
ability of the EATRÊ to: 
ü Identify suitable vegetation 

sources of energy and distinguish 
those sources from unsuitable 
materials (e.g., wood, grass, or 
leaves from rocks, metal, or glass)

ü Spatially locate and manipulate the 
sources of energy (e.g., cut or 
shred to size, grasp, lift, and 
ingest); and 

ü Convert the biomass to sufficient 
electrical energy to power the 
EATRÊ subsystems



EATRÊ: TECHNICAL APPROACH

ü Four major subsystems:

ü Robotic mobility platform: mission 

mobility, EATRÊsupport subsystems 

(batteries, power conversion and 

conditioning), mission payload, and 

payload support subsystems

ü Autonomous control system/sensors :

allow platform to find and recognize 

suitable biomass energy sources and 

manipulate material with arms and end 

effectors 

ü Robotic arms and end effectors: gather 

and manipulate combustible energy 

sources (prepared by shredder which 

will ingest and process vegetation into 

combustion chamber)

ü External combustion engine: hybrid 

engine system (combustion chamber, 

power unit, and battery)
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EXAMPLE EATRÊ PLATFORM

ü The autonomous robotic mobility platform is not essential to the 

EATRÊ proof-of-concept demonstration ïbut it is required for 

the commercialization phase 

ü Provides mobility for the mission and mission payload

ü May consist of any suitable vehicle



EXAMPLE EATRÊ PLATFORM
ü The experimental prototype 

platform for the 

commercialization phase may 

consist of any suitable 

automotive vehicle, such as a 

purely robotic vehicle, a 

robotically -modified High 

Mobility Multi -Wheeled 

Vehicle (HMMWV), or a 

robotically -modified all -

electric truck



AUTONOMOUS INTELLIGENT CONTROL: 4D/RCS

ü The autonomous intelligent control subsystem will consist of the 4D/RCS (three 

dimensions of space, one dimension of time, Real -time Control System) 

architecture, with new software modules which we will create for the EATRÊ  

ü Under development for more than three decades, with an investment exceeding $125 

million, by the Intelligent Systems Division (ISD) of the National Institute of Standards 

and Technology (NIST), an agency of the U.S. Department of Commerce 

ü Demonstrated successfully in various autonomous intelligent vehicles, and a variation 

of the 4D/RCS, with $250 million in developmental funding, served as the Autonomous 

Navigation System (ANS) mandated for all robotic vehicles in the Armyôs Future Combat 

System (FCS)

ü NIST is assisting in the transfer of the 4D/RCS for the EATRÊ project  
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AUTONOMOUS INTELLIGENT CONTROL: 4D/RCS

ü The control subsystem will also 
include the sensors needed for 
the demonstration (e.g., optical, 
ladar, infrared, and acoustic)  

ü NIST 4D/RCS architecture will 
provide EATR prototype with 
autonomous vehicle mobility & 
allow EATRÊ proof -of -concept 
to: 

ü Control the movement and 
operation of the sensors, 
process sensor data to provide 
situational awareness such that 
the EATRÊ is able to identify 
and locate suitable biomass for 
energy production 

ü Control the movement and 
operation of the robotic arm and 
end effector to manipulate the 
biomass and ingest it into the 
combustion chamber 

ü Control the operation of the 
hybrid external combustion 
engine to provide suitable power 
for the required functions    



AUTONOMOUS INTELLIGENT CONTROL: 4D/RCS

ü The 4D/RCS is a framework in which sensors, sensor processing, 
databases, computer models, and machine controls may be linked and 
operated such that the system behaves as if it were intelligent  

ü It can provide a system with functional intelligence (where intelligence
is the ability to make an appropriate choice or decision) 



AUTONOMOUS INTELLIGENT CONTROL: 4D/RCS

ü The 4D/RCS is a domain -independent 

approach to goal -directed, sensory -

interactive, adaptable behavior, integrating 

high -level cognitive reasoning with low -

level perception and feedback control in a 

modular, well -structured, and theoretically 

grounded methodology  

ü It can be used to achieve full or supervised 

intelligent autonomy of individual platforms, 

as well as an overarching framework for 

control of systems of systems (e.g., 

incorporating unmanned and manned air, 

ground, sea surface, and undersea 

platforms, as well as serving as a decision 

tool for system of systems human 

controllers)



AUTONOMOUS INTELLIGENT CONTROL: 4D/RCS

ü The 4D/RCS architecture is particularly well suited to support 

adaptability and flexibility in an unstructured, dynamic, tactical 

environment  

ü It has situational awareness, and it can perform as a deliberative or reactive 

control system, depending on the situation  

ü The 4D/RCS is modular and hierarchically structured with multiple 

sensory feedback loops closed at every level

ü This permits rapid response to changes in the environment within the 

context of high -level goals and objectives



AUTONOMOUS INTELLIGENT CONTROL: 4D/RCS

ü At the lowest (Servo) level, the 4D/RCS closes actuator feedback control 

loops within milliseconds  

ü At successively higher levels, the 4D/RCS architecture responds to 

more complex situations with both reactive behaviors and real -time re -

planning  
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AUTONOMOUS INTELLIGENT CONTROL: 4D/RCS

ü For example, at the second (Primitive) level, the 4D/RCS reacts to inertial accelerations and 

potentially catastrophic movements within hundredths of a second

ü At the third (Subsystem) level, the 4D/RCS reacts within tenths of a second to perceived 

objects, obstacles, and threats in the environment

ü At the fourth (Vehicle) level, the 4D/RCS reacts quickly and appropriately to perceived 

situations in its immediate environment, such as aiming and firing weapons, taking cover, or 

maneuvering to optimize visibility to a target 

ü At the fifth (Section) level, the 4D/RCS collaborates with other vehicles to maintain tactical 

formation or to conduct coordinated actions 

ü At the sixth (System of Systems) level, which has not yet been implemented, the 4D/RCS 

serves as an overarching intelligent control and decision system for (all or part of) a manifold 

of distributed unmanned and manned platforms, unattended sensors and weapons, and 

control centers 
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AUTONOMOUS INTELLIGENT CONTROL: 4D/RCS

ü At each level the 4D/RCS combines perceived information from sensors with a 

priori knowledge in the context of operational orders, changing priorities, and 

rules of engagement provided by a human commander  

ü At each level, plans are constantly recomputed and reevaluated at a range and 

resolution in space and time that is appropriate to the duties and responsibilities 

assigned to that level  

ü At each level, reactive behaviors are integrated with real -time planning to enable 

sensor data to modify and revise plans in real -time so that behavior is appropriate 

to overall goals in a dynamic and uncertain environment 

ü This enables reactive behavior that is both rapid and sophisticated  



AUTONOMOUS INTELLIGENT CONTROL: 4D/RCS

ü At the section level and above, the 4D/RCS supports collaboration between 

multiple heterogeneous manned and unmanned vehicles (including 

combinations of air, sea, and ground vehicles) in coordinated tactical 

behaviors 

ü The 4D/RCS also permits dynamic reconfiguration of the chain of command, so 

that vehicles can be reassigned and operational units can be reconfigured on 

the fly as required to respond to tactical situations


