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ABSTRACT

This document describes a task analysis for the Tank Waste Retrieval Manipulator System.
A task analysis is a formal method of examining work that must be done by the operators of
human-machine systems. The starting point for a task analysis is the mission that a human-
machine system must perform, and the ending point is a list of requirements for human actions
and the displays and controls that must be provided to support them.

The task analysis approach started with a top-down definition of the steps in a tank retrieval
campaign. It started by dividing a waste retrieval campaign for one single-shell tank into the
largest logical components (mission phases), then subdivided these into secondary components
(subfunctions), and then further subdivided the secondary coraponents into tertiary units (tasks).
Finally, the tertiary units were divided into potentially observable operator behaviors (task
elements). In the next stage of the task analysis, the task elements were evaluated by completing
an electronic task analysis form patterned after one developed by the Nuclear Regulatory
Commission for task analysis of nuclear power plant control rooms. In the final stage, the task
analysis data base was used in a bottom-up approach to develop clusters of controls and displays
called panel groups and to prioritize these groups for each subfunction. Panel groups are clusters
of functionally related controls and displays. Actual control panels will be designed from panel
groups, and panel groups will be organized within workstations to promote efficient operations
during retrieval campaigns.
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1. INTRODUCTION

This document describes a task analysis for the Tank Waste Retrieval Manipulator System
(TWRMS). While the information contained in this document is tentative because the systems
are still evolving, it provides a foundation for control room design efforts. These efforts will
support the design of a test bed control room in the near future and an operational control room
later.

The TWRMS will comprise systems capable of teleoperation and autonomous operations.
While operating these systems, the crew will shift from continuous manual control (e.g., using
master controllers) to symbolic interaction (e.g., selecting actions from a computer menu),
depending on the circumstances. In other words, the human operator's contribution will range
from controlling every movement of the machine by directly controlling servomotor operation to
entering task-level commands. Specifically, operators will carry out some varying mix of five
tasks: (1) programming: storing a behavioral repertoire via symbols, including words;
(2) teaching: storing a behavioral repertoire by stepping through examples; (3) controlling:
exercising continuous manui! control; (4) commanding: control via manipulating symbols to
trigger behavioral repertoires; and (5) monitoring: observing the machine perform commands and
switching to another task as required. A control room for the TWRMS must include workstations
that can support all five user tasks during waste tank remediation campaigns. This document
provides supporting information for the design of such workstations. However, because the
TWRMS is an emerging system, this analysis must be reviewed prior to developing final control
room concepts to ensure that the process model and conclusions contained within it remain
applicable.

Control room design must proceed systematically if it is to be effective. One approach is to
follow three phases: (1) function analysis, (2) task analysis, and (3) design. A task analysis is a
formal method of examining work that must be done by human users. The starting point for a
task analysis is the mission that a human-machine system must perform, and the ending point is a
list of requirements for human actions and the displays and controls that must be provided to
support them. Between the start and the end is a process of dividing and subdividing the work
into smaller yet significant components. The TWRMS task analysis began by defminF the
system mission based on information about the TWRMS mission and system concepts.” The
second step was listing the system components and user functions needed to operate them.? The
third step was to develop, based on what was known from the first two steps, a detailed list of
tasks that might take place during waste retrieval. Section 2 lists the tasks necessary to complete
a waste retrieval campaign for a single storage tank. The final step in the analysis was to use a
formal task analysis method to examine the tasks, with the aim of discovering the human actions
required to carry out the tasks, and the controls and displays necessary within each task. The task
analysis method used was that developed for task analysis of nuclear power plant control rooms,’
with some modifications to account for the special requirements of remote handling systems.
Section 3 describes the outcomes of the task analysis.




The task analysis approach started with a top-down definition of the steps in a tank
remediation campaign. It started by dividing a waste retrieval campaign for one single-shell tank
into the largest logical components, then subdivided these into secondary components, and then
further subdivided the secondary components into tertiary units. Finally, the tertiary units were
divided into potentially observable operator behaviors. The highest level components are called
mission phases, the secondary components are called subfunctions, the tertiary units arc called
tasks, and the observable operator behaviors are called task elements.

In the next stage of the task analysis, the list of mission phases, subfunctions, tasks, and task
elements was evaluated by completing an electronic task analysis form patiecrned after one
developed by the Nuclear Regulatory Commission (NRC) for task analysis of nuclcar power
plant control rooms. The task analysis form allows determination of the controls and displays
necessary for each task element, and the entire set of completed forms provides a task analysis
data base for tank remediation.

In the final stage of the task analysis, the task analysis data base was used in a bottom-up
approach to develop clusters of controls and displays called panel groups and to prioritize these
groups for each subfunction. Panel groups are clusters of functionally related controls and
displays. Actual control panels will be designed from panel groups, and panel groups will be
organized within workstations to promote efficient operations during remediation campaigns.

The task analysis assumes that the TWRMS gantry is in place over the subject tank and that
the long reach manipulator (LRM) and auxiliary systems are ready for activation. The mission
profile is based c the operating scenario for single-shell tank (SST) remediation described in the
retrieval manipulator specification.'



2. TASK LIST

This section lists the tasks that must be performed to complete a waste tank retrieval
campaign for one tank and defines the starting point, events, and ending point that comprise each
task. Because this is a developing system, the information necessary for this evaluation had to be
derived from documentation and could not be directly observed. As a consequence, descriptions
of the mission phases and tasks must be somewhat speculative and, therefore, the description of
the campaign is hypothetical to some degree. In other words, this document describes how tank
remediations might be carried out, not how they are carried out. However, it is a reasonable
approximation of the activities that will take place; the task descriptions contained in this
document are best estimates of what an SST remediation campaign will be like and provide a
baseline for human-machine interface development. As better information becomes available, it
will be incorporated as required.

The retrieval effort for one tank may be called a mission; within the mission there are key
milestones that must be accomplished and these milestones delineate mission phases. Within
each mission phase there exist functions that must be done to successfully complete the mission
phase. For example, in the first mission phase the auxiliary television system (Aux. TV) must be
activated, the Aux. TV must be inserted into the tank, the tank interior must be inspected, and a
strategy (sequence) for cutting the risers must be developed. These secondary units are the
subfunctions. Each subfunction comprises an initiator, the event or condition that requires or
allows the subfunction; a task sequence, the sequential list of tasks that operators must complete;
and a sequence terminator, the event or condition that is the goal of the subfunction. The tertiary
units are tasks. A task is a set of human behaviors executed to fulfill a goal-directed strategy. The
task sequence is a set of tasks carried out to fulfill the goal of the subfunction. Tasks are
composed of task elements, which are human behaviors required to complete the task.

The following sections list the mission phases and the subfunctions within mission phases.
Within each subfunction, the initiator at the start is listed, followed by a sequential list of tasks
required and the terminator for the subfunction. The initiator is the status of the system at the
start of the subfunction, and the terminator is the goal status of the system for the subfunction.
The emphasis in this list is on user tasks, so certain aspects of system functioning are not present.
For example, during waste removal the operation of the waste conveyance system is not
mentioned. Even though this is an important part of system functioning, it does not require any
user behavior beyond manual control of the TWRMS and monitoring system status. Therefore, it
is not explicitly listed although it must be running for tiie waste retrieval end effector to function
properly.

Perhaps a better way to understand the retrieval campaign is through examining a task
network model, which provides a flow chart for the campaign. A task network model was
developed using the MicroSAINT software package and is presented in all figures. Each mission
phase, subfunction, and task element is clearly represented; however, the tasks in some
subfunctions are not well defined. In all of the figures, task elements are represented by ovals,
subfunctions and mission phases by boxes, multiple path events by diamonds labeled with an




"M," tactical decisions (operator choices) by diamonds labeled with a "T," and the conclusion of
a subfunction with a circle. The flow of work through the model is represented by arrows.

2.1 MISSION PHASES

As Fig. 1 illustrates, there are three mission phases during a TWRMS campaign: (1) Insert
TWRMS equipment into the tank. (2) Remove waste layers. (3) Remove TWRMS equipment
from the tank. The first mission phase starts with the TWRMS in place above a tank and ready
for activation and ends when the TWRMS is in place in the tank and ready to begin waste
retrieval. The second mission phase starts at the end of the first phase and ends when all
retrievable waste has been removed from the tank. The third and final mission phase starts at the
end of the second phase and ends when the TWRMS has been removed from the tank.

1. Insert +] 2. Remove .| 3.Remove
TWRMS Waste TWRMS

Fig. 1. Mission phases during a tank remediation campaign.

2.2 FIRST MISSION PHASE: INSERT TWRMS EQUIPMENT

During this phase of the mission, the crew takes the auxiliary closed-circuit television (Aux.
CCTV) system from an inactive (cold) state to operational readiness within an SST. At the start
of the mission phase the TWRMS gantry is in place over the tank and an access port has been
prepared. At the end of the mission phase the Aux. CCTYV is in the tank, the interior of the tank
has been inspected, and a strategy for the first series of cutting operations (if necessary) has been
prepared. Figure 2 illustrates the subfunctions within the first mission phase.

2.2.1 Activate Aux. CCTV System

The goal of this subfunction is to safely tum on the power to the Aux. CCTV system and
verify that it is operational and ready for insertion. Figure 3 illustrates the task elements in this
subfunction.

2.2.1.1 Initiator
TWRMS is in place over SST access port.




4. Activate
CCtv

5. Insert
CCTV

6. Inspect

7. Develop
Cut Strategy

8. Activate
TWRMS

Fig. 2. Subfunctions during the first mission phase.

Y

9. Insert
TWRMS




23. Position

14. Request
Power On

Reports

17. Inform
re: Start

30. Position
Power Off

15. Receive 16. Decide
Reports Ready

27. Position 28. Monitor 29. Decide
CCTVOn Start-up CCTV OK

31. Adjust
Cameras

Fig. 3. Task elements during the subfunction "Activate Aux. CCTYV System.”




2.2.1.2 Task sequence

1. Prepare for Aux. CCTV system activation.
2. Activate Aux. CCTV system.
3. Verify that Aux. CCTV system is functioning properly.

2.2.1.3 Terminator

Aux. TV system is ready for insertion.

2.2.2 Insert Aux. CCTV System into SST

During this subfunction, the crew inserts the Aux. CCTV system into the tank and then
verifies that it is in place and functioning properly. The insertion may be teleoperated, using
continuous manual control, or it may be automated, in which case the crew would initiate a
robotic routine and monitor the progress of the insertion. The best approach to the insertion
should be determined on a tank-by-tank basis, depending upon the amount of pre-insertion
inspection that has been done and the amount of clutter present around the tank entrance.
Figure 4 illustrates the task elements in this subfunction.

2.2.2.1 Initiator
Aux. CCTV system is ready for insertion.

2.2.2.2 Task sequence

Choose insertion mode (manual or robotic).

Manually insert Aux. CCTYV into tank.

Initiate robotic Aux. CCTV insertion.

Monitor robotic Aux. CCTV insertion.

Confirm that Aux. TV system is in place and functioning.

IiF el A S

2.2.2.3 Terminator
Aux. TV system is in place and functioning.

2.2.3 Inspect Tank Interior

During this subfunction, the crew inspects the interior of the tank and records the location
and description of visible in-tank hardware (ITH) and risers with the ultimate purpose of
developing a sequence or strategy for cutting these pieces into removable shapes. Figure 5
illustrates this subfunction.
2.2.3.1 Initiator

Auzx. TV system is in place and functioning.

2.2.3.2 Task sequence

1. Inspect tank interior using Aux. TV.
2. Record riser and ITH locations and descriptions.




Fig. 4. Task elements during the subfunction "Insert Aux. CCTV System into SST."




48. Adjust
Cameras
47. Select M 49. Inspect 51. Task

Mode Tank Stopped
50 Record
Information

Fig. 5. Task elements during the subfunction "Inspect Tank Interior."

2.2.3.3 Terminator
Risers and ITH are noted, located on tank map, and described in operations log.

2.2.4 Develop Riser Cutting Strategy

During this subfunction, the crew decides upon a riser/ITH cutting sequence and records it
in the operations log. (The operations log should be an electronic diary of operations and events
and should have the capability of translating a cutting sequence into worid map coordinates.)
Figure 6 illustrates this subfunction.

52. Choose 63. Record

Riser Selection

Fig. 6. Task elements during the subfunction "Develop Riser Cutting Strategy.”

2.2.4.1 Initiator
Risers and ITH are noted, located on tank map, and described in operations log.

2.2.4.2 Task sequence

1. Develop riser cutting sequence.
2. Record riser cutting sequence in operations log.
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2.2.4.3 Terminator

Riser cutting sequence is recorded.

2.2.5 Activate TWRMS

During this subfunction, the crew tums on the power to the TWRMS and prepares it for
insertion into the tank. Figure 7 illustrates this subfunction.
2.2.5.1 Initiator

Aux, CCTV is in the tank, and TWRMS is in place over the access port.

2.2.5.2 Task sequence

1. Prepare to activate TWRMS,
2. Activate TWRMS.
3. Verify that TWRMS is functioning properly.

2.2.5.3 Terminator
TWRMS is functioning properly.

2.2.6 Insert TWRMS

During this subfunction, the crew inserts the TWRMS into the tank and then verifies that it
is in place and functioning properly. The insertion may be teleoperated, using continuous manual
control, or it may be automated, in which case the crew would initiate a robotic routine and
monitor the progress of the insertion. The best approach to the insertion should be determined on
a tank-by-tank basis, depending upon the amount of pre-insertion inspection and the amount of
clutter present around the tank entrance. Figure 8 illustrates the task elements in this subfunction.

2.2.6.1 Initiator
TWRMS is functioning properly.

2.2.6.2 Task sequence

Choose TWRMS insertion mode (manual or robotic).
Manually insert TWRMS into tank.

Initiate robotic TWRMS insertion.

Monitor robotic TWRMS insertion.

Confirm that TWRMS is in place and functioning.

NP~

2.2.6.3 Terminator
TWRMS is in place in tank.




62. inform
Start

71. Adjust
Cameras

Fig. 7. Task elements during the subfunction "Activate TWRMS."”

It



34. Choose
Mode

To
Ph.

Fig. 8. Task elements during the subfunction "Insert TWRMS."
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2.3 SECOND MISSION PHASE: REMOVE WASTE LAYERS

During the second mission phase, risers, ITH, and waste are removed in an iterative process.
The mission phase starts with the complete TWRMS operational inside the tank, and it ends with
all the risers, ITH, and waste removed from the tank. Figure 9 illustrates the subfunctions in this
mission phase; the loop from the end of the fourth subfunction (Remove Waste Layer) to the first
subfunction (Cut Risers/ITH) indicates the iterative nature of the process. The iterations could
represent the number of layers that must be removed or the number of mines, or pits, dug into the
waste by end effectors; the labels used in the current document refer to layers but could just as
easily refer to mines or pits.

2.3.1 Cut Risers/ITH

This subfunction is executed repetitively until all risers and ITH are cut into manageable
segments, down to the level of the existing waste layer. Figure 10 illustrates the tasks within the
subfunction, and Figs. 11-14 illustrate the task elements within each task. Riser/ITH cutting may
be teleoperated or automated, depending on the capabilities of the TWRMS. The most efficient
scenario may be a combined teleoperated/robotic approach in which the TWRMS moves from
workspace to workspace (i.e., from one riser location to the next), approaches to within 3 to 6 in.
of the riser, and then requests that the crew intervene to do the actual cutting.

2.3.1.1 Initiator
TWRMS is operational in tank.

2.3.1.2 Task sequence

1. Map waste surface (see Fig. 11).

2. Teach riser cutting sequence (see Fig. 12).
3. Robotically cut risers (see Fig. 13).

4. Manually cut risers (see Fig. 14).

2.3.1.3 Terminator

Risers/ITH cut into manageable sections.

2.3.2 Renove Cut-up Risers/ITH

During this subfunction the sectioned risers and ITH that have fallen onto the waste surface
are picked up, placed in the conveyance system, and removed from the tank (these may be
removed as they are cut instead). Figure 15 illustrates the tasks in this subfunction, and Figs. 16—
20 illustrate the task elements within each task. This operation may be done by teleoperation or
robotically, but it is unlikely that robotic operations will be efficient given the high variability
likely to occur in the waste surface and section locations; it may be best to do the entire retrieval
by teleoperation.

2.3.2.1 Initiator

Risers/ITH are cut into manageable sections.




87.
85. Cut 86. Remove .
Risers/ITH P Cut Sech » Cha‘;:teenze

88. Remove
Waste Layer

89. Remove
Residual
Waste

Fig. 9. Subfunctions during the second mission phase.
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90. Map
Surface

986. Manual
Cut
95. Robotic
94 Teach Cut Cut

Fig. 10. Tasks during the subfunction " Cut Risers/ITH.”
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Fig. 11. Task elements during the task "90. Map Surface.”

Fig. 12. Task elements during the task "96. Manual Cut.”
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Fig. 13. Task elemerts during the task "94. Teach Cut."
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112. Monitor

Stop
ut

115. Adjust
Position

121. Start
Cut

Fig. 14. Task elements during the task "95. Robotic Cut.”
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130.
Exchange EE

134. Map
Surface

| 161. Manual
Removal
140. Teach 160. Robotic
Removal Removal

A

Fig. 15. Tasks during the subfunction "Remove Cut-up Risers/ITH."

61




131. Select
Gripper EE

150. Monitor
World Mode!

151. Inspect
EE

152. Push ' 292. In
Start Place

Fig. 16. Task elements during the task "130. Exchange EE."
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139. Inspect
Map

Fig. 17. Task elements during the task " 134. Map Surface.”
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141. Start
Teach

143. Ad]. 145. Push
\ Map Position Grasp

146. Stop
Teach

157. Adjust
Position

Fig. 18. Task elements during the task "140. Teach Removal."
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172.

164. Monitor

TV Compilete
165. Monitor 171. Re-
170. Stop T Teach

162. Enable World Model

167. Adjust
Position

166. 173. Stant

Override

Fig. 19. Task elements during the task "160. Robotic Removal. "

181.
Release

182 Adjust
Position

176. Adjust
Position

175. Dec. 179. Grasp

Sequence

174. Enable

Fig. 20. Task elements during the task "161. Manual Removal."
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2.3.2.2 Task sequence

Exchange cutting end effector for gripper end effector (Fig. 16).
Map waste surface (Fig. 17).

Teach riser/ITH removal sequence (Fig. 18).

Robotically remove riser/ITH sections (Fig. 19).

Manually remove riser/ITH sections (Fig. 20).

el S R

2.3.2.3 Terminator
Risers/ITH are removed from the tank.

2.3.3 Characterize Waste

During this subfunction the waste surface and subsurface are mapped and characterized.
Figure 21 illustrates the tasks in this subfunction, and Figs. 22-24 illustrate the elements within
each task.

211. To
185. .| 194.Map
Exchange EE Surface i o%f;:g:g:n 2:

Fig. 21. Tasks during the subfunction " Characterize Waste."

2.3.3.1 Initiator
Risers/ITH are out of the tank.

2.3.3.2 Task sequence

1. Exchange gripper for mapping end effector (Fig. 22).
2. Map waste surface (Fig. 23).
3. Determine waste composition (Fig. 24).



191. Push
Start

Fig. 22. Task elements during the task *185. Exchange EE."
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213. Record
Decision

Fig. 24. Task elements during the task "211. Determine Composition.”

2.3.3.3 Terminator
Waste is mapped and characterized.

2.3.4 Remove Waste Layer

During this subfunction a layer of waste is removed using the appropriate waste dislodging
and capture tools. At the end of a repetition, the process is restarted with riser cutting or
continues to tank cleaning. Figure 25 illustrates the tasks within this subfunction, and Figs. 26—
28 illustrate the task clements within each task. The subfunction may be completed using
teleoperation or robotically, but given the low rates (3 in./s) and the positioning tolerances
(within 1 in. of the surface for some) required by the end effectors, it will be difficult for the crew
to maintain the appropriate pace and position. Therefore, automation is the preferred option;
operator aiding though end-effector path restrictions could also be used for these end-effector
performance regimes.

To
SF
13

202. | 214. Teach 228. Robotic To

Exchange EE Removal Removal 3;

Fig. 28, Tasks during the subfunction "Remove Waste Layer.”

2.3.4.1 Initiator
Waste is mapped and characterized.




Fig. 26. Task clements during the task "202. Exchange EE.”
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Fig. 27. Task elements during the task “214. Teach [ emoval.”
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2.3.4.2 Task sequence

3

1. Exchange mapping end effector for waste removal end effector (sec Fig. 26).
2. Teach robotic removal sequence (see Fig. 27).

3. Execute robotic removal (see Fig. 28).

2.3.4.3 Terminator

Waste layer is removed.

2.3.5 Remove Residual Waste

During this subfunction, the waste remaining after the last layer has been removed is
cleaned from the walls and bottom of the tank. Figure 29 illustrates the tasks in this subfunction,
and Figs. 30-33 illustrate the task elements within each task. Once again, automated robotic
removal is the preferred option because of the anticipated slow work rate of the end effector.

241. Map N
Surface

245,
Exchange EE

254. Teach
Removal

286. Robotic
Removal

[

Fig. 29. Tasks during the subfunction " Remove Residual Waste."

2.3.5.1 Initiator

Last layer of waste is removed.

2.3.5.2 Task sequence

1. Map tank surface (see Fig. 30).
2. Exchange waste removal end effector for cleaning end effector (see Fig. 31).

3. Teach robotic removal (see Fig. 32).
4. Execute robotic removal (see Fig 33).

2.3.5.3 Terminator

Residual waste is removed.




Fig. 30. Task clements during the task "214. Map Surface.”
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Fig. 31. Task clements during the task "24S. Exchange EE."
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264. Adjust
Position

262. Monitor
Playback

260. Start

256. Start
Playback

Teach

256. Adj. { 258. Stop
Map Position Teach

265. Stop
Playback

Fig. 32. Task elements during the task »254. Teach Removal."




269. Monitor 277. 349. Inspect

TV Complete Tank
To
268. Start 270. Monitor 276. Re-
267. Enable Removal World Model 275. Stop T Teach 4 ;:4
A
272. Adjust 278. Stop

Position Manual

Fig. 33. Task elements during the task "286. Robotic Removal.”
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2.4 THIRD MISSION PHASE: REMOVE TWRMS EQUIPMENT

During the third mission phase, the TWRMS equipment is removed from the inside of the
storage tank. Figure 34 illustrates the subfunctions in this mission phase, and Figs. 35 and 36
illustrate the task elements in each subfunction.

2.4.1 Remove TWRMS Package
The first step in this phase is to remove the TWRMS from the tank.

2.4.1.1 Initiator

Residual waste is removed.

2.4.1.2 Task sequence

1. Prepare for TWRMS removal.
2. Remove TWRMS from tank.

2.4.1.3 Terminator

TWRMS is out of the tank.
280. Remove .| 284. Remove
TWRMS cctv

Fig. 34. Subfunctions during the third mission phase.

2.4.2 Remove Aux. CCTV System

During the final subfunction of the campaign, the crew removes the Aux. CCTV system
from the tank.

2.4.2.1 Initiator
TWRMS is out of the tank.

2.4.2.2 Task sequence

1. Prepare for Aux. CCTV removal.
2. Remove Aux. CCTV from the tank.

2.4.2.3 Terminator
Aux. CCTV system is out of the tank.




304. Choose
Mode

306. Control
» Rate

314. Push
Stop

Fig. 35. Task elements during the subfunction "280. Remove TWRMS."”
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338. Choose

World Model

340. Control
Rate

346. Monitor
World Modei

Fig. 36. Task elements during the subfunction "284. Remove CCTV."

Campaign
Ended
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3. TASK ANALYSIS RESULTS

3.1 METHODS

The steps in the task analysis thus far have defined a likely sequence for tasks and task
elements during a waste retrieval campaign. The next step was to formally examine the task
elements and (1) categorize the operator behavior according to a standard behavioral taxonomy,’
(2) determine what system or system component is being controlled or observed, and
(3) determine what means (i.e., controls, displays, log books, etc.) are necessary. This was done
by filling out an electronic task analysis form for each task. Figure 37 shows a typical, completed
task analysis form. The full set of task analysis forms is provided in the Appendix. The task
analysis form was designed and completed using the Microsoft Access data base management
program, so the completed task analysis forms are a task analysis data base for waste retrieval
system operations. This method follows that developed by the NRC for nuclear power plant
control rooms® with some modifications to the task analysis vocabulary necessary to fit the
unique needs of the waste retrieval application.

3.2 RESULTS

3.2.1 User Actions, Displays, and Controls

The information provided by the task analysis is a list of the user functions, displays, and
controls necessary to operate the system. The task analysis data base makes it possible to identify
the user actions, displays, and controls necessary during each subfunction by sorting and
reorganizing the information in the data base. Tables 1-3 provide such a list.

3.2.2 Crew Size and Function Allocation

An ecarlier study? made a preliminary crew size decision and listed the functions that users
must perform. From the task analysis, the preliminary decision to specify a two-person crew
appears to be correct. Integrating the function analysis with the task analysis by detcrmining
which functions operators perform during each task verifies the crew size decision made in ref. 2
and provides a detailed function allocation for each crew member. Table 4 is a list of tasks and
the functions users perform within each task and subfunction.
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Modified Task Aralysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST
Sut -Function: 1.2.2 Insert Aux. CCTV System into SST
“asic Robotically insert aux. CCTV into tank Sequencs: 2
P-wpose: Carry out robotic insertion Durstion: 1]
Cue: Insertion mode selected
Description: After selecting robotic insertion mode, initiate and monitor the insertion process
Comements: Branch 2
Meoans of
EL No. Time Verb Group Parameter  State Component System Other Obl.  Action
1 0 Pushes Motor mode robotic aux. CCTV discrete
control
"2 0 Pushes Motor mode start  robotic  aux. CCTV discrete
routine control
"3 OMonitors  Perceptual position in-band  CCTV  aux. CCTV ™v
platform
"7 7 4 OMonitors  Perceptual position in-band  CCTV  aux. CCTV ) world map
platform
7787 " 0 Detects Perceptual position out-of-  CCIV aux. OCTV
platform
"6 OPushes  Motor  mode  stop CCTV  aux. CCTV ) discrete
platform control
7 0 Chooses Cogmitive mode robotic ccTv aux. CCTV
or manual platform

Fig. 37. Typlcal completed task analysis form.
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Table I.Uuracﬁonsdkplays,andmnuvbdnﬁngachsnﬂmﬁnd&emstmph&

Component/
Subfunction System/verb parameter State Means of action
L1 Activate Anx. CCTV System
Inspects Readiness Visual
Requests Readiness Verbal communication
Decides Readiness Full
Inspects Computer
Decides Mode Operable Computer
Informs Mode Start Verbal communication
Receives Readiness Verbal communication
Aux. CCTV Aunx. CCTV remotes
Monitors Output signal In-band CRT
Positions Power On Discrete control
Aux. CCTV Cameras
Adjusts Position Continuous control
Aux. CCTV Control computers
Decides Mode Operable
Decides Mode Operable
Monitors Output signal In-band CRT
Aux. CCTV Electrical power
Positions Power On Discrete control
1.2 Insert Aux. CCTV System into SST
Aux. CCTV
Chooses Mode Robotic or manual
1.2.1 Inserz Aux. CCTV System into SST
Aux. CCTV
Positions Mode Manual Discrete control
Adjusts Rate Continuous control
1.2.2 Insert Aux. CCTV System into SST
Aux. CCTV
Pushes Mode Robotic Discrete control
Aux. CCTV CCTV platiorm
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Table 1. (continued)

Compounent/
Subfunction System/verb parameter State Means of action
Chooses Mode Robotic or manual
Pushes Mode Siop Discrete control
Monitors Position in-band TV
Monitors Position in-band World map
Detects Position cut-of-band
Aux. CCTV Robetic routine
Pushes Mode Start Discrete control
1.3 Inspect Tank Interior
Aux. CCTV
Pushes Mode Robotic or manual Discrete control
Tank Risers/ITH
Inspects TV
Records Position and status Operations Log
Aux. CCTV TV camera
Adjusts Position Continvous control a
1.4 Develop Riser Cutting Strategy ~
Risers/ITH
Chooses cut order Operations Log
Records Cut order Operations Log
1.5 Activate TWRMS
Inspects Readiness Visual
Inspects TV
Informs Mode Activation Verbal communication
Decides Mode Operable Computer
Receives Readiness Verbal communication
Requests Readiness Verbal communication
Decides Readiness full
TWRMS Control computers
Decides Mode Operable
Monitors Output signal In-band CRT
Positions Power On Discrete control
TWRMS Electrical power



Table 1. (continued)

Composent/
Subfunction System/verb paremeter State Meass of actioa
Positions Powar On Discrete control
TWRMS TV RMS remotes
Monitors Output signal In-band CRT
TWRMS Manipulator
Adjusts Position Continvous control
1.6 Insert TWRMS into SST
TWRMS
Chooses Mode
1.6.1 Insert TWRMS into SST
TWRMS
Adjusts Rate Continuous control
1.6.2 Insert TWRMS imto SST
TWRMS
Decides Mode Operable or inoperable
Chooses Mode Playback Discrete control
Pushes Mode Playback Discrete control
Pushes Mode Robotic Discrete control
Chooses Mode Robotic or manual
TWRMS TWRMS platform
Pushes Mode Stop Discrete control
Monitors Position in-band World map
Monitors Position in-band World map
Decides Position out-of-band
TWRMS Robetic rostine
Decides Mode Operable
Pushes Mode Stant Discrete coatrol
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Table 2. User actious, displays, and controls during the second mission phase

Componeat/
Subfenction System/verb parameter State Means of action
2.1 Cut Risers/ITH

Computer map
Remembers Sequence Operations Log
Remembers Sequence Operations Log
Inspects CRT
Pushes Mode Enable Discrete control
Pushes Mode Enable Discrete control
World map Cutting EE
Monitors Cutting In-band TV
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control
Adjusts Position Continuous coatrol
Monitors Position World map
Monitors Position CRT
Adjusts Position Continuous control
Pushes Mode Stan Discrete control
Computer map Data collection
Monitors Mode Operable CRT
Pushes Mode Start Discrete control
World map TWRMS
Monitors Position CRT
Monitors Position CRT
Adjusts Position Continuous control
Adjusts Position Continuous control
World map Playback
Decides Mode Operable
Pushes Mode Enable Discrete control
Monitors Mode Operabie TV
Pushes Mode Override Discrete control
Decides Mode Override
Pushes Mode Start Discrete control
Monitors Mode Operable CRT



Table 2. (continued)

Compounent/

Subfunction System/verb parasseter State Means of action
Monitors Mode Operable CRT
Pushes Mode Override Discrete control
Decides Mode Override
Pushes Mode Start Discrete control
Pushes Mode Start Discrete control
World map Teach
Pushes Mode Stant Discreie control
Pushes Mode Stop Discrete control

2.2 Remove Cut-up Riser/ITH Sections

TWRMS
Remembers Sequence Operations Log
Remembers Sequence Operations Log
Inspects CRT
Pushes Mode Enable Discrete control
Pushes Mode Enable Discrete control
Monitors Position In-band TV
Computer map Data collection
Monitors Mode Operable CRT
Pushes Mode Start Discrete control
TWRMS End effector
Inspects TV
Pushes Gripper Discrete control
Pushes Mode Start Discrete control
World map Gripper EE
Monitors Gripper EE In-band ™V
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control
Monitors Position ™V
Monitors Position World map
Adjusts Position Continvous control
Adjusts Position Continuous control
Monitors Position CRT
Pushes Mode Start Discrete control
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Table 2. (continued)

Component/

Subfunction System/verb parameter State Means of action
World map TWRMS
Adjusts Position Continuous control
Adjusts Position Continuous control
Monitors Position CRT
Monitors Position CRT
Mecnitors Position in-band CRT
World map Playback Playback Playback
Decides Mode Operable
Pushes Mode Enable Discrete control
Monitors Mode Operable TV
Pushes Mode Override Discrete control
Decides Mode Override
Pushes Mode Start Discrete control
Monitors Mode Operable CRT
Monitors Mode Operable CRT
Pushes Mode Override Discrete control
Decides Mode Override
Pushes Mode Start Discrete control
Pushes Mode Start Discrete control
World map Teach Teach Teach
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control

2.3 Characterize Waste

TWRMS
Inspects CRT
Monitors Position in-band TV
Computer map Data collection
Monitors Mode Operable CRT
Pushes Mode Start Discrete control
TWRMS End effector
Inspects TV
Pushes Subsurface mapping Discrete control
Pushes Mode Start Discrete control
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Table 2. (continued)
Component/

Subfunction System/verb parameter State Means of action
World map TWRMS
Monitors Position In-band CRT
Decides Composition etc.
Records Composition etc. Operations Log

2.4 Remove Waste Layer

TWRMS
Remembers Sequence Operations Log
Remembers Sequence Operations Log
Pushes Mode Enable Discrete control
Pushes Mode Enable Discrete control
Monitors Position In-band TV
TWRMS End-effector
Decides
Inspects TV
Pushes Subsurface mapping Discrete control
Pushes Mode Start Discrete control
World map TWRMS
Adjusts Position Continuous control
Adjusts Position Continuous control
Monitors Position CRT
Monitors Position CRT
Monitors Position in-band CRT
World map Playback Playback Playback
Decides Mode Operable
Pushes Mode Enable Discrete control
Monitors Mode Operable TV
Pushes Mode Override Discrete control
Decides Mode Override
Pushes Mode Start Discrete control
Monitors Mode Operable CRT
Monitors Mode QOperable CRT
Pushes Mode Override Discrete control
Decides Mode Override
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Table 2. (continued)

Component/

Subfunction System/verb parameter State Means of action
Pushes Mode Start Discrete control
Pushes Mode Start Discrete control
World map Teach Teach Teach
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control
World map Waste removal EE
Monitors Gripper EE in-band TV
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control
Adjusts Position Continuous control
Monitors Position CRT
Monitors Position TV
Adjusts Position Continuous control
Monitors Position World map
Pushes Mode Start Discrete control

2.5 Remove Residual Waste
TWRMS
Records Operations Log
Inspects TV
Remembers Sequence Operations Log
Remembers Sequence Operations Log
Pushes Mode Enable Discrete control
Pushes Mode Enable Discrete control
Monitors Position in-band TV
TWRMS End effector
Inspects TV
Pushes Subsurface mapping Discrete control
Pushes Mode Start Discrete control
World map TWRMS
Adjusts Position Continuous control
Monitors Position CRT
Adjusts Position Continuous control
Monitors Position CRT
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Table 2. (continued)

Component/

Subfunction System/verb parameter State Means of action
Monitors Position In-band CRT
World map Playback Playback Playback
Decides Mode Operable
Pushes Moce Enable Discrete control
Monitors Mode Operable TV
Decides Mode Override
Pushes Mode Override Discrete control
Pushes Mode Start Discrete control
Monritors Mode Operable CRT
Monitors Mode Operable CRT
Decides Mode Override
Pushes Mode Override Discrete control
Pushes Mode Start Discrete control
Pushes Mode Start Discrete control
World map Tank cleaning EE
Monitors Cleaning EE In-band TV
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control
Adjusts Position Continuous control
Monitors Position TV
Monitors Position World map
Adjusts Position Continuous control
Monitors Position CRT
Pushes Mode Start Discrete control
World map Teach Teach Teach
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control
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Table 3. User actions, controls, and displays during the third mission phase

Component/
Subfunction System/verb parameter State Means of action
3.1 Remove TWRMS from SST
TWRMS
Chooses Mode
3.1.1 Remove TWRMS from SST
TWRMS
Positions Mode Manual Discrete control
Monitors Position TV
Adjusts Rate Continuous control
3.1.2 Remove TWRMS from SST
TWRMS
Pushes Mode Robotic Discrete control
Chooses Mode Robotic or manual
TWRMS TWRMS platform
Pushes Mode Stop Discrete control
Monitors Position in-band World map
Monitors Position in-band TV
Decides Position out-of-band
TWRMS Robotic routine
Pushes Mode Start Discrete control
3.2 Remove Aux. CCTV System from SST
Aux. CCTV
Chooses Mode
Positions Mode Manual Discrete control
Pushes Mode Robotic Discrete control
Chooses Mode Robotic or manual
Monitors Position TV
Adjusts Rate Continuous control
Aux. CCTV CCTV platform
Pushes Mode Stop Discrete control
Monitors Position in-band World map
Monitors Position in-band TV
Decides Position out-of-band
Aux. CCTV Robotic routine
Pushes Mode Start Discrete control
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Table 4. User functions for each crew member

1. Insert WaRMS Equipment into SST
1.1 Activate Aux. CCTV system
Prepare for Aux. CCTYV activation
Chief

Monitor

Activate Aux, CCTYV system
Chief

Monitor
Verify Aux. CCTV functioning
Chief

Monitor

1.2.1 Insert Aux. CCTV System into SST
Manually insert Aux. CCTYV into tank
Chief

Monitor

Robetically insert Aux. CCTYV into tank
Chief

Monitor

1.3. Inspect Tank Interior
Inspect tank interior using Aux. CCTV
Chief

Monitor system status
Restart system

Monitor system status
Communicate with outside

Monitor system status
Restart system
Monitor system status

Visually monitor end-effector operations
Converge stereo cameras

Iris camera

Pan camera

Roll camera

Select camera

Tilt camera

Zoom camera

Visually monitor end-effector operations

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status

Manually maneuver aux.

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Initiate robotic deployment sequence
Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status

Visually monitor end-effector operations
Converge stereo cameras

Iris camera

Pan camera

Roll camera

Select camera

Tilt camera




52

Table 4. (continued)

Monitor

1.4. Develop Riser Cutting Strategy

Develop and record riser cutting sequence

Monitor

1.5. Activate TWRMS

Prepare for TWRMS activation
Monitor

Activate TWRMS

Chief

Monitor

Verify TWRMS functioning
Chief

Monitor

1.6.1 Insert TWRMS into SST
Manually insert TWRMS into tank
Chief

Monitor

1.6.2 Insert TWRMS into SST
Robotically insert TWRMS into tank
Chief

Monitor

Zoom camera

Visually monitor end-effector operations
Monitor system status

Maintain operations log

Maintain operations log

Monitor system status

Monitor system status
Restart system
Maintain operations log

Aurally monitor remote sounds

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor end-effector trajectories
Manually control end effector using position control
Manually control end effector using rate control
Aurally monitor remote sounds

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor end-effector trajectories
Monitor system status

Maintain operations log

Monitor functions

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status

Manually maneuver aux.

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Initiate robotic deployment sequence
Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status
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Table 4. (continued)

2. Remove Waste Layers
2.1, Cut Risers/ITH
Map waste surface
Chief Monitor system status
Engage acoustic proximity sensor-based surface mapping
Engage laser range finder-based surface mapping
Engage optical proximity sensor-based surface mapping
Engage structured light-based surface mapping
Monitor Monitor system status
Maintain operations log
Teach riser cutting sequence
Chief Visually monitor manipulator position
Visually monitor playback on world model
Engage automatic playback
Engage semiautomatic playback
Engage step-through playback
Engage teaching
Manually control end effector using position control
Manually control end effector using rate control
Manually make teaching inputs
Monitor Maintain operations log
Robotically cut risers/ITH
Chief Aurally monitor remote sounds
Monitor end-effector sensor data
Monitor manipulator forces
Monitor manipulator sensor data
Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Detect watchdog action
Monitor system status
Engage automatic playback
Engage semiautomatic playback
Engage sensor-based obstacle avoidance
Engage step-through playback
Engage end effector
Converge stereo cameras
Disengage end-effector tracking
Engage end-effector tracking
Iris camera
Pan camera
Roll camera
Select camera
Tilt camera
Zoom camera
Monitor Aurally monitor remote sounds
Monitor collision avoidance system
Monitor manipulator forces
Monitor end-effector sensor data
Monitor manipulator sensor data




Table 4. (continued)

Manually cut risers
Chief

Monitor

2.2 Remove Cut-up Riser/ITH Sections
Exchange cutting end effector for gripper
Chief

54

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor end-effector sensor data

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Detect watchdog action

Monitor system status

Engage sensor-based obstacle avoidance

Engage end effector

Converge stereo cameras

Disengage end-effector tracking

Engage end-effector tracking

Iris camera

Pan camera

Roll camera

Select camera

Tilt camera

Zoom camera

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor manipulator forces

Monitor end-effector sensor data

Monitor manipulator sensor data

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor end-effector sensor data

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor automated end effector

Detect watchdog action

Monitor system status

Initiate automated end-effector changeout
Manually control end effector using position control
Manually control end effector using rate control
Converge stereo cameras

Disengage end-effector tracking
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Table 4. (continued)

Engage end-effector tracking
Iris camera
Pan camera
Roll camera
Select camera
Tilt camera
Zoom camera
Monitor Aurally monitor remote sounds
Monitor collision avoidance system
Monitor manipulator forces
Monitor end-effector sensor data
Monitor manipulator sensor data
Visually monitor automated end effector
Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log
Map waste surface
Chief Monitor system status
Engage acoustic proximity sensor-based surface mapping
Engage laser range finder-based surface mapping
Engage optical proximity sensor-based surface mapping
Engage structured light-based surface mapping
Monitor Monitor system status
Maintain operations log
Teach riser removal sequence
Chief Visually monitor manipulator position on world model
Visually monitor playback on world model
Engage automatic playback
Engage semiautomatic playback
Engage step-through playback
Engage teaching
Manually control end effector using position control
Manually control end effector using rate control
Manually make teaching inputs
Monitor Maintain operations log
Robotically remove risers/ITH
Chief Aurally monitor remote sounds
Monitor collision avoidance system
Monitor end-effector sensor data
Monitor manipulator forces
Monitor manipulator sensor data
Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Detect watchdog action
Monitor system status
Engage automatic playback
Engage semiautomatic playback
Engage sensor-based obstacle avoidance
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Table 4. (continued)

Engage step-through playback
Engage end effector
Converge stereo cameras
Disengage end-effector tracking
Engage end-effector tracking
Iris camera
Pan camera
Roll camera
Select camera
Tilt camera
Zoom camera
Monitor Aurally monitor remote sounds
Monitor collision avoidance system
Monitor manipulator forces
Monitor end-effector sensor data
Monitor manipulator sensor data
Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log
Manually remove risers
Chief Aurally monitor remote sounds
Monitor collision avoidance system
Monitor end-effector sensor data
Monitor manipulator forces
Monitor manipulator sensor data
Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Detect watchdog action *
Monitor system status
Engage sensor-based obstacle avoidance
Engage end effector
Converge sterec cameras
Disengage end-effector tracking
Engage end-effector tracking
Iris camera
Pan camera
Roll camera
Select camera
Tilt camera
Zoom camera
Monitor Aurally monitor remote sounds
Monitor collision avoidance system
Monitor manipulator forces
Monitor end-effector sensor data
Monitor manipulator sensor data
Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model




2.3 Characterize Waste
Exchange gripper for mapping end effector
Chief

Monitor

Map waste surface
Chief

Monitor

24. Remove Waste Layer
Exchange mapping EE for waste removal EE
Chief

Table 4. (continued)
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Maintain operations log

Monitor collision avoidance system

Monitor end-effector sensor data

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor automated end effector

Detect watchdog action

Monitor sysiem status

Initiate automated end-effector changeout
Manually control end effector using position control
Manually control end effector using rate control
Converge siereo cameras

Disengage end-effector tracking

Engage end-effector tracking

Iris camera

Pan camera

Roll camera

Select camera

Tilt camera

Zoom camera

Aunally monitor remote sounds

Monitor collision avoidance system

Monitor manipulator forces

Monitor end-effector sensor data

Monitor manipulator sensor data

Visually monitor automated end effector

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log

Monitor system status

Engage acoustic proximity sensor-based surface mapping
Engage laser range finder-based surface mapping
Engage optical proximity sensor-based surface mapping
Engage structured light-based surface mapping

Monitor system status

Maintain operations log

Monitor collision avoidance system
Monitor end-effector sensor data

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor automated end effector
Detect watchdog action

Monitor system status

Initiate automated end-effector changeout
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Table 4. (continued)

Manually control end effector using position control
Manually control end effector using rate control
Converge stereo cameras
Disengage end-effector tracking
Engage end-effector tracking
Iris camera
Pan camera
Roll camera
Select camena
Tilt camera
Zoom camera
Monitor Aurally monitor remote sounds
Monitor collision avoidance system
Monitor manipulator forces
Monitor end-effector sensor data
Monitor manipulator sensor data
Visually monitor automated end effector
Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log
Teach waste removal sequence
Chief Visually monitor manipulator position on world model
Visually monitor playback on worid model
Engage automatic playback
Engage semiautomatic playback
Engage step-through playback
Engage teaching
Manually control end effector using position control
Manually control end effector using rate control
Manually make teaching inputs
Monitor Maintain operations log
Robotically remove waste
Chief Aurally monitor remote sounds
Monitor collision avoidance system
Monitor end-effector sensor data
Monitor manipulator forces
Monitor manipulator sensor data
Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Detect watchdog action
Monitor system status
Engage automatic playback
Engage semiautomatic playback
Engage sensor-based obstacle avoidance
Engage step-through playback
Engage end effector
Converge stereo cameras
Disengage end-effector tracking




Monitor

Manually remove waste
Chief

Monitor

2.5. Remove Residual Waste
Exchange waste removal EE for
cleaning EE

Table 4. (continued)
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Engage end-effector tracking

Iris camera

Pan camera

Roll camera

Select camena

Tilt camera

Zoom camera

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor manipulator forces

Monitor end-effector sensor data

Monitor manipulator sensor data

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor end-effector sensor data

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Detect waichdog action

Monitor system status

Engage sensor-based obstacle avoidance

Engage end cifecior

Converge stereo cameras

Disengage end-effector tracking

Engage end-effector tracking

Iris camera

Pan camera

Roll camera

Select camera

Tilt camera

Zoom camera

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor manipulator forces

Monitor end-effector sensor data

Monitor manipulator sensor data

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log



Table 4. (continued)

Chief

Monitor

Teach tank cleaning sequence
Chief

Monitor

Robotically remove residual waste
Chief
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Monitor collision avoidance system

Monitor end-effector sensor data

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor automated end effector

Detect watchdog action

Monitor system status

Initiate automated end-effector changeout
Manually control end-effector using position control
Manually control end-effector using rate control
Converge stereo cameras

Disengage end-effector tracking

Engage end-effector tracking

Iris camera

Pan camera

Roll camera

Select camera

Tilt camera

Zoom camera

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor manipulator forces

Monitor end-effector sensor data

Monitor manipulator sensor data

Visually monitor automated end effector

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log

Visually monitor manipulator position on world model
Visually monitor playback on world model

Engage automatic playback

Engage semiautomatic playback

Engage step-through playback

Engage teaching

Manually control end effector using position control
Manually control end effector using rate controi
Manually make teaching inputs

Maintain operations log

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor end-effector sensor data

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Detect watchdog action




Table 4. (continued)

Monitor

Manually remove residual waste
Chief

Monitor

61

Monitor system status

Engage automatic playback

Engage semiautomatic playback

Engage sensor-based obsiacle avoidance

Engage step-through playback

Engage end effector

Converge stereo cameras

Disengage end-effector tracking

Engage end-effector tracking

Iris camera

Pan camera

Roll camera

Select camera

Tilt camera

Zoom camera

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor manipulator forces

Monitor end-effector sensor data

Monitor manipulator sensor data

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Maintain operations log

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor end-effector sensor data

Monitor manipulator forces

Monitor manipulator sensor data

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model
Detect watchdog action

Monitor system status

Engage sensor-based obstacle avoidance

Engage end effector

Converge stereo cameras

Disengage end-effector tracking

Engage end-cffector tracking

Iris camera

Pan camera

Roll camera

Select camera

Tilt camera

Zoom camera

Aurally monitor remote sounds

Monitor collision avoidance system

Monitor manipulator forces

Monitor end-effector sensor data
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Table 4. (continued)

Monitor manipulator sensor data

Visually monitor end-effector operations on video
Visually monitor end-effector trajectories on video
Visually monitor manipulator position on world model

Inspect tank interior
Chief

Monitor

3. Remove WaRMS Equipment from SST
3.1.1. Remove TWRMS from SST
Manually remove TWRMS from tank
Chief

Monitor

3.1.2. Remove TWRMS from SST
Robotically remove TWRMS from tank
Chief

Monitor

3.2. Remove Aux. CCTV System from SST
Manually remove Aux. CCTV from tank
Chief

Monitor

Maintain operations log

Visually monitor end-effector operations
Converge stereo cameras

Iris camera

Pan camera

Roll camera

Select camera

Tilt camera

Zoom camera

Visually monitor end-effector operations
Monitor system status

Maintain operations log

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status

Manually maneuver aux.

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Initiate robotic deployment sequence
Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status

Manually maneuver aux.

Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Monitor system status
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Table 4. (continued)

3.2. Remove Aux. CCTV System from SST
Robotically remove Aux. CCTV from tank

Chief Aurally monitor remote sounds
Monitor collision avoidance system
Visually monitor deployment
Initiate robotic deployment sequence

Monitor Aurally monitor remote sounds

Monitor collision avoidance system
Visually monitor deployment
Monitor system status




3.2.3 Panel Groups

A panel group, the fundamental building block of a control room concept, is a set of
displays or controls that must be simultaneously available for an operator to successfully
complete a task. Panel groups should not be confused with control/display panels; the panel
group is an organizational concept that specifies what must be available within the
control/display panel that is its physical manifestation. In a systematic design approach, panel
groups define what control/display panels must include; control/display panels are then designed
to meet these requirements efficiently and integrated into workstations that meet the operator's
needs during the campaign.

Panel gmups for the TWRMS were identified by examining the task analysis forms for each
subfunction and the user functions table (i.e., by combining, for each operator, Tables 1-3 and
Table 4). This allows identification of controls and displays that must be avaiiable at the same
time.

3.2.3.1 TWRMS chief

Table 5 lists 16 panel groups that may be identified from the task and function analyses for
the TWRMS chief.

Table 5. Panel groups for the TWRMS chief
Panel type Panel description

Display groups 1. System status monitors
2. Remote viewing
3. Remote sound
4. Collision avoidance
5. Manipulator outputs
. World map
. End-effector outputs

~N Oy

Control groups . Power (startup)

. Camera controls

. Auxiliary CCTYV system maneuvering
. Manipulator inputs

. TWRMS platform maneuvering

. Remote mapping

. Virtual maneuvering

. End-effector inputs

. Robotic operations

O 00 1 O bW N
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Some of these panel groups are similar functions or may include a small number of
functions. For example, auxiliary CCTV system mancuvering and LRM platform mancuvering
will likely require some identical controls and may bc combined into one panel, which may be
called the platform maneuvering panel. For another example, end-effector inputs will likely be
limited to turning the end effector on or off. This control may be integrated into another panel,
perhaps manipulator inputs. There are also natural couplings between some displays and
controls: (1) The remote viewing display panel will be manipulated by the camera control pancl,
(2) The power control panel will have an impact on system status monitors. (3) The remote
mapping control panel will have an impact on the world map display panel. These natural
similarities and relationships allow a smaller set of panel groups to be specified for the TWRMS
chief. Table 6 lists a revised set of panel groups for the TWRMS chief.

Table 6. Revised/control display panel groups for the

TWRMS chief
Panel type Panel description
Display groups 1. System status

2. Remote viewing

3. Remote sound

4. Collision avoidance
5. Manipulator outputs
6. World map

7. End-effector outputs

Control groups 1. Power (startup)
2. Camera controls
3. Platform maneuvering
4. Manipulator and end-effector inputs
5. Remote mapping
6. Virtual maneuvering
7. Robotic operations

Retumning to the task analysis, we can identify for each task the display and control panels
that are required and, furthermore, rank the criticality of each panel for that task. By
understanding the work flow (via the task analysis) and integrating the criticality rankings for
each panel during each task, it will be possible to configure the workstation to optimize
efficiency throughout the process. Tables 7-9 show a prioritized list of TWRMS chief panels
required during each task.

3.2.3.2 TWRMS monitor

A similar process can be used to identify panels for the TWRMS monitor. From the task and
function analyses, 16 panel groups may be identified for the TWRMS monitor (see Table 10).



Table7.PandgrwpslortheTWRMSchicfduﬁnguchhskintheﬁrstuﬁsdonphase

Primary display Primary control Secondary display Secondary control Tertinry dispiay Tertiary control
Mission Phase 1 Subfenction Task panel panel pandl panel panel panel
1. Insert WaRMS 1.1 Activate Aux. Prepare for Aux. None None None None None None
egsllll:pmtinm CCTV system CCTV activation
1. Insert WaRMS 1.1 Activate Aux. Activate Aux. CCTV  System status panel Power panel None None None None
@_lli_puml into CCTV system system
1. Insert WaRMS 1.1 Activate Aux. Verify Aux. CCTV Remote viewing Camera control panel  System status panel Power panel None None
g\l{?ﬂﬂ( into CCTV sy functioning panel
1. Insert WaRMS 1.2 Insert Aux. Choose insertion None None None None None None
§|ll;pm( into CCTV system mode (manual or
into SST robotic)
1. Insert WaRMS 1.2.1 Insert Aux. Manually insert Aux.  Remote viewing Platform mancuver- System status pancl Power pancl Remote sound panel None
g_«‘:_‘p:mz into CCTV system CCTV into tank panel ing panel
into SST
1. Insert WaRMS 1.2.2 Insert Aux. Robotically insert Remote viewing Robotic operations System status panel Power panel Remote sound panel  Platform mancuver-
gpmem into CCTV system Aux. into panel panel ing pancl
into SST tank
1. Insert WaRMS 1.3 Inspect tank in- tank interior Remote viewing Camera control panel  System status panel Platform mancuver- Remote sound pancl Robotic operations
qsgui::pml into terior using Aux. CCTV panel ing pancl pancl
1. Insert WaRMS 1.4 Develop riser Develop and record None None None None None None
g“ri‘"“"" into cutting strategy riser cutting
sequence
1. Insert WaRMS 1.5 Activate LRM Prepare for LRM None None None None None None
g’ruipml into system activation
1. Insert WaRMS 1.5 Activate LRM Activate LRM System status panel Power panel None None None None
gpmmt into system systemn
1. Insert WaRMS 1.5 Activate LRM Verify LRM Remote viewing Manipulator and end-  Manipulator outp Platform - Sy status pancl Power panel
g?}pml into system functioning pancl effecllor inputs pancl ing panel
panel
1. Insert WaRMS 1.6 Insert LRM sys- Choose insertion None None None None None None
@:li_pmml into tem into SST mode (manual or
robotic)
1. Insert WaRMS 1.6.1 Inset LRM Manually insert Remote viewing Platform mancuver- System status panel Power panel Remote sound panel None
gpmmt into system into SST LRM into tank panel ing panel
1. Insert WaRMS 1.6.2 Insert LRM Robotically insert Remote viewing Robotic operations System status panct Power panel Remote sound panel Platform mancuver-
system into SST LRM into tank panel pancl ing pancl

g‘pmmt into
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Tables.l’anelgroupsforﬂleTWRMSchIefduﬂngeachtaskinthesecondnﬁsslonplnse

Primary display Primary control Secondary display Secondary control Tertiary display Tertiary control
Mission Phase 2 Subfunction Task panel panel panel panel panel panel
2. Remove waste 2.1 Cut risers/ITH Map waste surface World map panel Remote mapping System status panel Camera control panel  Remote viewing None
layers panel pancl
2. Remove waste 2.1 Cut risers/TTH Teach riser cutting Worid map panel Virtual mancuvering Remote viewing Camera control panel  None Manipulator and end-
layers sequence panel panel effector inputs
panct
2. Remove waste 2.1 Cut risers/ITH Robotically cut Remote viewing Robotic operations World map panel Manipulator andend-  Remote sound panel Manipalator outputs
layers risers/ITh ! pancl effector inputs pancl
pancl
2. Remove waste 2.1 Cut risers/ITH Manually cut risers Remote viewing Manipulator and end-  Manipulator outputs Camera controls Remote sound panel None
layers panel effector inputs panel panel
panel
2. Remove waste 2.2 Remove cut-up Exchange cutting Remote viewing Robotic operations World map panel Manipulator andend-  End-effector outputs Nonc
layers i end-effector for panel pancl effector inputs pancl
sections gripper panel
2. Remove waste 2.2 Remove cut-up Map waste surface World map panel Remote mapping System status panel Camera control pancl  Remote viewing Nooe
fayers riser/ITH panel panel
sections
2. Remove waste 2.2 Remove cut-up Teach riser removal World map panel Virtual maneuvering Remote viewing Camera control panel  None Manipulator and end-
layers riser/ITH sequence pancl panel effector inputs
sections panci
2. Remove waste 2.2 Remove cut-up Robotcally remove Remote viewing Robotic operations World map pancl Manipulator andend-  Remote sound pancl Manipulator outputs
layers riser/ITH risers/ITH panel effector inputs ponct
sections panet
2. Remove waste 2.2 Remove cut-up Manually remove Remote viewing Manipulstor and end-  Manipulator outputs Camera controls Remaote sound panel Noac
layers riser/ITTH risers panel effector inputs panel pancl
sections panel
2. Remove waste 2.3 Characterize Exchange gripper for  Remote viewing Robotic operations World map panel Manipulator andend-  End-effector outputs None
layers waste mapping end panel panel effector inputs pancl
effector panel
2. Remove waste 2.3 Characterize Map waste surface Worid map panel Remote mapping System status panel Camera control panel  Remote viewng None
layers waste panel pancl
2. Remove waste 2.3 Characterize Determine waste End-effector outputs Remote mapping Remotz viewing Camera control panel ~ Sysiem status pancl None
layers waste composition panel panel panel
2. Remove waste 2.4 Remove waste Exchange mapping Remote viewing Robotic operations Worid map panel Manipulator and end End-effector outputs None
layers EE for waste panel pancl effector inputs pancl
removal EE pancl
2. Remove waste 2 4 Remove waste Teach waste removal  World map panel Virtual maneuvering Remote viewing Camera control pancl  Nooe Manipulator and end-
layers iayer sequence panel effector inputs
panel
2. Remove waste 2.4 Remove waste Robotically remove Remote viewing Robotic operations World map panel andend-  Remotc sound pancl Manipulator outputs
layers layer waste panel effector inputs panel
panc!
2. Remove waste 2.4 Remove waste Manually remove Remote viewing Manipulator and end-  Manipulator outputs Camera controls Remote sound panel None
layers layer waste panel effcclmr inputs panel pancl
pane
2. Remove waste 2.5 Remove residual Exchange waste Remote viewing Robotic operations World map pancl Manipulator andend-  End-effector outputs None
layers waste removal EE for panel panel effector inputs panel
cleaning EE panel
2. Remove waste 2.5 Remove residual Teach tank cleaning World map panel Virtual maneuvering Remote viewing Camera control pancl  None Manipulator and end-
layers waste sequence pancl panel effector wputs

pancl
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Table 8. (continned)
Primary display Primary coutrel Secendary display Secondary contrel Tertiary display Tertiary controt
Mission Phase 2 Subfunction Task panel panel penel panel panel pancl
2. Remove waste 2.5 Remove residual Robotically remove Remote viewing Robotic operations Worid map panel Manipulator and end-  Remote sound pancl Manipulxor outputs
layers waste residual waste panel effector inputs panel
2. Remove waste 2.5 Remove residual ~ Manually remove Remote viewing i andend-  Manipulator cutputs  Camera controls Remote sound panci Nome
layers waste residual waste panel : inputs pancl panel
panc
2. Remove waste 2.5 Remove residual  Inspect tank interior Remote viewing Camesa control panel ~ System status panel  Platform Remote sound panel  Robotic operations
iayers waste panel maneyvering panel pancl
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Table 9. Panel groups for the TWRMS chief during each task in the third mission phase

Primary display Primary control Secondary display Secondary contrel Tertiary display Tertiary control
Mission Phase 3 Ssbfenction Task panet ponet panel panel panel
3. Remove WaRMS 3.1 Remove LRM Choose removal None Nome None Noae Nome Noac
ggli‘puutﬁum system from mode (manual or
SST robotic)
3. Remove WaRMS 3.1.1 Remove LRM remove Remote viewing Platform mancuver- System status panel Power panel Remote sound panel Noac
g#pnun' from :ss_rystm from LRM from tank panel ing panel
3. Remove WaRMS 3.1.2 Remove LRM Robotically remove Remote viewing Rebotic operations System status pancl Power pancl Remote sound panci I"atform mancuver-
g\lgplmﬁm ssys;s}:mﬁun LRM from tank panel ing pancl
3. Remove WaRMS 3.2 Remove Aux. Choose removal None None None None None None
ggii_pnuuﬁnm CCTV system mode (manual or
from SST robotic)
3. Remove WaRMS 3.2 Remove Aux Manually remove Remote viewing Platform mancuver- System status panel Power panct Remote sound ponct Noae
g:ipmemﬁm CCTV system Aux CCTV from panel ing panel
from SST tank
3. Remove WaRMS 3 2 Remove Aux Rohoucally remove Remote viewing Robotic operations System status pancl Power panel Remose sound panc! Platform mancuver-
;gripm( from CcCcTv ;yrﬂem Auz CCTV from panel panel ing panci
from S. tank
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Table 10. Panel groups for the TWRMS

monitor
Panel type Panel description
Display groups 1. System status monitors

2. Remote viewing

3. Remote sound

4. Collision avoidance
5. Manipulator outputs
6. World map

7. End-effector outputs

Control groups 1. Power (startup)
2. Communications
3. Operations log

In addition to these functions required by the assignment of responsibilities in the task analysis,
other control functions could be added so that the TWRMS monitor can assist the TWRMS chief
during periods of high workload. These functions are camera controls, remote mapping, virtual
maneuvering, and robotic operations. Table 11 lists the complete set of panel groups for the
TWRMS monitor. Tables 12-14 provide a prioritized list of the panel groups for the TWRMS
monitor during each mission phase, subfunction, and task.

Table 11, Revised set of control/display panel

groups for the TWRMS monitor
Panel type Panel description
Display groups 1. System status

2. Remote viewing

3. Remote sound

4. Collision avoidance

5. Manipulator outputs
6. World map

7. End-effector outputs

Control groups 1. Power (startup)
2. Camera controls
3. Remote mapping
4. Virtual maneuvering
5. Robotic operations
6. Communications
7. Operations log




Tmnwmtummmmmmhummmww

Primary display Primary contrel Secondary displsy Secondary contrel Tertiary display Tertiary contrel

Mission phase Subfonction Task panel panel panel paned pamet panel
1. Insert WaRMS 1.1 Activate Aux. for Aux. None Nomae Nose Nome Noac Nome
gpmm CCTV system COCTV activation
1. Insert WaRMS 1.1 Activate Asx. Activate Aux. CCTV  System status pancl Communication Nome Operations log Nome Noac
gwﬂw CCTV system system panel
1. Insert WaRMS 1.1 Activate Aux. Verify Anx. CCTV Remote viewing Power pancl System status panel Operations log Noae Nome
g?pmnnm CCTV system functiocing panel
1. Insert WaRMS 1.2 Insert Aux. Choose insertion None Operatioas None Nome None Noae
g‘?fwuuuiuo CCTV system mode (manual or g

into SST robotic)
1. Insct WaRMS 1.2.1 Insert Aux. Mamually insert Aux.  Remote vicwing Camera control pasel  System states pancl Nomae Nome Nome
@inmﬁm CCTV system CCTV iato tank panel

imo SST
1. Insest WaRMS 1.2.2 Insert Aux. Robotically insert Remoee viewing Camera control panel  System status pancl Nome Noae Nose

into SST tank
1. Insert WaRMS 1.3 Inspect tank in- Inspect tank imerior Remote viewing Camera control panel  System staius pancl Noae Noae Noae
1. Insert WaRMS 1.4 Develop riser Develop aud record Remote viewing Operations log Noee Nose None Nome
gpuuﬁw cutting strategy riser cutting se- panel

quence
1. Insert WaRMS 1.5 Activatre LRM Prepare for LRM ac- Noee None None Nose Nerz Nome
gﬂnﬂlﬂo system tivation
1. Insert WaRMS 1.5 Activaie LRM Activate LRM sysiem  System status pancl Communication Nose Operations log Nome Noac
gpuﬂllﬂo system panc!
1. Insert WaRMS 1.5 Activaee LRM Verify LRM func- Remote viewing Power panel System status pancl Operatioas log Noae Noee
gwmﬂnm sysiem toning panel
1. Insert WaRMS 1.6 Insest LRM sys- Noae Operations log Nose Noae Nooc Nome
§|]|_pnn\!nm tem into SST mnde(mnulot
robotic)

1. Insert WaRMS 1.6.1 Insert LRM Manually insert LRM  Remote viewing Camera control panct  Sysiem status panel Nowe Nose Nose
wm system into SST into tank
1. Insert WaRMS 1.6.2 Insent LRM Robotically insert Remote viewing Cameracontrol panci  System status pamel Nome None Noac

system into SST LRM into tank pancl

L
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4. REMAINING STEPS IN THE PROJECT

The third phase of the task (after function analysis and task analysis) will be to develop
conceptual designs of control panels, workstations, and the control room layout. In this phase the
panel group organization developed in the first phase will be translated into recommendations for
arranging physical components in the control room. The outcome of this phase will be a set of
conceptual design drawings describing workstation and control room layout concepts.

4.1 CONTROL PANEL DESIGN

Control panels are the building blocks of workstation design and include all displays and
controls necessary for one operator to perform an activity for which he is responsible. The
outcome of this part of the task will be conceptual designs for all of the control panels required
by each member of the crew. This step will use the panel groups identified in the task analysis
and the flow charts (at the task element level) to optimize the arrangement of displays and
controls within panels.

4.2 WORKSTATION DESIGN

Workstations include control panels and supporting equipment. Some crew members may
require multiple panels (e.g., a control panel to tum on and initialize the equipment and a control
panel to conduct manipulator operations); workstations will be designed to integrate or separate
multiple control panels as necessary to optimize user efficiency. Workstations will also support
the users by providing room for manuals, storage, etc. The outcome of this part of the task will
be conceptual design drawings for workstations, including recommendations for displays,
controls, cabinets, and seating. This step will use the panel groups and task analysis flowcharts
(at the task and subfunction levels) to optimize the arrangement of control/display panels within
workstations.

4.3 CONTROL ROOM LAYOUT

The final stage of the design phase will be to integrate workstations into a control room. The
control room layout will optimize cooperation and communication among users of separate
workstations. The outcome of this part of the task will be a conceptual design drawing for a
recommended layout of workstations within the control room. This stage will use task analysis
flowcharts at the mission phase and subfunction level to optimize the arrangement of
workstations within the control room.
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5. SUMMARY

A task analysis was conducted to0 support control room conceptual design work for the
TWRMS. Initially, the control room will be deployed for an integrated demonstration of retrieval
technology, but it will also serve as a prototype for a deployable control room for waste retrieval
operations.

The study used existing TWRMS concepts to generate a campaign scenario; a formal task
analysis, using niethods developed for nuclear power plant control rooms, was conducted in this
scenario. The task analysis (1) verified preliminary crew size decisions, (2) allowed detailed
allocation of functions between members of a two-person crew, (3) allowed organization of
control/display requirements for each crew member into related groups, and (4) allowed
prioritization of panel groups based on mission stages. The resulting panel groups and
prioritization will guide future control/display panel conceptual design work. A task network
model developed alongside the task analysis will also guide future control/display panel,
workstation, and control room layout conceptual design work.

77




REFERENCES

1. S. M. Babcock et al., Single-Shell Tank Waste Retrieval Manipulator System, ORNL/TM-

12210, Oak Ridge Natl. Lab., Martin Marietta Energy Systems, Inc., September 1992.
2.J. V. Draper, Function Analysis for the Tank Waste Retrieval Manipulator System,

ORNL/TM-12417, Oak Ridge Natl. Lab., Martin Marietta Energy Systems, Inc., August 1993.
3. D. Burgy, et al., Task Analysis of Nuclear Power Plant Control Room Crews: Project

Approach and Methodology (NUREC/CR-3371, Vol. 1-4). Washington, D.C.: U.S. Nuclear
Regulatory Commission 1983.

79



APPENDIX
TASK ANALYSIS FORMS

81



Modified Task Analysis Form for Waste Retrieval ManipulatO( System

Mission Phase: 1. Insert TWRMS Equipment into SST

Sub-Function: 1.1. Activate Aux. CCTV System

Task: Prepare for aux. CCTV activation Sequence:
Purpose: Get crew and equipment ready for start-up. Duration:

Receive instructions to proceed

Cue:

Description: After receiving instructions to proceed, prepare the crew and equipment for aux. CCTV system activation.

Comments:

Communication
Means of
El. No. Time Verb Group Parameter  State Component System Other Ob]. _ Action Respondent Centent
1 0 Inspects Perceptual readiness control visual
room
2 0 Requests Communicati readiness verbal crew readiness
on communicat report
R N e . ion
3 Receives Communicati readiness aux. CCTV verbal
on communicat
- : e ion
4 0 Decides Cognitive readiness full
S 0 Informs Communicati mode start aux. CCTV verbal crew warning
on communicat
ion . . -

(4}



a , . s
Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST o - -

Sub-Function: 1.1. Activate Aux. CCTV System -

Task: Activate aux. CCTV system Sequen:e*"h 7 727 o

Purpose: Turn on the aux. CCTV system Duration: 0

Cue: Crew and equipment prepared to activate system

Description: After preparing the crew and equipment for activation, turn on the

aux. CCTV system

Comments:
Communication
Means of
El. No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 0 Positions Motor power on electrical aux. CCTV discrete
power control
2 0 Positions Motor power on control  aux. CCTV B discrete
computers control
3 0 Monitors Perceptual output in-band control  aux. cerv CRT
signal computers
4 0 Decides Cognitive mode operable control aux. CCTV
computers
5 0 Positions Motor power on aux. CCTV aux. cetv discrete
remotes control
6 0 Monitors Perceptual output in-band aux. CCTV aux. CCTV CRT
signal remotes
7 0 Decides o Ec?égitive mode Aaperabigr ‘;:gﬁ.tfoi aux. ccTv

computers

£8




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST
Sub-Function: 1.1. Activate Aux. CCTV System
Task: Verify aux. CCTV functioning Sequence: 3
Purpose: Make sure that the CCTV systems are functioning properly and are Duration: 0
Cue: Aux. CCTV activated
Description: After turning on the aux. CCTV, make sure that it is functioning properly.
Comments:
Communication
Means of
El. No. Time Verb Group Parameter  State Component System Other Ob).  Action Respondent Content
1 0 Adjusts Motor position cameras aux. CCTV continuous
control
2 0 Inspect o _ aux. CCTV o computer
3 0 Decides Cognitive mode operablé"w“#m" ‘aux. CCTV computer

v8




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST

Sub-Function: 1.2. Insert Aux. CCTV System into SST

Task: Choose insertion mode (manual or robotic) Sequence: 1
Purpose: Select an insertion mode Duration: 0
Cue: Aux. CCTV is ready for insertion

Description: After deciding that the aux. CCTV is ready for insertion, decide whether to use maruai or robotic insertion mode.

Comments:
S o o Communication
Means of
El. No. Time Verb Group Parameter  State Component System Other Obj.  Action Respondent Content
1 0 Chooses Cognitive mode robotic aux. CCTV

or manual

S8




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST
Sub-Function: 1.2.1 Insert Aux. CCTV System into SST
Task: Manually insert aux. CCTV into tank Sequence: 2
Purpose: Carry out manual insertion Duration: 0
Cue: Insertion mode selected
Description: After selecting manual insertion mode, manually control the insertion process
Comments: Branch 1
Communication
Means of
EL No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 0 Positions Motor mode manual aux. CCTV discrete
control
2 0 Adjusts Motor rate T aux. CCTV continuous
control
3 0 Monitors  Perceptual positigﬁ-w o - aux. CCTV TV
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Mission Phase:

1. Insert TWRMS Equipment into SST
Sub-Function: 1.2.2 Insert Aux. CCTV System into SST
Task: Robotically insert aux. CCTV into tank ~

Purpose: Carry out robotic insertion
Cue: Insertion mode selected

Modified Task ‘Analysis Form for w?sge Bgtrieval Manipulator System

Description: After selecting robotic insertion ode, i-itiate and monitor the insertion process

Comments: Branch 2

EL No. Time Verb Group Parameter State Component System Other Obj.
1 0 Pushes Motor mode robotic aux. CCTV
2 0 Pushes Motor " mode " start robotic aux. CCTV
routine
3 0 Monitors Pe;EEEEﬁii’ position " in-band cCcTV | aux. CCTV
platform
- 4 0 Monitors Perceptuai positionﬂi'ih-band CcCTV " aux. CCTV
platform
T ) 0 Detects Perceptual poéiEiB;'u out-of- cCTV  aux. CCTV
band platform
6 0 Pushes Motor mode stop CCTV " aux. COTV
platform
7 " 0cChooses  Cognitive mode T robotic  CCTV  aux. CCTV
or manual

platform

Communication
Means of

discrete
control

discrete
control

v

world map

discrete
control

L8




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST
Sub-Function: 1.3. Inspect Tank Interior
Task: Inspect tank interior using aux. CCTV Sequence: 1
Purpose: Use the aux. CCTV to examine the tank interior Duration: 0
Cue: Aux. CCTV system in place and functioning
Description: After inserting the aux. CCTV, use it to inspect the tank interior.
Comments:
Means of
El. No. Time Verb Group Parameter  State Component System Other Obj.  Action
1 0 Pushes Motor mode robotic aux. CCTV discrete
or manual control
2 0 Adjusts Motor position TV camera aux. CCTV continuous
control
3 0 Inspects  Perceptual risers/ITH tank ™v
774 ORecords  Communicati position " risers/ITH tank Operations
Log

on and status

Communication
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Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SS

Sub-Function: 1.4. Develop Riser Cutting Strategy

Task: Develop and record riser cutting sequence Sequence: 1
Purpose: Determine the order for cutting risers and ITH and record the seq Duration: 0
Cue: Risers/ITH noted and described

Description: After inspect the tank and recording the position and status of risers/ITH, develop a cutting strategy and
record it in the Operations Log

Comments:
Communication
Means of
EL No. Time Verb Group Parameter  State Component System Other Obj.  Action Respondent Content
1 0 Chooses Cognitive cut order risers/ITH Operations
Log
2 0 Records Communicati cut order T Trisers/ITH Operations

on Log
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Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST

Sub-Function: 1.5. Activate LRM System

Task: Prepare for LRM activation 7 o m

Purpose: Get crew and equipment ready for start-up. Duration: 0
Cue: Aux. CCTV in tank

Description: After receiving instructions to proceed, prepare the crew and equipment for LRM system activation.

Comments:
—_— .
Means of
El. No. Time Verb Group Parameter State Component System OtherObl.  Action Respondent Content
1 0 Inspects Perceptual readiness control visual
room
2 0 Requests Communicati readiness "~ LRM T verbal crew readiness
on communicat report
— B - . ion
3 0 Receives Communicati readiness LRM verbal
on communicat
e B - ion
4 0 Decides Cognitive readiness full LRM
5 0 Informs  Communicati mode  activation LRM verbal crew warning
communicat

on
ion

06



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST
Sub-Function: 1.5. Activate LRM System
Purpose: Turn on the LRM system Durstion: 0
Cue: Crew and ejuipment prepared to activate system
Description: After preparing the crew and equipment for activation, turn on the LRM system
Comments:
— — e B S e e e
Means of
El. No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 0 Positions Motor power on electrical LRM discrete
power control
"7 2 “opositions Motor  power on ‘control LRM discrete
computers control
"3 7 OMonitors  Perceptual output  in-band control LRM CRT
signal computers
" 4 OpDecides  Cognitive mode  operable control LRM
computers
T77§ "0 Positions Motor  power  on  LRM  LRM discrete
remotes control
h 6 O Monitors vl;é;é“ebgual outpuf in-band LRM © " LRM B CRT
signal remotes

16




ModiﬁedTaskAnalyslsFormforWasﬁeRetrievalllaMpulatprSysmn

Mission Phase: 1. Insert TWRMS Equipment into SST

Sub-Function: 1.5. Activate LRM System

Task: Verify LRM functioning ’ m

Purposs: Make sure that the LRM systems are functioning properly and are r Duration: 0
Cue: LRM activated

Description: After turning on the LRM, make sure that it is functioning properly.

Comments:
. :
Means of
1 0 Inspects Perceptual LRM ™
2 Fadjusts " Motor position o mniptﬁéié LRM ‘ ‘ continuous
r control
3 0 Decides Cognitive mode operahie o LRM o éouputet

<6




WTukAmmFummemwwmuw

Mission Phase: 1. Insert TWRMS Equipment into SST

Sub-Function: 1.6. Insert LRM System into SST

Tasic Choose insertion mode (manual or robotic) o ‘ ' Saquence: 1
Purpoes: Select an insertion mode Duration: 0

Cue: LRM is ready for insertion
Description: After deciding that the LRM is ready for insertion, decide whether to use manual or robotic insertion mode.

Commaents:
- Communication
Means of
EL No. Time Vard Group Parameter State Component System Othar Obl.  Action Respondent Content
1 0 Chooses Cognitive mode LRM

£6
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Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST

Sub-Function: 1.6.1. Insert LRM System into SST

Task: Manually insert LRM into tank Sequence: 2
Purpose: Carry out manual insertion Duration: 0
Cue: Insertion mode selected

Description: After selecting manual insertion mode, manually control the insertion process

Comments:
o N T - Communication
Means of
El. No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content B L
1 0 Positions Motor mode manual LRM discrete
control
2 0 Adjusts Motor rate _-LEM-. e continuous
control

3 0 Monitors Perceptual position LRM o ™




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase:

1. Insert TWRMS Equipment into SST

Sub-Function: 1.6.2. Insert LRM System into SST
Task: Robotically insert LRM into tank Sequence: 2 7
Purpose: Carry out robotic insertion Duration: 0
Cue: Insertion mode selected
Description: After selecting robotic insertion mode, initiate and monitor the insertion process
Comments:
Communication
Means of
El. No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 0 Pushes Motor mode robotic LRM discrete
control o
— w
2 0 Chooses Cognitive mode playback LRM discrete
control
3 0 Pushes Motor mode playback LRM discrete T i
control
4 0 Monitors Perceptual position in-band LRM LRM “world map - -
platform
5 0 Decides Cognitive mode operable robotic LRM - T
routine
6 0 Pushes Motor mode start robotic LRM discrete I
routine control
7 0 Monitors Perceptual position in-band LRM LRM v CoTTTT T
platform
8 0 Monitors Perceptual position in-band LRM LRM world map T
platform
“777'9 0 Decides Cognitive position out-of- LRM LRM T o
band platform
10 0 Pushes Motor mode stop LRM LRM discrete oo T .
platform control




Modified Task Analysis Form for Waste Retrieval Manipulator‘ Syggr_r_l B

0 Decides Cognitive mode operable LRM

or

inoperable I
0 Chooses Cognitive mode robotic LRM

or manual

96




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.1. Cut Risers/ITH

Task: Map waste surface 7 's;éuence: 1
Purpose: Create a computerized map of the waste surface and the risers/ITH Duration: 0
Cue: LRM operational in tank

Description: After the LRM is operational inside the tank, create a computerized map of the waste surface including the
positions of any risers or ITH present.

Comments:
Communication
Means of
El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Content
1 0 Pushes Motor mode start data computer discrete
collection map control
2 0 Monitors Perceptual mode operable data computer o " CRT
collection map
3 0 Inspec€§4¥AnﬁPerceptual - T ) "W“EBmSGEéE CRT

map

L6




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.1. Cut Risers/ITH

Task: Teach riser cutting sequence Sequence: 2
Purpose: Teach the system to do riser/ITH cutting Duration: 0

Cue: Map completed
Description: After mapping the waste surface, teach the system to cut the risers/ITH into pieces manageable by the removal
system.
Comments: This is a teaching, not programming task. Elements 2-6 and 7-13 could occur repetitively.
Communication
Means of
El No. Time Verb Group Parameter  State Component System Other Ob).  Action Respondent Content
1 Pushes Motor mode start teach world map discrete
control \O
0o
2 Remembers Cognitive sequence risers/ITH Operations
Log
3 0 Adjusts Motor  position LRM world map continuous
control
4  O0Monitors  Perceptual position LRM world map CRT
5 0 Pushes Motor  mode start cutting EE world map discrete
control
776 0 pushes Motor  mode  stop teach “world map discrete
control
T 7 0pushes Motor  mode start  playback world map ) discrete
control
778  OMonitors  Perceptual mode operable  playback  world map CRT
"9 0pecides " mode override playback world map
10 0 pushes Motor mode  override “§i£§gacﬁ world map discrete

control




4 T
Modified Task Analysis Form for Waste Retrieval Manipulator System
11 0 Adjusts Motor  position  LRM  world map ~ continuous
control
12 0 Monitors Perceptual position LRM world map CRT
13 0 pushes  Motor  mode  start  playback world map discrete
control
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Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.1. Cut Risers/ITH

Task: Robotically cut risers/ITH
Purpose: Cut risers/ITH robotically
Cue: Cutting program taught

Description: After the cutting program is taught, execute

Comments: Elements 4-11 would occur repetitively

Sequence: 3
Duration: 0

and monitor the program, intervening manually as necessary.

Communication
Means of
El. No. Time Verb Group Parameter  State Component System Other Obj.  Action Respondent Content
1 0 Decides Cognitive mode operable playback
2 0 Pushes Motor mode " enable T LRM discrete
control
3 0 Pushes Motor mode start playback LRM o k discrete
control
4 0 Monitors Perceptual mode operable playback LRM v
S 0 Monitors Perceptual mode operable playback '¥£Eiﬁ“ﬁ;b T CRT
6 0 Decides Cognitive mode override playback' LRM
7 0 Pushes Motor mode override playback “LRM ' discrete
control
8 0 Adjusts Motor position cutting EE LRM o continuous
control
9 OMonitors  Perceptual position 777 cutting EE LRM W
10 0Monitors  Perceptual position  cutting EE LRM ‘ world map

001



Modified Task Analysis Form for Waste Retrieval Magiggrl?trquSystem

11

0 Pushes

Motor mode enable playback LRM discrete
control
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Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.1. Cut Risers/ITH

Task: Manually cut risers Sequence: 4
Purpose: Cut risers under manual control Duration: 0
Cue: Map completed

Description: After the map is completed, cut the risers/ITH into manageable sections using manual control.

Comments:
Communication
Means of
El. No. Time Verb Group Parameter  State Component System Other Ob).  Action Respondent Content
1 0 Pushes Motor mode enable LRM discrete
control
2 0 Remembers Cognitive sequence ‘ T o risers/ITH Operations
Log
3 0 Adjusts Motor position N "cuiEEBE'Eé‘ijﬁiw continuous
control
4 0 Monitors Perceptual position cutting EE LRM CRT
5 0 Pushes Motor mode start cutting EE LRM " discrete
control
6 0 Monitors Perceptual cutting in-band cutting EE LRM T v ) )
7 0 Pushes Motor mode stop cutting EE LRMiﬂ‘miw T T vdiséféée
control

<0t



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.2. Remove Cut-up Riser/ITH Sections

Task: Exchange cutting end-effector for gripper Sequence: 1
Purpose: Discard the cutting end-effector and attach the gripper so that s Duration: 0
Cue: Risers/ITH cut into sections

Description: After completing cutting, exchange the cutting end-effector for the gripper end-effector.

Comments: This should be done automatically.

Communication
Means of
El. No. Time Verb Group Parameter  State Component System Other Obj.  Action Respondent Content
1 Pushes Motor gripper end- LRM discrete
effector control
2 0 Pushes Motor mode start  end- “LRM cha;xlgﬂemwv discrete
effector program control
3 0 Monitors Perceptual position in-band ‘ BT T S T T
) 4 O Monitors ~ Perceptual position  in-band IRM _ world map CRT
5 0 Inspects " Perceptual ) T T T Tend- . LRM o v

effector

€01



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.2. Remove Cut-up Riser/ITH Sections

Task: Map waste surface Sequence: 2
Purpose: Create a computerized map of the waste surface and the risers/ITH Duration: 0
Cue: Gripper end-effector installed

Description: After the gripper end-effector is installed, create a computerized map of the waste surface including the
positions of any risers or ITH present.

Comments:
Communication
Means of
EL No. Time Verb Group Parameter  State Component System Other Ob).  Action Respondent Content
1 0 Pushes Motor mode start data computer discrete
collection map control
2 0 Monitors Perceptual mode operable data ' compute} T " "crT
collection map
3 0 Inspects Perceptual 'chgp‘d'r‘.;f o CRT

map

Yol




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.2. Remove Cut-up Riser/ITH Sections

Task: Teach riser removal sequence Sequence: - 3
Purpose: Teach the system to do riser/ITH cutting Duration: 0
Cue: Map completed

Description: After mapping the waste surface, teach the system to pick up riser/ITH sections.

Comments: This is a teaching, not programming task. Elements 2-6 and 7-13 could occur repetitively.

Communication
Means of
El. Ne. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content ) )
1 Pushes Motor mode start teach world map discrete
control
2 Remembers Cognitive sequence T Tfisers/ITH Bi)-é;af:ions'
Log
3 0 Adjusts Motor position LRM world map - continuous
control
4 0 Monitors Perceptual position LRM world map ’ " err
5 0 Pushes Motor mode start gripper EE world map discrete
control
6 0 Pushes Motor mode stop teach world map T 7 discrete
control
7 0 pushes Motor mode start playback world map" o " discrete
control
8 0 Monitors Perceptual mode operable playback worldmr;\éb o " CRT
9 0 Decides Cognitive mode override playback world mgﬁ -
10 0 Pushes Motor mode override playback world map T TQdiscrete

control

SOt




Modified Task Analysis Form for Waste Retrieval Manipulator System
11 0 Adjusts Motor

position LRM world map continuous
control
12 0 Monitors Perceptual position LRM world maﬁr—*Arﬂ*‘AAdiuéﬁfwrWﬂrrW
13 0 Pushes Motor mode start playback world map " discrete
control

901



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers
Sub-Function: 2.2. Remove Cut-up Riser/ITH Sections

e e “ T E
Task: Robotically remove risers/ITH Sequence: 4
Purpose: Remove riser/ITH sections robotically. Duration: 0

Cue: removeting program taught

Description: After the removeting program is taught, exeremovee and monitor the program, intervening manually as necessary.

Comments: Elements 4-11 would occur repetitively

Communication
Means of
El. No. Time Verb Group Parameter  State Component System Other Obj.  Action Respondent Content
1 0 Decides Cognitive mode operable playback
2 0 Pushes Motor mode enable "R discrete
control
3 0 Pushes Motor mode start playbaéi>WA1ﬁi—wu T ' " discrete
control
4 0 Monitors Perceptual mode operable playback LRM T LoV
) 0 Monitors Perceptual mode operable playbaéi woriaAﬁEEHW_m CRT
6 0 Decides Cognitive mode override playback LRM S
7 0 Pushes Motor mode overrider playbaci_”wiﬁh oo “discrete
control
8 0 Adjusts " Motor position gripﬁer EE LRM continuous
control
T 9 0 Monitors *"SQEEEBEua1 position T ”“Q?iﬁﬁéi'iiwiiﬁ“_w T T v
10 0 Monitors Perceptual position ‘ o “'ﬁ§§3555} EE LRM ‘ world map

LOt




Modified Task Analysis Form for Waste Retrieval ngigylgtpr Systgm

11

0 Pushes

Motor mode enable playback LRM discrete
control
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Mission Phase:

2. Remove Waste Layers
Sub-Function: 2.2. Remove Cut-up Riser/ITH Sections
Task: Manually remove risers

Purpose: Remove riser/ITH sections manually.

Cue: Map completed

Sequence:
Duration:

Modified Task Ana_!ysis Form for Waste Retrieval [ﬂanipulator System

Description: After the map is completed, remove the risers/ITH into manageable sections using manual control.

Comments:

Communication

Means of
El. No. Time Verb Group Parameter  State Component System Other Obj.  Action Respondent Content
1 0 Pushes Motor mode enable LRM discrete
control
2 0 Remembers Cognitivem Ms.&n.ié;xcé o ’ risers/ITH Operations
Log
3 OAdjusts_M— Motor 7:?)51'(:1&1 o ’ gripper EE LRM continuous
control
4 0 Monitors Perc_eaaiél position . é;ip;;er EE LRM CRT
5 0 Pushes Motor  mode start Mg‘x—'i'pb_é; EE LRM discrete
control
6 0 Monitors Perceptual gribiiéi EE in-band gxiﬁp—é; EE LRM ) v
7 0 Pushes Motor mode stop gripber EE LRM discrete

control
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Modified Task Analysis Form for Waste Rgtrieval Manipy!atqt Systgm

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.3 Characterize Vaste

Task: Exchange gripper for mapping end-effector Sequence: 1
Purpose: Discard the gripper and attach the sub-surface mapping end-effect Duration: 0
Cue: Risers/ITH sections removed

Description: After completing riser/ITH removal, exchange the gripper for the sub-surface mapping end-effector.

Comments:
Communication
Means of
Ei. No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 Pushes Motor sub- end- LRM discrete
surface effector control
mapoing .. I
2 0 Pushes Motor mode start end- LRM change discrete
effector program control
3 0 Monitors Perceptual position in-band T T LRM v
4 0 Monitors Perceptual position in-band LRM world mép S CRT
5 0 Inspects Perceptual 7 Tema- | LRM T v

effector

ot



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.3 Characterize Waste

Task: Map waste surface Sequence: 2
Purpose: Create a computerized map of the waste surface and the risers/ITH Duration: 0
Cue: Sub-surface mapping end-effector in place

Description: After the sub-surface mapping end-effector is installed, create a computerized map of the waste surface
including the positions of any risers or ITH present.

Comments:
) ) Communication
Means of
El. No. Time Verb Group Parameter  State Component System Other Ob].  Action Respondent Content
1 0 Pushes Motor mode start data computer discrete
collection map control
2 0 Monitors Perceptuzl mode  operable data computer CRT
collection map
T3 g Imspects  Perceptual 7 computer ) CRT

map

Il




Modified Task Analysis Form for ngtg Rgtﬁgyal Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.3. Characterize waste

Task: Determine waste composition Sequence: 3
Purpose: Decide what the waste is like, that is, its consistency, composit Duration: 0
Cue: Map completed

Description: After completing the surface map, determine and record the characteristics of the waste layer.

Comments:
T o Communication
Means of
El. No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 0 Decides Cognitive compositio waste
n etc. layer
2 0 Records Communicati compositio o waste Operations

on n etc. layer Log

44!



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase:

2. Remove Waste Layers
Sub-Function: 2.4. Remove Waste Layer
Task: Exchange mapping EE for waste removal EE

Purpose: Discard the sub-surface mapping EE and attach the waste removal e

Cue: Waste layer mapped and characterized

Sequence: 1
Duration: 0

Description: After the waste has been described and the description recorded, change the mapping end-effector for the

appropriate waste removal end-effector
Comments:

. Communication

Means of
EL No. Time Verd Group Parameter  State Component System Other Obj.  Action Respondent Content
1 0 Decides Cognitive end- LRM
effector
2 0 pushes Motor 7 7 sub-  end-  LRM discrete
surface effector control
IS e e e .WADDRANG . - A
3 0 Pushes Motor mode start end- LRM change discrete
effector program control
- 4 0 Monitors” ’ Percépiuéi N;ositiibh ‘ i;x—bénd LRM TV
5 OMomitors  Perceptual position in-band  LRM world map CRT
B § 0 Inspects  perceptual  end- T LRM v

effector

(14!




Modified Task Analysis Fom for w§ste Retmgval m_h_ﬂanipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.4. Remove Waste Layer

Task: Teach waste removal sequence Sequence: 2
Purpose: Teach the system to do waste removal Duration: 0

Cue: wWaste removal end-effector in place

Description: After change end-effectors, teach the system to remove the waste layer.

Comments: This is a teaching, not programming task. Elements 2-6 and 7-13 could occur repetitively.

e c
Means of
EL. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Content
1 Pushes Motor mode start teach world map discrete
control
2 Remembers  Cognitive sequence T waste Operations
Log
3 0Adjusts  Motor  position i LRM world map continuous
control
4 OMonitors  Perceptual position ) " LRM world map CRT
S 0 Pushes " "Motor  mode ' start  waste “world ﬁap discrete
removal EE control
6 0 Pushes Motor  mode  stop  teach ‘world map discrete
control
T3 0 pushes  Motor  mode  start  playback world map discrete
control
T8 0 Monitors ~ Perceptual mode  operable playback world map CRT
TG T UDecides ~  Cognitive mode  override playback world map
710 0 pushes " “Motor  mode override playback world map discrete

control

4%




- A )
Modified Task Analysis Form for Waste
11 0 Adjusts S Motor ggsitién 7mw>«“~M;Eg‘A 4
12 0 Monitors Perceptual position LRM
13 0 Pushes Motor mode start

playback  world map

Retrieval Manipulator System

continuous
control

CRT

discrete
control

St




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.4. Remove Waste Layer

Task: Robotically remove waste Sequence: 3
Purpose: Remove waste layer robotically. Duration: 0
Cue: Waste removal program taught

Description: After the waste removal program is taught, execute and monitor the program, intervening manually as necessary.

Comments: Elements 4-11 would occur repetitively

Communication
Means of
ElL No. Time Verb Group Parameter  State Component System Other Obj.  Action Respondent Content
1 0 Decides Cognitive mode operable playback
2 0 Pushes Motor mode  enable LRM o discrete
control
737 0pushes  Motor  mode  start  playback LRM discrete
control
2 OMonitors  Perceptual mode  operable playback LRM ™v
S 0 Monitors “Perceptual mode  operable playback world map CRT
6 0 Decides “A_Cognitive mode override playbaéEWMHZRMAA7‘> T
7 0 Pushes Motor mode  override ) playback " LRM ) o discrete
control
8 0 Adjusts  Motor "7 7 “position h waste " LRM continuous
removal EE control
9" O Monitors  Perceptual position = waste LRM v
removal EE
7710 0 Monitors  Perceptual position “waste  LRM world map

removal EE

911




Modified Task Analysis Form for Waste Retrieval Manipulator System

11 0 Pushes Motor mode enable playback  LRM discrete
control

L1l




Modified Task Analysis Form for Waste Retrieval Manipulator System

2. Remove Waste Layers
Sub-Function: 2.4. Remove Waste Layer
Task: Manually remove waste Sequence: 4
Purpose: Remove waste layer manually. Duration: 0
Cue: Waste layer mapped and characterized
Description: After the map is completed, remove the waste using manual control.
Comments:
e -
Means of
EL No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 0 Pushes Motor mode enable LRM discrete
control
2 0 Remembers Cognitive sequence T waste Operations
Log
3 0Adjusts  Motor “position ' waste LRM continuous
removal EE control
4 0 Monitors Percepttisl position T i “waste LRM CRT
removal EE
S 0 Pushes “Motor mode start  waste LRM discrete
removal EE control
6 0 Monitors Percep;:ﬁ_al gripper‘ EE in-band waste "LRM vV
removal EE
7 0 Pushes Motor  mode stop ‘waste LRM discrete
removal EE control

811
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Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.5. Remove Residual Waste

Task: Exchange waste removal EE for cleaning EE Sequence: 1
Purpose: Discard the waste removal end-effector and attach the cleaning EE Dvration: 0
Cue: Last waste layer removed

Description: After the last layer of waste is removed, exchange the waste removal EE for the cleaning EE.

Comments:
Communication
Means of
El. No. Time Verb Group Parameter  State Component System Other Obj.  Action Respondent Content
1 0 Pushes Motor sub- end- LRM discrete
surface effector control
__mapping } [
2 0 Pushes Motor mode start end- LRM change discrete
effector program control
3 0 Monitors Perceptual position in-band w7 ™v
4 0 Monitors Perceptual position in-band LRM world ma-pfﬂm - "~ CRT
5 0 Inspects Perceptual end-  LRM - TV

effector

611




Modified Task Analysis Form for Waste Retrieval Manipulator Syste

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.5. Remove Residual Waste

Task: Teach tank cleaning sequence 7 Seéuence: 2
Purpose: Teach the system to do tank cleaning Duration: 0
Cue: Tank cleaning end-effector in place

Description: After changing end-effectors, teach the system to remove the residual waste.

Comments: This is a teaching. not programming task. Elements 2-6 and 7-13 could occur repetitively.

Means of
El. No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 Pushes Motor mode start teach world map discrete
control
2 Remembers Cognitive sequence - T T waste Operations
Log
o 3 0 Adjusts Motor - positiaﬁ ' TTTLRM wdiid”mib » continuous
control
4 0 Monitors “Perceptual position  LRM  world map CRT
5 0 Pushes Motor " mode ““start  tank “world hab k discrete
cleaning control
EE e e e o
6 0 Pushes Motor mode stop teach world map discrete
control
7 0 Pushes Motor mode start playback world map T discrete
control
8 0 Monitors Perceptual mode operable playback world map 777 crr
) 0 Decides Cognitive mode override playback world map )
10 0 Pushes Motor mode override playback “haéié”ﬁéﬁv"’ discrete
control

Communication

0z1




Modified Task Analysis Form for Waste Retrieval Manipulator System

0 Adjusts Motor position LRM world map continuous
control

0 Monitors Perceptual position LRM  world Eﬁﬁﬁ*kﬂi‘A‘ B CRT

0 Pushes Motor mode start playbééf_muworld map T discrete
control

¥4l



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase:

2. Remove Waste Layers

Sub-Function:

2.5. Remove Residual Waste

Task: Robotically remove residual waste

Purpose: Remove waste layer robotically.

Cue: Tank cleaning program taught

Description: After the tank cleaning program is taught, execute

Comments:

Elements 4-11 would occur repetitively

 Sequence: 3

Duration: 0

and monitor the program, intervening manually as necessary.

Means of
El. No. Time Verb Group Parameter  State Component System Other Ob).  Action
1 0 Decides Cognitive mode operable playback
2 0 Pushes Motor mode enable LRM 7 ‘discrete
control
3 0 Pushes Motor mode start playback 'LRM o discrete
control
4 0 Monitors Perceptual mode opz;ésle plgyséék LRM B ™V
5 0 Monitors “Perceptual mode  operable playback world map CRT
6 0 Decides Cognitive mode " override playback " LRM
7 0 Pushes Motor mode override playbackr ‘R discrete
control
8 0 Adjusts Motor position tank LRM T continuous
cleaning control
EE SR e e -
9 0 Monitors Perceptual position tank LRM TV
cleaning
R EE e .
10 0 Monitors Perceptual position tank LRM world map
cleaning

- .-BE __ ..

Communication

Respondent Content

(44!




Modified Task Analysis Form for Was‘t_gnRetrieval Manipulator System

11 0 Pushes Motor mode enable playback LRM discrete
control

£Cl




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers
Sub-Function: 2.5. Remove Residual Waste
Task: Manually remove residual waste Sequence: 4
Purpose: Remove waste layer manually. Duration: 0
Cue: wWaste layer mapped and characterized
Description: After the map is completed, remove the residual waste using manual control.
Comments:
_ S - - R ,
Means of
EL No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 0 Pushes Motor mode enable LRM discrete —
control [
2 0 Remembers Cognitive sequence waste Operations
Log
3 0 Adjusts " Motor position o k tank  LRM continuous
cleaning control
e e e e o EE__ .
4 0 Monitors Perceptual position tank LRM CRT
cleaning
_ e A ._EE _ .
5 0 Pushes Motor mode start tank LRM discrete
cleaning control
— i ... EE
6 0 Monitors Perceptual cleaning in-band tank LRM ™v
EE cleaning
OSSR > S : S
7 0 Pushes Motor mode stop tank LRM discrete
cleaning control
EE -




Ilodiﬁed"l‘ask Analysis Form for Waste Retneval llampulator System

Mission Phase: 2. Remove Waste Layers

Sub-Function: 2.5. Remove Residual Waste

Taskc Inspect tank interior 5
Purpose: Inspect the interior of the tank after cleaning and record the st Duration: 0
Cue: Waste cleaning completed
Description: After cleaning the tank, inspect the tank and make a record of its status.
Comments:
S
Means of
EL No. Time Verd Group Parameter  State Component System OtherObj. Action  Respondent Content
1 0 Inspect tank ™
interior
2 0 Record ) tank Operations
interior Log

st




Mission Phase: 3. Remove TWRMS Equipment from SST

Sub-Function: 3.1. Remove LRM System from SST

Tesk  Choose removal mode (mamual or robotic) ~ Sequence: 1
Purpose: Select a removal mode Duration: 0
Cue: Tank inspection completed

Description: After deciding that the LRM is ready for removal, decide whether to use manual or robotic removal mode.

Comments:
_ e S
Means of
EL No. Time Verb Group Parameter State Component System Other Obj.  Action Respondent Content
1 0 Chooses Cognitive mode LRM

114




Modified Task Analysis Form for Waste Retrieval Manipulator System
Mission Phase: 3. Remove TWRMS ‘Equipment from SST
Sub-Function: 3.1.1. Remove LRM System from SS‘I;

Task: Manually remove LRM from tank 2
Purpose: Carry out manual removal Duration: 0
Cue: Removal mode selected
Description: After selecting manual removal mode, manually control the removal process
Comments:
- —
Means of
1 0 Positions Motor mode manual discrete —
control o
e e e e e s e . b . o . A e e e e i e e - q
2 0 Adjusts Motor rate cont inuous
control

3 OMonitors  Perceptual position

™




Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 3. Remove TWRMS Equipment from SST

Sub-Function: 3.1.2. Remove LRM System from SST

Task: Robotically remove LRM from tank - msw senc 2
Purpose: Carry out robotic removal Durstion: 0
Cue: Removal mode selected

Description: After selecting robotic removal mode, initiate and monitor the removal process

Comments:
e [ _
Means of
EL No. Time Verd Group Parameter State Component System OtherOb.  Action Respondent Content
1 0 Pushes Motor mode robotic LRM discrete —
control [
—— S N—— - - - m
2 0 Pushes Motor mode start robotic LRM discrete
routine control
3 0 Monitors Fe;ceptual 5§tion in-band LRM ) Trm ‘ ™
platform
4 0 Monitors Perceptual position in-band LRM  LRM world map
platform
S 0 Decides Cognitiver B posigignmw out-of- LRM h LRM )
band platform
6§ 0 Pushes Motor mode  stop  LRM LRM discrete
platform control
T7T7 7 0 cChooses  Cognitive mode  robotic LRM
or manual



P4 . i 4
Modified Task Analysis Form for Waste Retrieval Manipulator System
Mission Phase: 3. Remove TWRMS Equipment from SST
Sub-Function: 3.2. Remove Aux. CCTV System from SST
T& (:!mose reﬂDV’al mode (nanual or !";I”E—tgcr)—— - ’ - 7 w : 1
Pwrpose: Select a removal mode Durstion: 0
Cue: LRM removed

Description: After deciding that the aux. CCTV is ready for removal, decide whether to use manual or robotic removal mode.

Comments:
. _ e _
Meeans of
1 0 Chooses Cognitive mode aux. CCTV

6<1




Mission Phase: 3. Remove TWRMS Equipment from SST

Sub-Function: 3.2. Remove Aux. CCTV System from SST
Tasic Manually remove aux. CCTV from tank Sequence:
Purpose: Carry out manual removal Durstion: 0
Cue: Removal mode selected
Description: After selecting manual removal mode, manually control the removal process
Comments:
— - .
Meens of
1 0 Positions Motor mode manual aux. CCTV discrete
control
2 0 Adjusts Motor rate o aux. CCTV continuous
control
3 0 Monitors Perceptual position T Tawx. cov. W

0tl




-~ » » » » .
Modified Task Analysis Form for Waste Retrieval Manipulator System
Mission Phase: 3. Remove TWRMS Equipment from SST
Sub-Function: 3.2. Remove Aux. CCTV System from SST
Task: Robotically remove aux. CCTV from tank Sequence: 3
Purpose: Carry out robotic removal Duration: o]
Cue: Removal mode selected
Description: After selecting robotic removal mode, initiate and monitor the removal process
Comments:
e e .
Means of
EL No. Time Verd Group Parameter  Stale Component Sysiem Other Obj.  Action Respondent Contemt
1 0 Pushes Motor mode robotic aux. CCTV discrete
control
2 0 Pushes Motor mode start robotic  aux. ccrv. discrete
routine control
3 0 Monitors Perceptuél position. in-band  CCTV T aux. cov ™
platform
4 0 Monitors ~TP«erc:e'pt:t.zai ‘positiar'x " “in-band Tcerv aux. coTv world map
platform
5" 0 Decides ~ Cognitive position out-of-  CCTV aux. CCTV
band platform
7% 0 pushes  Motor ‘mode  stop “corv ‘aux. CCTV discrete
platform control
T3 OcChooses  Cognitive mode  robotic 7 aux. CCTV
or manual

1€l
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