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ABSTRACT 
 

The introduction of automation systems into many of the facilities dealing with the 
production, use and disposition of nuclear materials has been an ongoing objective.  Many 
previous attempts have been made, using a variety of monolithic and, in some cases, modular 
technologies.  Many of these attempts were less than successful, owing to the difficulty of the 
problem, the lack of maturity of the technology, and over optimism about the capabilities of a 
particular system.   Consequently, it is not surprising that suggestions that automation can reduce 
worker Occupational Radiation Exposure (ORE) levels are often met with skepticism and 
caution.  The development of effective demonstrations of these technologies is of vital 
importance if automation is to become an acceptable option for nuclear material processing 
environments.   

The University of Texas Robotics Research Group (UTRRG) has been pursuing the 
development of technologies to support modular small automation systems (each of less than 5 
degrees-of-freedom) and the design of those systems for more than two decades.  Properly 
designed and implemented, these technologies have a potential to reduce the worker ORE 
associated with work in nuclear materials processing facilities.  Successful development of 
systems for these applications requires the development of technologies that meet the 
requirements of the applications.  These application requirements form a general set of rules that 
applicable technologies and approaches need to adhere to, but in and of themselves are generally 
insufficient for the design of a specific automation system.  For the design of an appropriate 
system, the associated task specifications and relationships need to be defined.  These task 
specifications also provide a means by which appropriate technology demonstrations can be 
defined. 

Based on the requirements and specifications of the operations of the Advanced Recovery 
and Integrated Extraction System (ARIES) pilot line at Los Alamos National Laboratory 
(LANL), which are considered to be representative of nuclear material handling glove box 
operations, the UTRRG has developed three task demonstration concepts to evaluate modular 
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small automation systems.  These demonstrations, utilizing 2 to 3 degree-of-freedom systems, 
include container movement, material transfer via pouring, and container loading.  Based on an 
analysis of the ARIES pilot line specifications, these three simple demonstrations are considered 
to be similar to approximately 50% of the tasks in the ARIES pilot line.   

Since these task demonstrations functionally represent basic tasks, they are representative 
of the current potential of modular small automation technology to a wide spectrum of hazardous 
applications extending beyond the ARIES pilot line.  The selection of these three 
demonstrations, their design and their effectiveness in demonstrating the potential of modular 
small automation technology are discussed. 
 
1. INTRODUCTION 
 
 In order to address the general skepticism of the nuclear materials handling community 
with respect to the utility of automation, effective demonstrations of automated systems capable 
of performing nuclear material handling tasks in real environments are vital.  These 
demonstrations must address the realities of the requirements and specifications of these tasks.  
The ARIES pilot line at LANL is considered to be a typical “customer” for these automation 
technologies. 
 Workers utilizing Personal Protective Equipment (PPE) are the primary means by which 
material processing is performed in ARIES.  This PPE can hamper processing by limiting the 
dexterity of the workers, making even simple tasks extraordinarily difficult to perform, a fact for 
which many automation solutions have failed to account.  Furthermore, while PPE can reduce 
ORE, it by no means eliminates it.   
 In addition to PPE, ARIES operates like many nuclear material processing systems 
within a contained glove box environment.  The challenges of working in PPE are compounded 
by the need to work in lead lined gloves while peering through a window.  A typical glove box is 
shown in Figure 1. 
 

 
Figure 1.  A typical glove box showing glove ports and windows (left) and an airlock (right). 
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1.1. ARIES OVERVIEW 
 

ARIES, as currently configured consists of five separate glove boxes, connected to a 
common spine, through which materials are exchanged.  Plutonium parts enter the Bisector glove 
box (a lathe is to be added in parallel with the bisector) where they are sectioned into smaller 
pieces.  Those pieces are sent to either the Hydride/Dehydride glove box where they are 
converted into Plutonium “Pucks” via a furnace, or to the Hydox glove box where they are 
converted to Plutonium Oxide (PuO2) via a reactor furnace.  The resulting products are placed in 
Food Pack Cans (FPC) which is then placed inside a stainless steel convenience can (CC) which 
is then welded shut in the Canning glove box.  The CC is then leak checked, electrolytically 
decontaminated, and radiation checked before being released from the ARIES line.  Plans call for 
the Canning and Electrodecon glove boxes to be combined into a single glove box.  The process 
is shown in Figure 2. 
 

 
Figure 2.  ARIES Process Description. 

 
1.2. ARIES REQUIREMENTS 
 
 The requirements of the ARIES pilot line can be classified as technological, operational, 
and universal.1, 2  These requirements are summarized in Table 1.  Technological requirements, 
such as payload rating, dimensions, or environmental compatibility with the inside of a glove 
box, become the responsibility of the selected vendor, in this case, ARM Automation, Inc.3 who 
has designed modular components specifically for this application.  Operational requirements are 
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the focus of the demonstrations whose design is the subject of this work.  The demonstration 
designs discussed later in this paper are intended to demonstrate that modular systems can be 
designed, assembled, operated and maintained within the constraints of a glove box environment 
to perform characteristic nuclear material handling tasks.  Universal requirements can be best 
addressed once a demonstration system is in operation. 
 
Table 1.  Automation Requirements Summary.4 
Requirement Type Requirement Method of Addressing Requirement 

Radiation, Chemicals, 
Particulates 

Vendor design parameters verified through DOE testing and 
evaluation. 

Atmosphere Vendor design parameter. 
Airlock Compatible Vendor design parameter, verified with a comparison to DOE 

airlock dimensions. 

Technological 

Payload Rated Vendor design parameter. 
System Design Simulation and Demonstration Evaluation. 
Tooling Determined by an evaluation of each object to be handled. 
Speeds Speeds < 10 inches/sec, and Accelerations < 1 inch/sec2. 
 
Maintenance 

Assembly, Disassembly, Reconfiguration, and Removal 
demonstrations. 

Operational 

Reliability “Hot” and “Cold” Acceptance Testing by DOE. 
User Interfaces Evaluation of the user interface during system design and 

testing. Universal 
Safety DOE mandated safety reviews and evaluations during and 

after the design process. 

 
1.3. ARIES SPECIFICATIONS 
 
 The demonstrations developed to demonstrate the potential of modular automation 
technologies were selected on the basis of the specifications developed for the ARIES pilot line.  
Details concerning the development of these specifications can be found in Cox, et al4 and 
Turner, et al.5  The tasks which comprise the ARIES line were categorized as Material 
Movement, Material Positioning and Orientation, Process Control and Coordination, Sensing, 
and Inspection.  (Only a few tasks do not fit these categories, and are therefore classified as 
“other.”)  These fundamental task types are common to many glove box and nuclear material 
handling operations.  The specifications analysis for the ARIES pilot line is summarized in 
Tables 2 and 3. 
 
Table 2.  Summary of task types by glove box and task type for the current ARIES pilot line 
configuration. 

 

 
 

Glove Box Total
Movement Orientation Process Control Sensing Inspection Other Tasks

Bisector 13 2 9 2 2 8 36
Hydride/Dehydride 30 2 13 5 1 6 57

Hydox 53 10 13 4 1 11 92
Canning 8 3 1 3 1 5 21
Decon 23 5 13 5 2 4 52

Totals 127 22 49 19 7 34 258

Task Type
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Table 3.  Summary of task type by glove box and task type for the current ARIES pilot line 
configuration by percentage. 

 

 
 From this analysis, it is clear that Material Movement tasks dominate the operations of 
the ARIES pilot line.  Developing automated system demonstrations that can address this 
demand is vital.  The remainder of this paper considers the methodology employed to design 
these demonstration systems, the design of three of these demonstration systems, and their 
relationship to a simulation approach intended to relate the effectiveness of these demonstrations 
to the demands of the ARIES pilot line. 
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Figure 3.  Configuration Management Process.6 

Glove Box % of Total
Movement Orientation Process Control Sensing Inspection Other Tasks

Bisector 5.04% 0.78% 3.49% 0.78% 0.78% 3.10% 13.95%
Hydride/Dehydride 11.63% 0.78% 5.04% 1.94% 0.39% 2.33% 22.09%

Hydox 20.54% 3.88% 5.04% 1.55% 0.39% 4.26% 35.66%
Canning 3.10% 1.16% 0.39% 1.16% 0.39% 1.94% 8.14%
Decon 8.91% 1.94% 5.04% 1.94% 0.78% 1.55% 20.16%

Totals 49.22% 8.53% 18.99% 7.36% 2.71% 13.18% 100.00%

Task Type
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2. DEMONSTRATION DEVELOPMENT METHODOLOGY 
 
 The development of three demonstrations to evaluate the effectiveness of modular small 
automation work cell systems in nuclear materials handling applications was conducted utilizing 
a methodology referred to by the UTRRG as configuration management.6, 7  This methodological 
process is diagrammed in Figure 3.  Previous work has described the process involved in the 
“Requirements Gathering” and “Task Decomposition” steps in the configuration management 
process.1, 5, 6, 7  This paper focuses on the “Conceptual Configuration” and “Configuration 
Refinement” steps in the process. 
 This application of the configuration management methodology takes sets of targeted 
applications from the ARIES specifications research, knowledge of the logistics and constraints 
that these processes operate under within ARIES, and applies the knowledge of several robotic 
system designers to arrive at a conceptual configuration for a demonstration system targeted at a 
specific set of tasks.  These task sets were identified as being representative of a significant 
percentage of the automation tasks that occur in the ARIES pilot line.  As might be expected, 
these demonstrations focus on tasks related to the “Material Movement” category, which the 
ARIES specifications analysis identified as the most prevalent type of task in this application.  
The same is believed to be true of most nuclear material handling operations. 
 
3. DEMONSTRATIONS 
 
 Three characteristic hardware demonstrations designed to demonstrate the potential of 
modular small automation work cells in nuclear material handling operations are can movement, 
material pouring and puck placement.  Each demonstration was designed around a single 2 or 3 
degree-of-freedom modular system.  Thus, all three demonstrations utilize the same set of 
actuator components, although in different configurations.  It should be noted that the tasks for 
each of these manipulators was designed around that manipulator, as opposed to designing a 
manipulator to replicate a task as would be necessary in order to retrofit automation into the 
existing ARIES pilot line.  These demonstrations provide a basis for utilizing simulations to 
demonstrate more complex tasks and automation arrangements comprised of multiple 
manipulator systems. 
 
3.1. CAN MOVEMENT DEMONSTRATION 
 
 The can movement demonstration was developed out of the common theme of moving a 
cylindrical can (potentially of several different types) around a glove box.  Some of the can types 
used in ARIES are shown in Figure 4.  Typical operations included receiving a can from the 
airlock, weighing it, placing the can in a work area, and returning it to the airlock.  Similar 
operations occur in all five of the ARIES glove boxes.  Based on the concept suggested by this 
common thread of operations, the task specifications for the demonstration were developed as 
shown in Table 4. 
 In this scenario, a FPC arrives via an airlock.  The can is moved from the airlock tray to 
the scale where it is weighed.  The FPC is then moved to a work area on the floor of the glove 
box.  A TA55 Can located in another work area is then picked up from the floor, transferred to 
the scale and weighed.  The TA55 Can is then returned to another work area on the floor of the 



 

 8 

glove box.  The manipulator then retrieves the FPC from its work area and places it on the 
airlock tray so that it may exit the glove box. 
  

 
Figure 4.  Example Cans Used in Aires Line - A) TA55-7”, B) TA55-5.5”, C) Welded 
Convenience Can (CC), D) Food Pack Can (FPC). 

 
Table 4.  Can Movement Demonstration Task Specifications. 
Operation Task
Number Description Movement Orientation Process Control Sensing Inspection Other

1 FPC Can Received from Airlock 1
2 FPC Can Located 1
3 Arm Moved From Floor1 to FPC 1
4 Gripper Grabs FPC 1
5 Arm Moves From Tray to Scale 1
6 Tray Withdrawn 1
7 Gripper Releases FPC 1
8 FPC Weighed 1
9 Gripper Grabs FPC 1

10 Arm Moves From Scale to Floor1 1
11 Gripper Releases FPC 1
12 Arm Moves From Floor1 to TA-55 1
13 Gripper Grabs TA-55 1
14 Arm Moves From Floor2 to Scale 1
15 Gripper Releases TA-55 1
16 TA-55 Weighed 1
17 Gripper Grabs TA-55 1
18 Arm Moves From Scale to Floor3 1
19 Gripper Releases TA-55 1
20 Arm Moves From Floor3 to FPC 1
21 Tray Enters Glovebox 1
22 Gripper Grabs FPC 1
23 Arm Moves From Floor1 to Tray 1
24 Gripper Releases FPC 1
25 Arm Moves From Tray to Floor1 1
26 Tray Withdrawn 1
27 Airlock Closed 1
28 Glove Box Reset 1

(28 Total Tasks) Totals 22 1 2 3

Task Type

 
 

A comparison of these specifications with the ARIES pilot line task specifications 
suggests that these tasks are functionally identical to 16.7% of the ARIES tasks, and are 
functionally similar to an additional 34.1% of the tasks in the ARIES pilot line.  This 
demonstration represents a significant proportion of the automatable tasks in the ARIES pilot 
line. Based on the task specifications given in Table 4, and a specifications analysis performed in 
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the same manner as described by Turner, et al5 for the ARIES line as a whole.  A 2 degree-of-
freedom system was devised for this demonstration, as shown in Figure 5.   

 

  
Figure 5.  Can Movement Demonstration Concept. 

 
This system takes advantage of the flexibility offered by the demonstration to locate the 

scale, airlock tray, and work area in a circular region around the manipulator, allowing it to be 
performed with a single roll and a single pitch degree of freedom.  Based upon the geometric 
constraints of the demonstration glove box, a link length of 33 inches was established.  This 
dimension suggested that the roll joint could be a smaller ARM20 actuator (40 N•m of 
continuous torque), but that the pitch joint would have to be the larger ARM32 actuator (137 
N•m of continuous torque).  The gripper selected was a standard 2 finger gripper, although a 
more specialized gripper may be necessary to enable a firm grasp on the cans. 

The simplicity of this design offers several advantages, including the ability to optimize 
the location of the robot, and the length of its link to prevent collisions with the glove box sides, 
glove ports, or windows.  Motion limiting software and physical hardstops could then be 
employed to protect the robot from a collision with the floor of the glove box. 
 
3.2. POURING DEMONSTRATION 
 
 The pouring demonstration is based upon a set of tasks in the Hydox glove box.  The 
product of the reactor furnace is PuO2, which is a granular, sandy material with flow properties 
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similar to Aluminum Oxide (Al2O3) or cinnamon.  In the ARIES pilot line, this operation 
involves close worker contact with radioactive PuO2 and consequently an equivalent ORE dose.  
In addition, this step represents a significant potential for material spillage and thus a challenge 
for automation.  This material is shown in Figure 6.  While this is a unique operation in the 
ARIES pilot line, it represents an excellent demonstration opportunity.  The task specifications 
are shown in Table 5. 
 

 
Figure 6.  Plutonium Oxide produced by the Hydox reactor furnace. 

 
Table 5.  Pouring Demonstration Task Specifications. 
Operation Task
Number Description Movement Orientation Process Control Sensing Inspection Other

1 TA55 Can And FPC received from Airlock 1
2 Arm Located to TA55 Can 1
3 Gripper Closed to Grip TA55 Can 1
4 Arm Moved to above FPC 1
5 Mateial Poured from TA55 Can to FPC 1
6 Arm Returned to the Initial Position 1
7 Grippe Opened to Release TA55 Can 1

(7 Total Tasks) Totals 5 1 0 0 0 1

Task Type

 
 
 The task plan for this demonstration is very simple.  A TA55 can containing Al2O3 and a 
FPC enters through the airlock and are moved to the work area by the manipulator.  The contents 
of the TA55 can are then poured into the FPC utilizing a pouring funnel built into a grinding 
station (used to break up lumps in the PuO2 or in this case the Al2O3).  This demonstration 
approximates an operation that occurs in the ARIES Hydox glove box, exactly representing 
11.2% of the ARIES tasks, and is similar to 20.5% of the tasks in the ARIES pilot line.   
 Based on the specifications analysis of the task specifications given in Table 5, a 3 
degree-of freedom (roll - pitch - pitch) manipulator configuration was selected.  This 
configuration is shown in Figure 7.  This design utilizes a single 20 inch link between the two 
pitch joints at the shoulder and wrist.  In this configuration, the torque requirements allow for an 
ARM20 actuator to be employed at both the wrist (pitch) and the roll locations of the 
manipulator.  The remaining shoulder (pitch) joint will utilize an ARM32 actuator due to the 
additional torque requirements. 
 In this scenario, it is even more important to grasp the can securely despite a changing 
center of gravity as material is poured from the TA55 can into the FPC.  As a result, a gripper 
with more than two contact points was identified as being necessary. 
 Like the previous demonstration, optimization techniques can be applied to the system to 
reduce or even eliminate collision potentials with the glove box sides, glove ports or windows.  
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Motion limiting software and physical hardstops can also be employed to prevent manipulator 
collisions with the floor of the glove box. 
 

  
Figure 7.  Pouring Demonstration Concept. 

 
3.3 PUCK PLACEMENT DEMONSTRATION 
 
 The third demonstration developed as a part of this research involved an operation that 
occurs in the Hydride/Dehydride glove box where a Plutonium “puck” (so named because of the 
resemblance to a hockey puck) is picked up from the floor of the glove box and placed in a FPC.  
The task specifications for this demonstration are given in Table 6. 
 
Table 6.  Puck Placement Demonstration Task Specifications. 
Operation Task
Number Description Movement Orientation Process Control Sensing Inspection Other

1 FPC Can Received from Airlock 1
2 Arm Moved to Puck 1
3 Gripper Closed to Hold Puck 1 1
4 Arm Moved to above FPC 1
5 Gripper Opened to Release Puck 1
6 Arm Return to Initial Position 1

(6 Total Tasks) Totals 5 0 0 1 0 1

Task Type

 
 
 Like the pouring demonstration this task plan is simple, but also eliminates another ORE 
source, and demonstrates the ability to handle a different type of object within the ARIES pilot 
line.  This demonstration replicates 9.3% of ARIES tasks, and is similar to an additional 21.3%.   
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The task specification analysis of this demonstration suggested a manipulator similar to 
the 2 degree-of-freedom (roll - pitch) manipulator used in the can movement demonstration, but 
with an additional offset link between the two actuators.  This offset allows the puck to be 
dropped from a better position into the FPC.  This configuration is shown in Figure 8. 
 

  
Figure 8.  Puck Placement Demonstration Concept. 

 
 The configuration refinement of this design suggested that an ARM20 would again 
suffice for the roll axis, while an ARM32 will be necessary for the pitch axis.  This system also 
utilizes a parallel jaw gripper to grasp the puck simultaneously from opposite sides to avoid 
squeezing the puck away from the gripper.  Additional flexibility could be gained from an 
additional pitch degree-of-freedom that would enlarge the region where the puck could be picked 
up from and placed into the FPC. 
 
3.4. DEMONSTRATION BILLS OF MATERIALS 
 
 The three demonstration systems are derived from a common family of modular actuator 
components.  This can be seen from the summary Bills of Materials shown in Tables 7, 8, and 9.  
Due to the design characteristics of modular systems, each demonstration system can be 
assembled on demand, within a glove box environment; i.e. it is possible for workers wearing 
gloves to assemble and disassemble these systems.  It is also easy to maintain these systems by 
removing and replacing any malfunctioning component with a new one received from the 
airlock.  Unused parts for any demonstration would leave the glove box via the airlock between 
demonstrations, and would be reintroduced via the airlock when needed.  No efforts were made 
to standardize the link lengths, however, this will be considered in subsequent design efforts. 
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Table 7.  Bill of Materials for the Can Movement Demonstration. 
Part Name Units Material Specification Manufacturer 
Actuator 1 1 N/a ARM20 ARM Automation, Inc. 
Actuator 2 1 N/a ARM32 ARM Automation, Inc. 

Base Fixture 1 Steel 6”D x 1”L N/a 
Link 1 1 Aluminum 1.6”D x 25.8”L N/a 
Gripper 1 N/a TBD TBD 
Can 1 1 ? TA55 Can LANL 
Can 2 1 ? FPC LANL 

 
Table 8.  Bill of Materials for the Pouring Demonstration. 

Part Name Units Material Specification Manufacturer 
Actuator 1 2 N/a ARM20 ARM Automation, Inc. 
Actuator 2 1 N/a ARM32 ARM Automation, Inc. 

Base Fixture 1 Steel 6”D x 1”L N/a 
Link 1 1 Aluminum 1.6”D x 18”L N/a 
Link 2 1 Aluminum 1.6”D x 18”L N/a 
Gripper 1 N/a TBD TBD 
Can 1 1 ? TA55 Can LANL 
Can 2 1 ? FPC LANL 

 
Table 9.  Bill of Materials for the Puck Placement Demonstration. 

Part Name Units Material Specification Manufacturer 
Actuator 1 1 N/a ARM20 ARM Automation, Inc. 
Actuator 2 1 N/a ARM32 ARM Automation, Inc. 

Base Fixture 1 Steel 6”D x 1”L N/a 
Link 1 1 Aluminum 2.2”D x 20”L N/a 
Link 2 1 Aluminum 2.2”D x 7”L N/a 
Link 3 1 Aluminum 1.6”D x 15”L N/a 
Gripper 1 N/a TBD TBD 

 
4. SYSTEM SIMULATIONS 
 
 The research plan for each demonstration is to implement it in two environments.  First, 
each demonstration would be thoroughly simulated by using a computer to verify the 
manipulator configuration and path planning.  Each demonstration would then be implemented 
in hardware in a laboratory environment.  The results predicted from the simulations would be 
compared to the results achieve in the laboratory setting.  If the laboratory results match the 
results predicted by simulation, is reasonable to suggest that further simulations of other tasks 
may also be used to demonstrate that automation is possible.  Simulations have been conducted 
within RoboWorks8, and are planned for the Cimetrix CIMulation9 environment in the future. 
 This simulation approach is crucial, since the ultimate goal of this research is to 
demonstrate that collections or work cells of small automation systems can successfully perform 
glove box operations.  Rather than employing a single manipulator of 6 or more degrees-of-
freedom in an attempt to automate an entire glove box, this concept uses several smaller but 
independent 2 or 3 degree-of-freedom systems in collaboration to automate glove box 
processing.  Comprised of modular parts from the same manufacturer, a malfunction in one 
system does not prevent continued operations of the remaining systems.  The simulation 
approach has already been applied to simulate automated solutions to the new 
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Canning/Electrodecon glove box designed by Sandia National Laboratory utilizing a Fanuc 
robot.  The validation of this simulation with an actual implementation lends considerable 
confidence to future simulations.  An alternative 4 degree-of-freedom modular manipulator 
design utilizing ARM Automation components for the Canning/Electrodecon glove box was also 
simulated as shown in Figure 9. 
 

  
Figure 9.  Sandia National Laboratory Canning/Electrodecon Glove Box with an ARM 4 
degree-of-freedom Modular Manipulator. 
 
5. CONCLUSIONS AND FUTURE WORK 
 
 All three demonstrations are yet to be implemented in hardware.  In addition, further 
configuration refinement should be undertaken to further optimize the manipulator dimensions 
and locations within the glove box.  Further simulations should also be pursued in the Cimetrix 
CIMulation environment to confirm the validity of these optimized designs prior to 
implementation of the demonstrations in the laboratory.  Successful completion of these 
laboratory demonstrations and validation of the simulations of each demonstration by a 
comparison of the predicted results with laboratory results will lend credence to future 
simulations of small automation work cells within a simulated ARIES glove box. 
 While much remains to be done with respect to proving that small automation work cells 
are a viable solution to the challenges of nuclear material handling, these three demonstrations 
and the associated simulations represent an important step.  Overall, these three demonstrations 
represent a significant portion of the tasks identified within ARIES, as shown in Table 10. 
 
Table 10.  ARIES Tasks Demonstrated. 

Can Moving Pouring Puck Placement All Demonstrations Glove Box 
Exact Similar Exact Similar Exact Similar Exact Similar 

Bisector 25.0% 58.3% 16.7% 25.0% 5.6% 27.8% 25.0% 61.1% 
Hydride/Dehydride 28.1% 45.6% 19.3% 28.1% 21.1% 29.8% 31.6% 49.1% 
Hydox 13.0% 26.1% 8.7% 16.3% 6.5% 15.2% 14.1% 28.3% 
Canning 19.0% 38.1% 9.5% 28.6% 9.5% 33.3% 19.0% 42.9% 
Electrodecon 3.8% 17.3% 3.8% 13.5% 3.8% 13.5% 3.8% 17.3% 
Total 16.7% 34.1% 11.2% 11.2% 9.3% 21.3% 17.8% 36.4% 

 
 On the basis of Table 10, successful implementation of these three demonstrations should 
demonstrate a substantial potential for modular small automation systems to effectively reduce 
ORE in nuclear material handling operations.  Overall, these demonstrations exactly represent 
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17.8% of ARIES tasks, and are functionally similar to an additional 36.4% of the tasks.  Thus, 
these demonstrations represent a promising approach to instilling confidence in automation 
systems for glove box environments and nuclear material handling operations. 
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