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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 topdown 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 
(subfunctionr), and then further subdivided the secondary components into tertiary units (rash). 
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 gn>ups 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 
( T W I M S ) .  While the information contained in this document is tentative because the systems 
are still evolving, it provides a foundation for control mom design efforts. These efforts will 
support the design of a test bed control mom 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 controllen) to symbolic interaction (e.g., selecting actions from a computer menu), 
depending on the circumstances. In other words, the human operator's contribution wiU 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 repertoh by stepping through examples; (3)controlling: 
exercising cuntinuous manual 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 mom 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 staxting 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 p m s s  of dividing and subdividing the work 
into smaller yet sigruficant components. The TWRMS task analysis began by definin 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.2 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 contmls and displays necessary within each task. The task 
analysis method used was that developed for task analysis of nuclear power plant control rooms,3 
with some modifications to account for the special nquhements of remote handling systems. 
Section 3 describes the outcomes of the task analysis. 
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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 subfuncfions, the tertiary units are called 
tusks, 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 patterned after one 
developed by the Nuclear Regulatory Commission (NRC) for task analysis of nuclear 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 on 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 delines 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 
subfurmiom. 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 tenninutor, the event or condition that is the goal of the subfunction. The tertiary 
units are tasks. A task is a set of human behavion executed to fulfill a goaldirected strategy. The 
task sequence is a set of tasks canid 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 the waste retrieval end effector to function 

Pethaps 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 

Properly- 
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1. Insert 2. Remove 
TWRMS Waste 

"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. 

3. Remove 
TWRMS 

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 'IWRMS 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. 

2.2 FIRST MISSION PHASE: INSERT TWRMS EQUIPMENT 

During this phase of the mission, the crew takes the auxiliary closed-circuit television (Aux. 
C W )  system from an inactive (cold) state to operational readiness within an SST. At the start 
of the mission phase the T\KRMS gantry is in place over the tank and an access port has been 
prepared. At the end of the mission phase the Aux. CCTV 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 turn 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 
subfunc tion. 

2.2.1.1 Initiator 

TWRMS is in place over SST access port. 



r 

5. tnsert 6. Inspect 7. Develop 4. Activate 
CCTV CCTV Tank Cut Strategy __+ 

FLg. 2. Subfunctlons durlng the flrst mkslon phase. 

8. Activate 9. lnsert 
TWRMS TWRMS 
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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. 

2.2.13 Terminator 

Aux. TV system is ready for insemon. 

2.22 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. 

2.23.2 Task sequence 

1. Choose insertion mode (manual or robotic). 
2. Manually insert Aux. CCTV into tank. 
3. Initiate robotic Aux. CCTV insertion. 
4. Monitor robotic Aux. CcrrV insertion. 
5. Confirm that Aux. TV system is in place and functioning. 

2.2.23 Terminator 

Aux. TV system is in place and functioning. 

2.2.3 Inspect Tank Interior 

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

2.23.1 Initiator 

Aux. TV system is in place and functioning. 

2.23.2 Task sequence 

1. Inspect tank interior using Aux. TV. 
2. Record riser and ITH locations and descriptions. 
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Fig. 5. Task elements during the subfunction "Inspect Tank Interior." 

2.233 Terminator 

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

22.4 Develop Riser Cutting Strategy 

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

52. Choose 53. Record 
Riser Selection 

Fig. 6. Task elements durlng the subluncth "Develop Riser Cutting Strategy." 

2.2.4.1 Initiator 

Risen 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. 



10 

2.2.4.3 Terminator 

Riser cutting sequence is recorded. 

2.2.5 Activate TWRMS 

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

2.2.5.1 Initiator 

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

2.25.2 Task sequence 

1. Prepare to activate TWRMS. 
2. ActivateTWRMS. 
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 pmperly. 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 mund 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 

1. Choose TWRMS insertion mode (manual or robotic). 
2. Manually insert TWRMS into tank. 
3. Initiate robotic TWRMS insertion. 
4. Monitor robotic TWRMS insertion. 
5. Confirm that TWRMS is in place and functioning. 

2.2.63 Terminator 

TWRMS is in place in tank. 



11 



12 

T 



13 

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/lTH) indicates the itentive 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 
subhnction, and Figs. 11-14 illustrate the task elements within each task. Riser/lTW cutting may 
be teleoperated or automated, depending on the capabilities of the TWRMS. The most efficient 
scenario may be a combined teleoperatedlrobotic approach in which the TWRMS moves from 
workspace to workspace (Le., 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. 

23.1.1 Initiator 

TWRMS is operational in tank. 

23.1.2 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). 

23.13  Terminator 

RiseMl’H cut into manageable sections. 

23.2 Remove Cut-up RiserdXTH 

During this subfunction the sectioned risers and ITH that have fallen onto the waste surface 
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 entiE retrieval 
by teleoperation. 

2.3.2.1 Initiator 

RiseMiW are cut into manageable sections. 
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Fig. 9. Subfunctions during the second mlssion phase. 
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Flg. 14. Task elements during the task "95. Robotlc Cut." 
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Fig. 16. Task elements durlng the task "130. Exchange EE." 
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F i g .  17. Task elements during the task " 134. Map Surface." 
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185. 
ExchangeEE - 

2.3.2.2 Task sequence 

1. Exchange cutling end effector for gripper end effector (Fig. 16). 
2. Map waste surface (Fig. 17). 
3. Teach riser/ITH removal sequence (Fig. 18). 
4. Robotically remove riser/ITH sections (Fig. 19). 
5. Manually remove riser/ITH sections (Fig. 20). 

211. 
194. Map _j Determine 

Composition Surface 

2.3.2.3 Terminator 

RisersflTH are removed from the tank. 

A 

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. 

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

2.33.1 Initiator 

RisersDTH 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). 
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202. 214. Teach 
ExchangeEE -h Removal 

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

228. Robotic - Removal 

2.333 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 cestarted with riser cutting or 
continues to tank cleaning. Figure 25 illustrates the tasks within this subfunction, and Figs. 26- 
28 illustrate the task elements within each task. The subfunction may be completed using 
telmperation 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. 

Fig. 25. Tasks during the subfunction "Remove Waste Layer." 

23.4.1 Initiator 
Waste is mapped and characterized. 
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Fig. 27. Task elements during the task "214. Teach Removal." 



231. Monitor r a l  

I 1 

Flg. 28. Task elements during the task "228. Robotlc Removal." 
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23.4.2 Task sequence 

1. Exchange mapping end effector for waste removal end effector (see Fig. 26). 
2. Teach robotic removal sequence (see Fig. 27). 
3. Execute robotic removal (see Fig. 28). 

23.43 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 245. 254. Teach 286. Robotic 
Surface - ExchangeEE - Removal Removal 

.. 

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

235.1 Initiator 

Last layer of waste is removed. 

23.52 Task sequence 

1. Map tank surface (see Fig. 30). 
2. Exchange waste removal end effector for cleaning end effector (see Fig. 3 1). 
3. Teach robotic removal (see Fig. 32). 
4. Execute robotic removal (see Fig 33). 

23.53 Terminator 

Residual waste is removed. 



Flg. 30. Tusk elements during the task "214. Map Surface." 
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Flg. 31. Task elements during the task “245. Exchange EE.” 



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



Fig. 33. Task elements durlng the task "286. Robotic Removal." 
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280. Remove 
TWRMS 

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 

'Ihe first step in this phase is to remove the TWRMS from the tank. 

284. Remove 
CCTV 

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. 

2.4.13 Terminator 

TWRMS is out of the tank. 

Flg. 34. Subfunctions durlng the third mission phase. 

2.4.2 Remove Aux. CCTV System 

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

2.4.2.1 Initiator 

TWRMS is out of the tank. 

2.4.2.2 Task sequence 

1. Prepare for Aux. CcrV removal. 
2. Remove Aux. CCT'V from the tank. 

2.4.2.3 Terminator 

Aux. CCTV system is out of the tank. 



310. Monitor Tc;r 
308. Position 309 Push 31 1. Monitor 

Robotic 

304. Choose (7 
to 

I - 
312. Monitor L+( World Map) 
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I 
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Fig. 35. Task elements during the subfunctlon "280. Remove TWRMS." 
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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 opemor behavior according to a standard behavioral taxon~my,~ 
(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 elemnic 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 Micmft Access data base management 
pmgram, so the completed task analysis forms aie a task analysis data base for waste retrieval 
system operations. This method follows that developed by the NRC for nuclear power plant 
control moms3 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 conmls 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 earlier study* made a preliminary crew size decision and listed the functions that users 
must perfonn. 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 determining 
which functions operators perform during each task verifies the crew size decision made in ref. 2 
and provides a detailed function allocation for each cxew member. Table 4 is a list of tasks and 
the functions usea perform within each task and subfunction. 
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Modified Task Analysis Form for Waste Retrieval Manipulator System 
.. 

Mission Phase: 1. Insert TWRMS Equipment i 

Sut-Function: 1.2.2 Insert Aux. CCTV System into SST 

‘;ask: Robotically insert aux. CCTV into tank 

P,rrpose: Carry out robotic insertion 

cue: Insertion mode selected 

Descrlptlon: After seiectinq robotic insertion mode, initiate and monitor the insertion process 

__ - 
~ 

_ _  ___-- _ 
~ 

- ______ . 

2 Sequence: 
Duration: 0 

Cornrnunlcallon 
Means of 

El. No. Time Verb- Group Parameter State Component ~~ System Other 0bj:Actlon --Respondent Content 
1 0 Pushes Motor mode 

- .- _ _  
2 0 Pushes Motor mode 

~ ~- .-. -~ . _ _  
3 0 Monitors Perceptual position 

4 0 Monitors 
. ~. 

Perceptual position 

5 0 Detects 

- - _ ~ .  __ 
6 0 Pushes 

7 0 Chooses 

- 

Perceptual position 

Motor mode 

Cognitive mode 

robotic aux. CCTV 

~ _ _  _. 
start robotic aux. CCTV 

in-band. - -~ 
~~ ~ 

routine 

CCTV aux CCTV 
platform 

~ ~~ 

in-band CCTV aux. CCT; 
plat form 

discrete 
control 

discrete 
control 

TV 

- 
world map 

~ _-__ ~~ 

out-Of- CCTV aux. CCTV 
band platform 

stop CCTV aux. CCTV 
p 1 at form 

robotic CCTV aux. CCTV 
or manual platform 

--. ~ -- 

~ - _  

discrete 
control 

P 
0 

Fig. 37. Typical completed task analysis form. 



41 

- m
 

=I 
C
 

cd 
E 8 

€4 
a, 
0
 

Y
 

3 

E 8
 R
 

v1 

u u 



Table 1. (continued) 
Component/ 

Subfunction Systedverb parameter State Means of action 

1.3 Inspect Tank Interior 

1.4 Develop Riser Cutting Strategy 

1.5 Activate TWRMS 

Chooses Mode 
Pushes Mode 
Monitors Position in-band 
Monitors Position in-band 
Detects Position out-of-band 
Aux. CCTV Robotic routine 
Pushes Mode 

Aux. CCTV 
Pushes Mode 
Tank RisersnTH 

Records Position and status 
Aux. CCTV TV camera 
Adjusts Position 

Inspects Tv 

R i s e d T H  
Chooses cut order 
Records Cut order 

Inspects 
Inspects 
Informs 
Decides 
Receives 
Requests 
Decides 
TWRMS 
Decides 
Monitors 
Positions 
TWRMS 

Readiness 

Mode 
Mode 
Readiness 
Readiness 

Control computers 

Output signal 
Power 
Electrical power 

Robotic or manual 
stop Discrete control 

TV 
World map 

Start Discrete control 

Robotic or manual Disc ret e control 

Operations Log 

Continuous control 

Operations Log 
Operations Img 

Vi sua1 
T V  

Activation Verbal communication 
Operable Computer 
Verbal communication 
Verbal cornrnunication 
Readiness full 

Mode 
In-band 
On 

Operable 
CRT 
Discrete control 

P 
h) 



Table 1. (continued) 
Component/ 

Subfunction Systemherb parameter State Means of action 

1.6 Insert TWRMS into SST 

1.6.1 Insert TWRMS Into SST 

1.6.2 Insert TWRMS into SST 

Positions 
TWRMS 
Monitors 
Positions 
TWRMS 
Adjusts 

TWRMS 
Chooses 

TWRMS 
Positions 
Monitors 
Adjusts 

TWRMS 
Decides . 
Chooses 
Pushes 
Pushes 
Chooses 
TWRMS 
Pushes 
Monitors 
Monitors 
Monitors 
Decides 
TWRMS 
Decides 

Power 
TWRMS remotes 
Output signal 
Power 
Manipulator 
Position 

Mode 

Mode 
Position 
Rate 

Mode 
Mode 
Mode 
Mode 
Mode 
TWRMS platform 
Mode 
Position in-band 
Position in-band 
Position in-band 
Position out-of-band 
Robotic routine 

On 

In-band 
On 

Manual 

Discrete control 

CRT 
Discrete control 

Continuous control 

Discrete control 
TV 
Continuous control 

Operable or inoperable 
P1 ay bac k Discrete control 
Playback Discrete control 
Robotic Discrete control 
Robotic or manual 

stop Discrete control 
World map 
TV 
World map 

Mode Operable 
Pushes Mode Start Discrete control 



Table 2. User actions. disolavs. and controls during the second mission Dhase 

Subfunction 

~~~~~ 

Component7 
Svstedverb Darameter State Means of action 

2.1 Cut RiserdITH 
Computer map 
Remembers 
Remembers 
Inspects 
Pushes 
Pushes 
World map 
Monitors 
Pushes 
Pushes 
Monitors 
Adjusts 
Monitors 
Monitors 
Adjusts 
Pushes 
Computer map 
Monitors 
Pushes 
World map 
Monitors 
Monitors 
Adjusts 
Adjusts 
World map 
Decides 
Pushes 
Monitors 
Pushes 
Decides 
Pushes 
Monitors 

Sequence 
Sequence 

Mode 
Mode 
Cutting EE 
Cutting 
Mode 
Mode 
Position 
Position 
Position 
Position 
Position 
Mode 
Data collection 
Mode 
Mode 
TWRMS 
Position 
Position 
Position 
Position 
Playback 
Mode 
Mode 
Mode 
Mode 
Mode 
Mode 
Mode 

Enable 
Enable 

In-band 
Start 
stop 

Start 

Operable 
Start 

Operable 
Enable 
Operable 
Override 
Override 
Start 
Operable 

Operations Log 
Operations Log 
CRT 
Discrete control 
Discrete control 

TV 
Discrete control 
Discrete control 
TV 
Continuous conrrol 
World ninp 
CRT 
Continuous control 
Discrete control 

CRT 
Discrete control 

CRT 
CRT 
Continuous control 
Continuous control 

Discrete control 
TV 
Discrete control 

Discrete control 
CRT 



Table 2. (continued) 
Component/ 

Sub function Systemherb parameter State Means of action 

Monitors 
Pushes 
Decides 
Pushes 
Pushes 
World map 
Pushes 
Pushes 

2.2 Remove Cut-up RiserfiTH Sections 
TWRMS 
Remembers 
Rememhrs 
Inspects 
Pushes 
Pushes 
Monitors 
Computer map 
Monitors 
Pushes 
TWRMS 
Inspects 
Pushes 
Pushes 
World map 
Monitors 
Pushes 
Pushes 
Monitors 
Monitors 
Adjusts 
Adjusts 
Monitors 
Pushes 

Mode 
Mode 
Mode 
Mode 
Mode 
Teach 
Mode 
Mode 

Sequence 
Sequence 

Mode 
Mode 
Position 
Data collection 
Mode 
Mode 
End effector 
TV 
Gripper 
Mode 
Gripper EE 
Gripper EE 
Mode 
Mode 
Position 
Posit ion 
Position 
Position 
Position 
Mode 

Operable 
Override 
Override 
Start 
Start 

start 
stop 

Enable 
Enable 
In-band 

Operable 
Start 

Discrete control 
start 

In-band 
Start 
stop 

Start 

CRT 
Discrete control 

Discrete control 
Discrete control 

Discrete control 
Discrete control 

Operations Log 
Operations Log 
CRT 
Discrete control 
Discrete control 
TV 

CRT 
Discrete control 

Discrete control 

TV 
Discrete control 
Discrete control 
TV 
World map 
Continuous control 
Continuous control 
CKT 
Discrete control 



Table 2. (continued) 
Component/ 

Means of action Subfunction Systemherb parameter State 
World map TWRMS 
Adjusts 
Adjusts 
Monitors 
Monitors 
Monitors 
World map 
Decides 
Pushes 
Monitors 
Pushes 
Decides 
Pushes 
Monitors 
Monitors 
Pushes 
Decides 
Pushes 
Pushes 
World map 
Pushes 
Pushes 

2.3 Characterize Waste 
TWRMS 
Inspects 
Monitors 
Computer map 
Monitors 
Pushes 
TWRMS 
Inspects 
Pushes 
Pushes 

Position 
Position 
Position 
Position 
Position in-band 
Play back 

Mode 
Mode 
Mode 

Mode 
Mode 
Mode 
Mode 

Mode 
Mode 
Teach 
Mode 
Mode 

CRT 
Position in-band 
Data collection 
Mode 
Mode 
End effector 
TV 
Subsurface mapping 
Mode 

Playback 
Mode 
Enable 
Operable 
Override 
Mode 
Start 
Operable 
Operable 
Override 
Mode 
Start 
Start 
Teach 
Start 
Stop 

TV 

Operable 
start 

Start 

Continuous control 
Continuous control 
CRT 
CRT 
CRT 
Playback 
Operable 
Discrete control 
TV 
Discrete control 
Override 
Discrete control 
CRT 
CRT 
Discrete control 
Override 
Discrete control 
Discrete control 
Teach 
Discrete control 
Discrete control 

CRT 
Discrete control 

Discrete control 
Discrete control 

P 
m 



Table 2. (continued) 
Component/ 

Sub function Systemherb parameter State Means of action 
World map TWRMS 

2.4 Remove Waste Layer 

Monitors 
Decides 
Records 

TWRMS 
Remembers 
Remembers 
Pushes 
Pushes 
Monitors 
TWRMS 
Decides 
Inspects 
Pushes 
Pushes 
World map 
Adjusts 
Adjusts 
Monitors 
Monitors 
Monitors 
World map 
Decides 
Pushes 
Monitors 
Pushes 
Decides 
Pushes 
Monitors 
Monitors 
Pushes 
Decides 

Position 
Composition etc. 
Composition etc. 

Sequence 
Sequence 
Mode 
Mode 
Position 
End-effector 

Subsurface mapping 
Mode 
TWRMS 
Position 
Position 
Position 
Position 
Position in-band 
Playback 

Mode 
Mode 
Mode 

Mode 
Mode 
Mode 
Mode 

In-band CRT 

Operations Log 

Enable 
Enable 
In-band 

Operations Log 
Operations Log 
Discrete control 
Discrete control 
TV 

TV 
Discrete control 
Start Discrete control 

Playback 
Mode 
Enable 
Operable 
Override 
Mode 
Start 
Operable 
Operable 
Override 
Mode 

Continuous control 
Continuous control 
CRT 
CRT 
CRT 
Playback 
Operable 
Discrete control 
TV 
Discrete control 
Override 
Discrete control 
CRT 
CRT 
Discrete control 
Override 

P 
4 



Table 2. (continued) 
Component/ 

Subfunction Systemherb parameter State Means of action 
Start Discrete control Pushes Mode 

2.5 Remove Residual Waste 

Pushes 
World map 
Pushes 
Pushes 
World map 
Monitors 
Pushes 
Pushes 
Adjusts 
Monitors 
Monitors 
Adjusts 
Monitors 
Pushes 

TWRMS 
Records 
Inspects 
Remembers 
Remembers 
Pushes 
Pushes 
Monitors 
TWRMS 
Inspects 
Pushes 
Pushes 
World map 
Adjusts 
Monitors 
Adjusts 
Monitors 

Mode 
Teach 
Mode 
Mode 
Waste removal EE 
Gripper EE in-band 
Mode 
Mode 
Position 
Position 
Position 
Position 
Position 
Mode 

Operations Log 
TV 
Sequence 
Sequence 
Mode 
Mode 
Position in-band 
End effector 
TV 
Subsurface mapping 
Mode 
TWRMS 
Position 
Position 
Position 
Position 

st:lrt Discrete control 
Teach Teach 
start Discrete control 
stop Discrete control 

TV 
start 
Stop 

Start 

Enable 
Enable 
TV 

Discrete control 
Discrete control 
Continuous control 
CRT 
TV 
Continuous control 
World map 
Discrete control 

Operations Log 
Operations Log 
Discrete control 
Discrete control 

Discrete control 
Start Discrete control 

Continuous control 
CRT 
Continuous control 
CRT 

P 
00 



Table 2. (continued) 
Component/ 

Subfunction Systemherb parameter State Means of action 
In-band CRT Monitors 

World map 
Decides 
Pushes 
Monitors 
Decides 
Pushes 
Pushes 
Monitors 
Monitors 
Decides 
Pushes 
Pushes 
Pushes 
World map 
Monitors 
Pushes 
Pus ties 
Adjusts 
Monitors 
Monitors 
Adjusts 
Monitors 
Pushes 
World map 
Pushes 

Position 
Play back 

Mode 
Mode 

Mode 
Mode 
Mode 
Mode 

Mode 
Mode 
Mode 
Tank cleaning EE 
Cleaning EE 
Mode 
Mode 
Position 
Position 
Position 
Position 
Position 
Mode 
Teach 
Mode 

Playback 
Mode 
Enable 
Operable 
Mode 
Override 
Start 
Operable 
Operable 
Mode 
Override 
Start 
Start 

In-band 
Start 
stop 

Start 
Teach 
Start 

Playback 
Operable 
Discrete control 
TV 
Override 
Discrete control 
Discrete control 
CRT 
CRT 
Override 
Discrete control 
Discrete control 
Discrete control 

TV 
Discrete control 
Discrete control 
Continuous control 
TV 
World map 
Continuous control 
CRT 
Discrete control 
Teach 
Discrete control 

Pushes Mode stop Discrete control 



Table 3. User actions, controls, and displays during the third mission phase 
~~ ~ 

Component/ 
Sub function Systemherb parameter State Means of action 

3.1 Remove TWRMS from SST 

3.1.1 Remove TWRMS from SST 

3.1.2 Remove TWRMS from SST 

3.2 Remove Aux. CCTV System from SST 

TWRMS 
Chooses 

TWRMS 
Positions 
Monitors 
Adjusts 

TWRMS 
Pushes 
Chooses 
TWRMS 
Pushes 
Monitors 
Monitors 
Decides 
TWRMS 
Pushes 

Aux. CCTV 
Chooses 
Positions 
Pushes 
Chooses 
Monitors 
Adjusts 
Aux. CCTV 
Pushes 
Monitors 
Monitors 
Decides 
Aux. CCTV 

Mode 

Mode 
Position 
Rate 

Mode 
Mode 
TWRMS platform 
Mode 
Position in-band 
Position in-band 
Position out-of-band 
Robotic routine 
Mode 

Mode 
Mode 
Mode 
Mode 
Position 
Rate 
CCTV platform 
Mode 
Position in-band 
Position in-band 
Position out-of-band 
Robotic routine 

Manual Discrete control 
TV 
Continuous control 

Robotic Discrete control 
Robotic or nianual 

Stop Discrete control 
World map 
Tv 

Start Discrete control 

Manual Discrete control 
Discrete control Robotic 

Robotic or manual 
TV 
Continuous control 

Stop Discrete control 
World map 
TV 

cn 
0 

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. CCTV activation 
Chief 

Monitor 

Activate Aux. CCTV system 
Chief 

Monitor 
Verify Am. CCTV functioning 
Chief 

Monitor 
13.1 Insert Aux. CCTV System into SST 
ManuaUg insert A m  CCTV into tank 
Chief 

Monitor 

RoboticalIy insert Aux. CCTV into tank 
Chief 

Monitor 

13. Inspect Tank Interior 
inspect tank interior using A w .  CCTV 
Chief 

Monitor system status 
Restart system 
Monitor system sratus 
Communicate with outside 

Monitor system s w s  
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 mote 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 
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Table 4. (continued) 

Monitor 

1.4. Develop Riser Cutting Strategy 
Develop and record riser cutting sequence 
Monitor 
15. 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 Rkrsl lTH 
Map waste surface 
Chief Monitor system staws 

Engage acoustic proximity sensor-based sluface 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 

Teach riser cutting sequence 
Chief 

Monitor 
Robotically cut riserdITH 
chief 

Monitor 

Visually monitor manipulator position 
Visually monitor playback on world model 
Engage automatic playback 
Engage semiautomatic playback 
Engage step-through playback 
Engage teaching 
Manually conml end effector using position control 
Manually control end effector using rate control 
Manually make teaching inputs 
Maintain operations log 

Aurally monitor remote suunds 
Monitor end-effector sensor data 
Monitor manipulator forces 
Monitor manipulator sensor data 
Visually monitor endeffector operations on video 
Visualty monitor end-effector trajectories on video 
Visually monitor manipulator position on world model 
Detect watchdog action 
Monitor system stam 
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 
ROU camefa 
Select camera 
Tilt camera 
Zoomcamera 
Aurally monitor remote sounds 
Mcniitor collision avoidance system 
Monitor manipulator forces 
Monitor end-effector sensor data 
Monitor manipulator sensor data 
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Table 4. (continued) 
Visually monitor end-effector operations on video 
Visually monitor end-effector uajectories on video 
Visually monitor manipulator position on world model 
Maintain operations log 

Manually cut risers 
Chief 

Monitor 

2.2 Remove Cut-up RiserATH SectiOns 
Exchange cutting end effector for gripper 
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 s t e m  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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Monitor 

Table 4. (continued) 
Engage end-effector trackmg 
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 

Map waste surface 
Chief 

Monitor 

Teach riser removal sequence 
Chief 

Monitor 
Robotically remove risets/ITH 
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 system status 
Maintain operations log 

Visually monitor manipulator position on world model 
Visually monitor playback on world model 
Engage automatic playback 
Engage semiautomatic playback 
Engage step-tfuough playback 
Engage teaching 
Manually control end effector using position control 
Manually control end effector using rate control 
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 endeffector 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 

Monitor 

Manually remove risers 
Chief 

Monitor 

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 s t e m  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 
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Table 4. (continued) 
Maintain operations log 

2.3 Characterize Waste 
Exchange gripper for mapping end effector 
Chief 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 
Vily monitor endeffector operations on video 
Vily monitor end-effector trajectories on video 
Visually monitor manipulator position on world model 
Mainrain operations log 

Monitor 

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 surEace mapping 
Ensage structured light-based s d c e  mapping 

Maintain operations log 
Monitor Monitor system status 

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

Monitor 

Teach waste removal sequence 
Chief 

Monitor 
Robotically remove waste 
Chief 

Manually control end effector using rate conml 
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 control 
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 endeffector 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 stem Cameras 
Disengage endeffector tracking 
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Monitor 

Table 4. (continued) 
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 Jog 

Manually remove waste 
Chief 

Monitor 

A d f y  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 
D i n g a g e  end-effector m k i n g  
Engage end-effector tracking 
iris camera 
Pan camera 
Roll camera 
Select camera 
Tilt camera 
Zoomcamera 
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 endeffector trajectories on video 
Visually monitor manipulator position on world model 
Maintain oprations log 

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



Table 4. (continued) 
Chief Monitor collision avoidance system 

Monitor endeffector 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 endeffector 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 

Teach tank cleaning sequence 
Chief 

Monitor 
Robotically remove residual waste 
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 
Maintain operations log 

Aurally monitor remote sounds 
Monitor collision avoidance system 
Monitor endeffector sensor data 
Monitor manipulator forces 
Monitor manipulator sensor data 
Visually monitor end-effector operations on video 
Visually monitor endeffector trajectories on video 
Visually monitor manipulator position on world model 
Detect watchdog action 
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Table 4. (continued) 
Monitor system status 
Eingnge automatic playback 
Engage semiautomatic playback 
Engage sensor-based obstacle avoidance 
Engage step-through playback 
Engage end effector 
Converge stem cameras 
Disengage end-effector tracking 
Engage end-effector tracking 
Iris camera 
Pan camera 
Roll carnefa 
Select camera 
Tilt camera 
zoomcamera 
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 

Monitor 

Manually remove residua1 waste 
Chief 

Monitor 

Aurally monitor remote sounds 
Monitor collision avoidance system 
Monitor end-effector sensor data 
Monitor manipulator forces 
Monitor manipulator sensor data 
Visually monitor endeffector operations on video 
Visually monitor end-effector mjectories on video 
Visually monitor manipulator position on world model 
Detect watchdog action 
Monitor system status 
Engage sensor-based obstacle avoidance 
Engage end effector 
Converge stem cameras 
Disengage endeffector tracking 
Engage endeffector tracking 
Iris camm 
Pan camera 
Roll camera 
Select camera 
Tilt camera 
Zoom camera 
Aurally monitor remote sounds 
Monitor collision avoidance system 
Monitor manipulator forces 
Monitor end-effector seam data 
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Table 4. (continued) 

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 

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

Monitor 

32. Remove Am. CCTV System from SST 
Manually remove Aux CCTV from tank 
Chief 

Monitor 

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 

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

Monitor 
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3.23 Panel Groups 

A panel group, the fundamental building block of a control m m  concept, is a set of 
displays or controls that must be simultaneously available for an operator to successfidly 
complete a task. Panel groups should not be conhsed with controVdisplay 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 controVdisplay panels must include; conmVdisplay panels are then designed 
to meet these requirements efficiently and integrated into workstations that meet the operator's 
needs during the campaign. 

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

3.23.1 TWRMS chief 

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

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 
6. World map 
7. End-effector outputs 

Control groups 1. Power (startup) 
2. Camera controls 
3. Auxiliary CCTV system maneuvering 
4. Manipulator inputs 
5. TWRMS platform maneuvering 
6.  Remote mapping 
7. Virtual maneuvering 
8. End-effector inputs 
9. Robotic operations 
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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 maneuvering and LRM platform maneuvering 
will likely require some identical controls and may be combined into one panel, which may be 
called the platform maneuvering panel. For another example, end-effector inputs will likely be 
limited to tuming the end effector on or off. This control may be integrated into another panel, 
perhaps manipulator inputs. There ~IE also natural couplings between some displays and 
controls: (1) The remote viewing display panel will be manipulated by the camera control panel. 
(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 'IWRMS 
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 

Control groups 

2. Remote viewing 
3. Remote sound 
4. Collision avoidance 
5.  Manipulator outputs 
6. World map 
7. End-effector outputs 

1. Power (startup) 
2. Camera controls 
3. Platform maneuvering 
4. Manipulator and end-effector inputs 

5 .  Remote mapping 
6. Vimal maneuvering 
7. Robtic operations 

Returning to the task analysis. we can identify for each task the display and umml 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 

function analyses, 16 panel gmps  may be identified for lhe " W R M S  monitor (see Table 10). 
A similar process can be used to identifj, panels for the TWRMS monitor. From the task and 



Table 7. Panel groups for the TWRMS chief during each task in the first mission phase 

hfmnty dlsplny Primary control Secondary display Secondary control Tertiary display Tertliary mntrol 
Mission Phase 1 Subhnctlon Task panel panel panel panel panel panel 

I. Insert WnRMS 1.1 Activate Aux. 
CCTV system 

F'repm for Aux. 
C W  activation 

None None None None None 

None 

None 

None 

Remote sound panel 

Remote sound panel 

Remote sound panel 

None 

None 

None 

System status panel 

None 

Remote sound panel 

Remote sound panel 

None 
equipment into 
SST 

I .  Insen WaRMS 
uipment into 8T 

1 .I Activate Aux. 
CLTV system 

Activate Aux. C c l l r  
system 

System status panel Power panel None None None 

1. Insen WaRMS 
equipment into 
SST 

1.1 Activate Aux. 
C W  system 

Verify Aux. Cc l l r  
functioning 

Remote viewing 
panel 

Camera control panel System status panel Power panel None 

I. Insert WaRMS 
equipment into 
SST 

1. Insen WaRMS 
equipment into 
ssr 

I .  Insert WaRMS 
a&pjP'nent into 

1.  lnsen WaRMS 
equipment into 
ssr 

1. Insen WaRMS 
equlprnent into 
SST 

1 .  lnsen WaRMS 
equipment into 
SST 

1. Insen WaRMS 
equipment into 
ssr 

1. Insert WaRMS 
u&pment into 

I .  lnsen WaRMS 
equipment into 
SST 

1. Insert WaRMS 
equipment into 
SST 

1. Insen WaRMS 
equipment into 
ssr 

1.2 Insert Aux. 
CCTV system 
into SST 

Choose insertion 
mode (manual or 
robotic) 

Manually insen Aux. 
Ccrv into tank 

None None None None None 

1.2.1 Insert Aux. 
C c l y  system 
into SST 

1.2.2 lnsen Aux. 
C c l y  system 
into SST 

Remote viewing 
Panel 

Platform maneuver- System status panel 
ing panel 

Power panel Ncrne 

Platform m:ineuver- 
ing panrl 

Robotically insert 
Aux. CCrV into 
tank 

Inspect tank interior 
using Aux. CcrV 

Remote viewing 
Panel 

Robotic operations System status panel 
panel 

Power panel 

Remote viewing 
panel 

Camera control panel System status panel Platform maneuver- 
ing panel 

Rohotic oper:ition? 
panel 

3 Inspect tank in- 
terior cn cn 

4 Develop riser 
cutting strategy 

Lkvelop and record 
riser cutting 
sequence 

PRpare for LRM 
activation 

None None None None None 

5 Activate LRM 
system 

Nom None None None None 

5 Activate LRM 
system 

Activate LRM 
system 

System status panel Power panel None None None 

5 Activate LRh4 
system 

Verify LRh4 
functioning 

Remote viewing 
panel 

Manipulator and end- Manipulator outputs 
effector inputs panel 
panel 

None None 

Platform maneuver- 
ing panel 

Power panel 

Choose insertion 
mode (manual or 
robotic) 

LRM into tank 
Manually insert 

None None None 6 Insert LRM sys- 
tem into SST 

1.6.1 Insen LRhf 
system into SST 

Remote viewing 
panel 

Platform maneuver- System status panel 
ing panel 

Power panei None 

Robotic operations System s t a t u s  panel 
panel 

Power panel 1.6.2 Insert LRM 
system into SST 

Robotically insert 
LRM into tank 

Remote viewing 
panel 

Platform maneuver- 
ing  panel 



Table 8. Panel ErouDs for the TWRMS chief during each task in the second mission Dhase 

Primary display Prlmary control Secondary display Secondary control Tertiary display Tertiary conlrnl 
Mlsslon Phase 2 Subfunction Task panel panel panel panel panel panel 

2 Remove waste 

2 Remove waste 

layers 

layers 

2. Remove waste 
layers 

2. Remove waste 
layers 

2. Remove waste 
layers 

2. Remove waste 
layers 

2 Remove waste 
layers 

2. Remove waste 
layers 

2. Remove wash 
layers 

2. Remove waste 
layers 

2 Remove waste 

2 Remove waste 

2. Remove waste 

layers 

layers 

layers 

2 Remove waste 
layers 

2. Remove waste 
layers 

2 Remove waste 
layers 

2 Remove waste 
layers 

2 Remove waste 
layers 

2.1 Cut risersltTH Map waste surface 

Teach riser cutting 
sequence 

Robotically CUI 
risers/tTH 

Manually cut riters 

WwM map panel 

World map panel 

Camera control panel 

Camera control panel 

Remote viewing 

None 

panel 
None Remote mapping 

Virtu01 maneuvering 
Pane1 

Panel 

Panel 

Manipulator and end- 
effector inputs 
panel 

panel 

Robotic operations 

Robotic operations 

Remote mapping 
panel 

Panel 

panel 

Virtual maneuvering 

Robotic operations 

Manipulator and end- 
effector inputs 
panel 

panel 
Robotic Operations 

Remote mapping 

Remote mapping 

Robotic operations 

panel 

panel 

panel 

Virtual maneuvering 
panel 

Robotic nperations 
panel 

Mani lator and end. 
et+Cctor inputs 
panel 

panel 
Robotic operations 

Virtual maneuvering 
panel 

System status panel 

Remote viewing 
P a l  

Wwld map panel 

2.1 Cut risersATH M;tnipul;itor and PIKI 
effcctor inputs 
p:inel 

Manipulator outputs 
pmel 

None 

2.1 Cut riserJIlTH Remote sound panel Remote viewing Manipulator and end- 
effector inputs 
panel 

panel 
Camera controls 

Manipulator and end- 
effector inputs 

Camera control p.ine1 
panel 

2.1 c u t  r i s e r m  Remote viewing 
P a l  

Panel 
Remote viewing 

World map panel 

Manipulator outputs 
Panel 

World mep panel 

Remote sound panel 

2.2 Remove cut-up 
riser/lTH 
sections 

Exchange cutting 
end-effector for 
gripper 

Map waste surface 

End-effector outputs 
panel 

Remote viewing 
pancl 

None 

None 

2.2 Remove cut-up 
riserlITH 

System status panel None 

sections 
2.2 Remove cut-up 

riser/lTH 
sections 

2.2 Remove cut-up 
riserilTH 
sections 

2.2 Remove cut-up 
riserflTH 
sections 

2.3 Characterize 
waste 

2.3 Characterize 
waste 

2.3 Characterize 
waste 

2.4 Remove waste 
layer 

2.4 Remove waste 
layer 

2.4 Remove waste 
layer 

2.4 Remove w s t e  
layer 

2.5 Remove residual 
waste 

2.5 Reniove midual 
waste 

Teach nter removal 
sequence 

Robotcally remove 
nsersllTH 

Manually remobe 
nsers 

Exchange gripper for 
mapping end 
effector 

hlap waste wrface 

Deterrmne waste 
composiuon 

Exchange mdpping 
EE for waste 
removal EE 

Teach waqte removal 
sequence 

R o h c a l l y  remove 
waste 

World map panel Remote viewing 
panel 

World map panel 

Camera control panel 

Remote viewing Manipulator and end- 
effector inputs 
panel 

panel 
Camera controls 

Manipulator and end- 
effector inputs 
panel 

Camera control panel 

Camera control panel 

Manipulator and end- 
effector inputs 
pariel 

Camera control panel 

Remote sound panel 

Remote viewing 
panel 

Remote viewing 
panel 

World map panel 

End-effector outputs 

Remote viewing 
panel 

panel 

World map panel 

Manipulator outputs 
panel 

World map panel 

Remote sound panel 

End-effector outputs 
panel 

Remote viewing 

System status panel 

End-effector output, 

pawl 

penel 

None 

None 

System status panel 

Remote viewing 

World map panel 

panel 

None 

None 

None 

Remote viewing 
Panel 

World map panel 

Manipul;itnr and enil- 
effector inputs 
panel 

Manipulator outputs 
p m i  

None 

Remote viewing Manipulator and end. 
effector input? 
panel 

panel 

Mani uldtor and end- 
e&ectir inputs 
panel 

Camera control panel 

Camera  control^ 

Renlore sound panel 

Manipulator outputs 
Panel 

World map panel 

Manually remove 
waste 

Remote viewing 
panel 

Remote viewing 
panel 

World map panel 

Remote sound panel 

End-effector outputc 
panel 

NOW 

None Exchange waste 
removal EE for 
cleaning EE 

Teach tank cleaning 
sequence 

Remote viewing 
panel 



Table 8. (continued) 

Primary display Primary control Secondary display Secondary control Tertiary display ‘Tertiary control 
Mission Phase 2 Subfunction Tusk panel panel panel panel panel pnnd 

2. Remove waste 2.5 Remove residual Robotically remove Remote viewing Robotic operations World map panel Manipulator and end- Remote sound panel M;inipul;itor olltpiilq 
layers waste residual waste panel effector inputs pmel 

panel 

layers waste residual waste panel effector inputs panel panel 
2. Remove waste 2.5 Remove residual Manually remove Remote viewing Manipulator and end- M<mipuiator outputs Camera controls Remote sound panel None 

panel 
2. Remove waste 2.5 Remove residual Inspect tank interior Remote viewing Camera conml panel System status panel Platform Remote sound panel Robotic operations 

layers waste panel maneuvering panel piinel 



Table 9. Panel erows for the TWRMS chief during each task in the third mission Dhase 
~ 

Prlrnary display Primary control Secondary dkplay Secondary control Tertiary display Tertiary coritrol 
Misdon Phax 3 Subfunction Task uanel oanel oanel oanel panel panel 

3. Remove WnRMS 
gutpment from 

3. Remove WaRMS 

gpment 
%Pent from 

3. Remove WaRMS 

3. Remove WaRMS 
g y p m e n t  from 

3. Remove WaRMS 
equipment from 
SST 

3. Remove WaRMS 

3- from 

3.1 Remove LRM 
system from 
SST 

system from 
SST 

system from 
SST 

3.2 Remove Aux. 
CCTV system 
from SST 

CCW system 
from SST 

C C N  system 
from SST 

3.1.1 Remove LRM 

3.1.2 Remove LRM 

3 2 Remove hux.  

3 2 Remove Aux 

Choose removal 
mode (manual or 
robotic) 

LRhl from tank 

Robotically remove 
LRM from tank 

Manually remove 

choose removal 
mode (manual or 
robotic) 

Manually remove 
Aux. CcrV from 
uvlk 

Aux. cflv fmm 
tnnk 

Robotically rrmove 

None 

Remote viewing 
panel 

Pam’ 
Remote viewing 

None 

Remote viewing 
Pam1 

Remote viewing 
panel 

~~ 

None 

Platform maneuver- 
ing panel 

Robotic operations 
panel 

None 

Platform maneuver- 
ing panel 

Robotic operations 
panel 

Nom 

System status panel 

System status panel 

None 

System status pwel 

System status panel 

None None Now 

Power panel Remote sound panel None 

Remote sound panel Platform nxiiieuver- Power panel 
ing p;inel 

None None None 

Power panel Remotr wutid panel None 

Power panel Remote sound panel Plntlorm iiianeuver- 
ing panel 
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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 me Panel description 

Display groups 1. System status 

Control groups 

2. Remote viewing 
3. Remote sound 
4. Collision avoidance 
5.  Manipulator outputs 
6. World map 
7. End-effector outputs 

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



Table 12. Panel groups for the TWRMS monitor during each task in the first mission phase 
~~ ~ 

Prlmary display Primary control Secondary display Secondary control Tertlary display Tertlory contnrl 
M k i o n  phase Sobfunction Task pawl panel panel panel panet p a n 4  

1 Insert WaRMS 

xpmnt into 
1 Insert WaRMS 

egupment into 

1 Insert WaRMS 
equipment into 
SST 

1 Insert WaRMS 
eqmpment into 
SST 

I InsertWaRMS 

%pent Into 

1 Insert WaRh4S 
eqmpment into 
SST 

I Insert WaRMS 

%;pnt Into 

gpment Into 

1 Insert WnRMS 

t Insert WaRhfS 
eqlupment into 
SST 

1 h e n  WaRMS 
eqlupment into 
SST 

1 Insert WaRMS 

8?pmnt Inlo 

i Insert WaRMS 
eqmpment into 
S S T  

1 tnsert WaRhiS 

%;pmnl Into 

I Insert WaRMS 
ecppment into 
SST 

1 1 Activwe Aux. 
CCT'V system 

1.1 Activate Aux. 
C W  system 

1.1 Activate Aux. 
CCW system 

1.2 Inscn Aux. 
C c I l l  system 
into SST 

2.1 Insert Aux. 
CCTV system 
into SST 

2.2 bsen Aux. 
CCTV system 
into SST 

3 Inspect tank in- 
terior 

4 Develop riser 
cutting strategy 

S Activate LRM 
system 

1.5 Activate LRh4 
system 

1 5 Activate LRM 
system 

1.6 Insert LRM sys- 
tem into SST 

1.6.1 InsenLRhi 
system into SST 

1.6.2 Insen LRM 
system into SST 

Prepare for Aux. 
C c r V  activation 

Activate Aux. CCTV 
system 

Vetify Aux. CCTV 
functioning 

None 

System 5tatu1 panel 

Remote viewing 
P a l  

Choose insenion 
mode (manual or 
robotic) 

Manudly insen Aux. 
CCTV into tank 

Robtically inscn 
Aux. CCT'V into 
tank 

Inspect tank interior 
using Am. C W  

Develop and record 
riser cutting se- 
quence 

Prepare for LRM ac- 
tivation 

Activate LRM system 

Verify LRM func. 
tioning 

Choose insenion 
mode (manual or 
robotic) 

into tank 
Manually insert LRM 

Robotically i n m i  
LRM into tank 

None 

Remote viewing 
Panel 

Remote viewing 
P a 1  

Remote viewing 
P a 1  

Remote viewing 
panel 

None 

System Status panel 

Remote viewing 
Panel 

None 

Remote viewing 
panel 

Remote viewing 
Panel 

None 

Communicauoo 
panel 

Power panel 

operations Log 

Camera conml panel 

Camera control pilnel 

Camera control panel 

Opcrauonx log 

None 

Communication 
panel 

Power panel 

qKrations log 

Camera control panel 

Camera control panel 

None 

None 

System status panel 

None 

Syttem status panel 

System status panel 

System status panel 

None 

None 

None 

System status panel 

None 

System status panel 

System status panel 

None 

Operations log 

Operations log 

None 

None 

None 

None 

None 

None 

Operations log 

Operations log 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 



Table 13. Panel groups for the TWRMS monitor during each task in the second mission phase 
~~ ~~~ 

Primary display Primary control Secondary dlsplay Secondary control Trrtiary display Tertiary mnlrol 
Mission phase Suhfunctlon Task panel panel panel panel panel panel 

2. Remove waste 

2. Remove waste 

2. Remove waste 

2. Remove waste 

2. Remove waste 

layers 

layers 

layers 

layers 

layers 

2. Remove waste 
layers 

2. Remove waste 
layers 

2. Remove wasu 
layers 

2. Remove waste 
layers 

2. Remove waste 
layers 

2. Remove waste 

2. Remove waste 

2. Remove wask 

layers 

layers 

layers 

2. Remove waste 

2. Remove waste 

2. Remove waste 

2. Remove waste 

layers 

layers 

layers 

layers 

2. Remove waste 

2. Remove waste 

2. Remove waste 

2. Remove waste 

layers 

layers 

layers 

2.1 Cut riscrs/ITH 

2.1 Cut rixrdTI'H 

2.1 Cut risers/ITH 

2.1 Cut riwrslITH 

2.2 Remove cut-up 
riser/lTH sec- 
tions 

2.2 Remove cut-up 
riserlITH sec- 
tions 

2.2 Remove CUI-up 
riser/ITH sec- 
tions 

2.2 Remove cut-up 
riserllTH sec- 
tions 

2.2 Remove cut-up 
riser/lTH sec- 
tions 

2.3 Characterize 
waste 

2.3 Characterize 
waste 

2.3 Characterize 
waste 

2.4 Remove waste 
layer 

2.4 Remove waste 

2.4 Remove waste 

2.4 Remove waste 

2.5 Remove midual 

layer 

layer 

layer 

Waste 

2.5 Remove residual 

2.5 Remove residual 

2.5 Remove residual 

2.5 Remove residual 

waste 

waste 

waste 

_____ 

layers waste 

Map waste surface 

Teach riser cuning 

Robotically cut r is-  

Manually CUI risers 

sequence 

e r s M  

Exchange cutting end 
effector for 
gripper 

Map waste surface 

Teach riser removal 
sequence 

Rohotlcally mmove 
nwNTT'H 

Manually remove 
risers 

Exchange gripper for 
mapping end 
effector 

Map waste surface 

Determine waste 
composition 

Exchange mapping 
EE for waste re- 
moval EE 

Teach waste removal 
sequence 

Robotically remove 
waste 

Manually rcmove 
waste 

Exchange waste re- 
moval EE for 
cleaning EE 

Teach tank cleaning 
sequence 

Robotically remove 
residual waste 

Manually remove 
residual waste 

Inspect tank interior 

World map 

World map 

Remote viewing 

Remote viewing 

Remote viewing 

panel 

panel 

panel 

World map 

World map 

Remote viewing 
panel 

Remote viewing 
panel 

Remote viewing 
panel 

World map 

World map 

Remote viewing 
panel 

World map 

Remote viewing 

Remote viewing 

Remote viewing 

Panel 

panel 

panel 

World map 

Remote viewing 

Remote viewing 

Remote viewing 

panel 

panel 

nanel 

Remote mapping 

Remote mapping 

Robotic operations 

Camera control panel 

panel 

panel 

panel 

Camera control panel 

Remote mapping 
panel 

Remote mapping 
panel 

Robotic operations 
panel 

Camera control panel 

Camera control panel 

Remote mapping 

Remote mapping 

Camera control panel 

panel 

panel 

Remote mapping 

Robotic operations 

Camera control panel 

panel 

panel 

Camera control panel 

Remote mapping 

Robotic operations 

Camera control panel 

panel 

panel 

Camera control panel 

System status panel 

None 

World model 

System status panel 

World model 

System status panel 

None 

World model 

System status panel 

World model 

System status panel 

System status panel 

World model 

None 

World model 

System status panel 

World model 

None 

World model 

System status panel 

System status panel 

Operations log 

Operations log 

Virtual maneuvering 

Operations log 
panel 

Virtual maneuvering 
panel 

Operations log 

Operations log 

Virmal manewering 
panel 

Operations log 

Virtual maneuvering 
panel 

Operations log 

Operotions log 

Virtual maneuvering 
panel 

Operations log 

Virtual manewering 

Operations log 
panel 

Virtual maneuvering 
panel 

Operation? log 

Virtual maneuvering 

Operations log 
panel 

Operauons log 

None 

None 

System slatus panel 

None 

System slatin pnrrel 

None 

None 

System status panel 

None 

Syrtem status panel 

None 

None 

System statu5 panel 

None 

System status panel 

None 

System status panel 

None 

System status panel 

None 

None 

None 

None 

0per;rtiiins l i ~ g  

None 

Operation< Ing 

Nonc 

None 

Operaliiins liig 

None 

Operalion< log 

None 

None 

Oper;itiiins liig 

None 

Operations log 

None 

Operations log 

None 

Operations log 

None 

None 



Table 14. Panel m-oups for the TWRMS monitor during each task in the second mission ohase 

Prlmary dlsplay Prhnery control Secondary display Secondary control Tertiary displuy Tertiary control 
Mblon phase Sobtunctlon Task mnel mane1 Dane1 Dane1 panel panel 

3. Remove WaRMS 
equipment from 
SST 

3. Remove WaRMS 
equipmeat from 
SST 

3. Remove WaRMS 

%pent from 

%$pment from 

3. Remove WaRMS 

3. Remove WaRMS 
equipment from 
SST 

3. Remove WaRMS 

3SLpment from 

3.1 Remove LRh4 
system h m  
SST 

system from 
SST 

system from 
SST 

3.1.1 Remove LRh4 

3.1.2 Remove LRM 

3.2 Remove Aux. 
C c f v  8 stem 
from S S ~  

CCTV system 
from SST 

CCTV system 
from SST 

3.2 Remove Aux. 

3.2 Remove Aux. 

Choose removal 
mode (manual or 
robotic) 

LRM from tank 

Robotically remove 
LRh4 from tank 

Manually remove 

CImqe removal 
mode (manual or 
robotic) 

Aux C c f v  from 
tank 

Aux CCTV from 
tank 

Manually remove 

Robotically remove 

None None Nom 

Remote viewing Camera control panel World map 
panel 

Remote viewing Camera control panel World map 
P a l  

None None None 

Remote viewing Camera control panel World map 
Panel 

panel 
Remote viewing Camera control panel World map 

Nom None Nom 

Virmal maneuvering System status panel Operations log 
p a l  

Virtual maneuvering System status panel Operationr log 
panel 

None None None 

Virtual maneuvering System sta~us panel Operatioils log 
panel 

Virtual maneuvering System SI:IIUC panel Oprationq log 
panel 

4 w 





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 mom layout. In this phase the 
panel p u p  organization developed in the first phase will be translated into xcommendations for 
arranging physical components in the conuol 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 

Conml 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 
quire multiple panels (e.g., a m m l  panel to turn on and initialize the equipment and a control 
p e l  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. Tbe outcome of this part of the task will 
be conceptual design drawings for workstations, including recommendations for displays, 
controls, cabinets, and seating. This step wil l  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. TAe 
conml foom 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 m. 
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5. SUMMARY 

A task analysis was conducted to support control room conceptual design work for the 
TWRMS. Initially, the control room wil l  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 

The study used existing TWRMS concepts to generate a campaign scenario; a formal task 
analysis, using methods 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 
controvdisplay 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 conml/display panel, 
workstation, and control room layout conceptual design work. 

operations. 
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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: Prepare for aux. CCTV activation Sequence: 1 

purpose: Get crew and equipment ready for start-up. Duration: 0 

Cue: Receive instructions to proceed 

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 0% Action Respondent Content 

1 0 Inspeccs Perceptual readix?ess con t r o 1 v i  sua 1 
room 

~~ __ - _ ~ 

2 0 Requests Communicati readiness 
on 

~~ ~ ~ _____ __ - ~ 

3 Receives Communicati readiness 
on 

~ 

aux. CCTV 

verbal crew readiness 
communi ca t report 
i o n  
verbal 
communi ca t 

- _ ~ ~ ~ _ _ _  Lon ____ -~~ 
4 0 Decides Cognitive readiness full 

_. __ 
5 0 Informs Comunicati mode start 

on 
verbal crew warning 
communica t 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
~ _ _ _ ~  ~ 

_~ ~ _ _ _ _  - ____  

Mission Phase: 1. Insert TWFMS Equipment into SST 
_____ -- __ _ __ _ _ _ _ _ _ ~  - 

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

Task: Activate aux. CCTV system Sequence: 2 

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

Cue: Crew and equipment prepared to activate system 

DQscrlptfon: After preparing the crew and equipment for activation, turn on the aux. CCTV system 

Comments: 

El. No. Tlme Verb Group Parameter State Component System Other Obj,_ _ _  
1 0 Positions Motor power on electrical aux. CCTV 

2 0 Positions Motor power on control aux. CCTV 

3 0 Monitors Perceptual output in-band control aux. CCTV 

4 0 Decides Cognitive mode operable control aux. CCTV 

power 
_____. ~ - _ _ _ _ _ ~ _  _ _  

computers 
__ _ _ _ ~  

signal computers 
_ _ _  _ ~~ -~ 

computers 
_ _ ~ _ _ _ _ .  ~ 

5 0 Positions Motor power 
~_ ___ _ _  

on aux. CCTV aux. CCTV 
rem0 te s 

_ _ _ _  - _ ~ ~ _ _ _ _ _ _ _  
6 OMonitors Perceptual output in-band aux. CCTV aux. CCTV 

signal rem0 tes 
~~ _____________ ~_ 

7 0 Decides Cognitive mode operable control aux. CCTV 
computers 

Cornmunicatlon 
Means of 
Action Respondent Cogent 
discrete 
control 

discrete 
control 

_~ 

CRT 

discrete 
control 

CRT 

00 w 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
~ ~ ~ _ _  ~ _______ ~~~ ~_ _ 

~ 

- ._ ~~ 

Mission Phase: 1. Insert TWRMS Equipment into SST 
. ________. ~ 

Sub-Functlon: 1.1. Activate Aux. CCTV System 
~_ _ 

~ -_ ~~ 

___ 

Task: Verify aux. CCTV functioning Sequence: 
purpose: Make sure that the CCTV systems are functioning properly and are Duration: 
Cue: AUX. CCTV activated 

Descrlptlon: After turning on the aux. CCTV, make sure that it is functioning properly. 

Comments: 

3 

0 

Communication 
Means of 

Component System Other ObJ. ~~ Action ~ Respondent Content El. No. Time Verb Group Parameter State 
1 OAdjusts Motor posit ion cameras aux. CCTV continuous 

control 
__________ - - _~ _ 

2 0 Inspect aux. CCTV computer 

- - . - . . - - 
Cognitive mode operable aux. CCTV computer 



Modified Task Anaiysis Form for Waste Retrieval Manipulator System 
~~ - ~~ ~ ~~ ~ ~ - _ _ _ _ _  ~~~ -- __-__._-___ ~- 

Mission Phase: 1. Insert TWRMS Equipment into SST 

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

Task: Choose insertion mode (manual or robotic) 

~ - ~~ - 

~~ _ _ _ _  ~~ -~ - ~ _ _  -___-~ ~- . 

1 Sequence: 
Purpose: Select an insertion mode Duratfon: 0 

Cue: Aux. CCTV is ready for insertion 

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

Comments: 

- .- ~ -_ ~ 

Communication 
Means of 

El. No. T h e  Verb Group Parameter State Component System Other Obj. Action Respondent content - 

1 0 Chooses Cognitive mode robotic aux. CCTV 
or manual 00 ul 

- . _  -_ ~. . - _ _ _  





Modified Task Analysis Form for Waste Retrieval Manipulator System 
_ _  _~ ~ 

_ _  ____ _ _  

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 

____ -____ ____ ~~ 

- ~~ - - - ~ .__ -~ - - - . ._ - 

2 Sequence: 
purpose: Carry out robotic insertion Duration: 0 

Cue: Insertion mode selected 

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

- _ _  ~_ 

Communication 
Means of 

El. No. Tlme Verb - Group Parameter State Component System Other Ob]. Action Respondent Content- 
discrete 
control 

1 0 Pushes Motor mode robotic aux. CCTV 

2 0 Pushes Motor mode start robotic aux. CCTV 
routine 

- ~_ 

3 0 Monitors Perceptual position in-band CCTV aux. CCTV 

4 OMonitors Perceptual position in-band CCTV aux. CCTV 

5 0 Detects Perceptual position out-of- CCTV aux. CCTV 

platform 
- .. - _ - _ _  - - - - _ _ _  _ _  

platform 
~~ - _ _  

band plat f orm 
~~ . - - -. - __ . 

6 0 Pushes Motor mode stop CCTV aux. CCTV 

7 OChooses Cognitive- mode robotic CCTV aux. CCT'J 

platform 
~~ - _ ~ ~ _ _ _  

or manual platform 

discrete 
con t ro 1 

TV 

world map 

discrete 
control 



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 

purpose: Use the aux. CCTV to examine the tank interior 
Cue: Aux. CCTV system in place and functioning 

Descr@tlon: After inserting the a m .  CCTV, use it to inspect the tank interior 

~ - _ ~ ~  - _____ ~ ~- __ - _ _ _ _ _ _ _ _ _ ~ ~  - ~ 

Comments: 

El. No. Time Verb Group Parameter State Component System 
1 0 Pushes Motor mode robotic 

or manual 
~ ~~ 

2 OAdjusts Motor position 

~ -~ ~- -~ ~~ 

3 0 Inspects Perceptual 

~ ~ -~ 
4 0 Records Communicati position 

on and status 

aux. CCTV 

~ 

TV camera aux. c c w  

risers/ITH tank 

risers/ITH tank 

Sequence: 

Duration: 

1 

0 

Communication 
Means of 
Action Respondent Content 
discrete 
control 

continuous 
control 

TV 

Operations 
Log 

M 
00 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
~ _ _ _ _ _ _ ~  _~ 

~ _ _  ~~ ~ ~~~~ -~ - .  

Mission Phase: 1. Insert TWRMS Equipment into SST 

Sub-Functlon: 1.4. Develop Riser Cutting Strategy 

~- - - _  _ _ _ _ _ _ _ _ ~ ~ ~  _ 

_ _ ~ ~  
~ _ _ _  ~ ~~ _ _  

Task: Develop and record riser cutting sequence Sequence: 3 

0 Duratlon: Purpose: Determine the order for cutting risers and ITH and record the seq 
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 tog 

Comments: 

Communlcation 
Means of 

El. No. Tlme Verb Group Parameter State Component System Other Ob/. Action Respondent Content 
1 0 Chooses Cognitive cut order risers/ITH Operations 

2 0 Records 

Log 

on Log 

_ -  ______ _ _ _ _ ~  ~~ ~- ~~ 

Communicati cut order risers/ITH Operations 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
~~~~ ---. ~~ 

~~ ~- ~- - 

Mission Phase: 1. I n s e r t  TWRMS Equipment i n t o  S S T  

Sub-Function: 1.5. Activate LRM System 

- - ~ 

- -. ~ - -  
~ ~~ - - __ -- ~ 

~ __ 
Task Prepare for LRM activation Sequence: 1 

purpose: Get crew and equipment ready for starc-up. Duration: 0 

Cue: Aux. CCTV in tank 

Description: After receiving instructions to proceed, prepare the crew and equipment f o r  LRM system activation 

Comments: 

El. No. Tlme Verb Group Parameter State Component __ System Other Obj. 
1 0 Inspects Perceptual readiness control 

room 
-~ ~ ~~~ ~~~~~~~ ~ - 

2 0 Requests Communicati readiness LRM 
on 

~ ~ ~~ ~ 

3 0 Receives Communicati readiness 
on 

4 0 Decides Cognitive readiness full 
- ~ -~ 

- - ~  _ _ _ _ _ ~ - - ~  ~ ~~ 

5 0 Informs Communicati mode 
on 

activation 

.. 
LRM 

LRM 

LRM 

Communication 
Means of 

__ Action -~ Respondent Content 
visual 

verbal crew readiness 
communi c a t report 
ion 
verbal 
communicat 
ion 

warning verbal crew 
communi ca t 



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 Activate LRM system 

_~ ~_ -_ -~~~ 

~ ~ - _. - 
~ ~~ -___-.-___ ~ 

- 

2 Sequence: 
purpose: Turn on the LRM system Duration: 0 

Cue: Crew and equipment prepared to activate system 

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

Comments: 

._ - ~ _ _  - 
Communication 

Meens of 

discrete 
~ ~~ 

El. No. Tlme Verb Group Parameter State Component System OtherObj. Action Respondent Content 
1 0 Positions Motor power on electrical L W  

power 
~ - __ . - . ~~_~ 

2 0 Positions Motor power on control LRM 
computers 

signal computers 

~~~ _ _ _ ~  ~- 
3 0 Monitors Perceptual output in-band control LRM 

4 0 Decides Cognitive mode operable control LRM 
~ - ____ _ _ _  

computers 
- - - 

S o Positions Motor power on 
._ - _._ - 

LRM LRM 
rem0 tes 

6 0 Monitors Perceptual output in-band LRM LRM 
signal rem0 t e s 

control 

discrete 
cont ro 1 

CRT 

discrete 
control 

CRT 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
-~ 

~ ~~ __ _ _ ~  
~ 

Mission Phase: 1. Insert TWRMS Equipment into SST 

Sub-Functlon: 1.5. Activate LRM System 

Task: Verify LRM functioning 

Purpose: Make sure that the LRM systems are functioning 

Cue: LRM activated 

Descrlptlon: After turning on the LRM, make sure that it 

~ ~~ ~~~ - ~~ ~~ 
_ _ _  

~ ~~~ 

Sequence: 3 

properly and are r Duration: 0 

is functioning properly. 

Comments: 

Comrnunicatlon 
Means of 

El. No. Time Verb Group Parameter State Component System Other Obj. Actloll Respondent CAntent 
1 0 Inspects Perceptual LRM TV 

___ __ - - . 
2 0 adjusts Motor posit ion manipulato LRM 

r 
continuous 
control 

3 0 Decides Cognitive mode operable LRM compu:er 



~ ._ 

Modified Task Analysis Form for Waste Retrieval Manipulator System 
~~~ _ _ _ _ _ -  - -. - - 

Mission Phase: 1. Insert TWRMS Equipment into SST 

Sub-Functlon: 1.6. Insert LRM System into SST 
- - - __~_______ _ _  - - _ -~ _ -  _- _ _ _  __ ~-~ ~ 

 ask Choose insertion mode (manual or robotic) Sequence: 1 

purpose: Select an insertion mode 

Cue: LRM is ready for insertion 

0 Duration: 

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

Comments: 

Comrnunicatlon 
Means of 

El.No. Time Verb Group Parameter State Component System Other Obf. Actton Respondent Content __ 
1 0 Chooses Cognitive mode LRM 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
~- -~ _ _ _ ~  - - 

Mission Phase: 1. Insert TWRMS Equipment i n t o  SST 
~~ ~ ~- ~ 

Sub-Function: 1.6.1. Insert Li7M System into SST 
-. - -_ _ _  -~ ~~ 

~~ - ~~ - ~ 

Task: Manually insert LRM into tank Sequence: 

purpose: Carry out manual insertion Duration: 
Cue: Insertion mode selected 

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

Comments: 

El. No. Tlme Verb Group Parameter State Component System Other Obj. 
1 0 Positions Motor mode manua 1 LRM 

.. ~ - ._ 
2 OAdjusts Motor rate LRM 

2 

0 

Communication 
Means of 
Action Respondent Conlent 
discrete 
control 

continuous 
con t ro 1 

3 0 Monitors Perceptual position ‘r v 



__ _ _  ~ _ _  
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 

0 Duration: purpose: Carry out robotic insertion 
Cue: Insertion mode selected 

Descrlptlon: After selecting robotic insertion mode, initiate and monitor the insertion process 

Comments: 

- -  

Communlcatlon 
Means of 

discrete 1 0 Pushes Motor mode robotic LRM 
control 

2 0 Chooses Cognitive m z e  playback LRM discrete 

Other Obi. Actlon Respondent Content El. No. Time Verb Group Permeter State Component System 

_ _  

control 

discrete 
control 

world map 

- _ _ ~ _ _ _ _  . __- 
3 0 Pushes Motor mode playback LRM 

4 0 Monitors Perceptual position in-band LRM LRM 
~ ~~ - _ - ~ 

platform 

routine 

robotic LRM discrete 
routine control 

_ _ ~  ~ -- 
5 0 Decides Cognitive mode operable robotic L% 

6 0 Pushes Motor mode start 
-- _ _  ._ - _ 

- __ -_______- 
7 0 Monitors Perceptual position in-band LRM LRM TV 

platform 

platform 

band platform 

platform 

.. - _ -  ~ _ _  __ 
world map 8 0 Monitors Perceptual position in-band LRM LRM 

9 0 Decides Cognitive position out-of- LRM LRM 

10 0 Pushes Motor mode stop LRM LRM 

- ~- _ _ ~  - -_ - - _ -______~ - _ _  _ 

__ - ~ 

discrete 
control 

~ 
-~ 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
- ~~ . -_ ~ __ ~ _ _ _  . - ._ - ~- _~_________ - 

11 0 Decides Cognitive mode operable LRM 

__- ~ ~ - - inQQerahle_-  ~- ~ ~ 

12 0 Chooses Coyni t ive mode robot i c LRM 

or 

or manual 



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 Sequence: 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 I T H  present. 

Comments: 

- - - . - -- - 

Communication 
Means of 

ELNO. Time Verb Group Parameter State Component System -_ Other _ _  Ob). Action Respondent Content- 
discrete 1 0 Pushes Motor mode start data computer 

collection map control 
- - . _. __ - - _ _  _ ~ ~. ---_ . ~_ 

2 0 Monitors Perceptual mode operabye data computer CRT 
collection map 

~_ ~~~ ~~ - - - 
3 0 Inspects Perceptual computer CRT 

map 
~ -__- - -- 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
- ~ ~ _ _ _ _ _ _  ---_ _ - -_ _ -  ~ _ _ _ ~ _  -~~ _- _ ~ _ _  --- ~ _ - 

Mission Phase: 2 .  R e m o v e  Waste Layers 
- ~_ _ _ ~ -  ___ - 

Sub-Functlon: 2.1. Cut Risers/ITM 
-__________- _ - _ -  ~~ ~ 

~ - ~ _ _ _ _ ~ _ _  _ - ~  - 

Task Teach riser cutting sequence Sequence: 

Purpose: Teach the system to do riser/ITH cutting Duratlon: 
Cue: Map completed 

2 

0 

Descr[ptlon: After mapping the waste surface, teach the system to cut the risers/ITH into pieces manageable by the removal 
sys  tem. 

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

_ _ _ _ ~ -  _ - ~~- ~~ ~- 
Communication 

Means of 
El. No. Tlme Verb Group Parameter State Component System W ~ e r  Obj. Action Respondent Cont5nt 

1 Pushes Motor mode start teach world map discrete 
cont ro 1 

___ ~- . _ - - . _ ~- 
2 Remembers Cognitive sequence 

3 OAdjusts 
- ~ ._ __ ~ 

Motor position 

__ -. . 
4 0 Monitors Perceptual position 

___ 
5 0 Pushes 

_~ _ - -  
Motor mode start 

~. 
6 0 Pushes 

__ 
Motor mode stop 

- 

LRM 

LRM 

world map 

world map 

~ _ -. 
cutting EE world map 

~ ~ _ . -  
teach world map 

risers/ITH Operations 
LO9 

continuous 
control 

CRT 

- - ._ 
7 0 Pushes Motor 

--__ 
mode start playback world map 

- ~ -  ._ - - _ - _  

8 OMonitors Perceptual mode 
__-_ 

<operabye playback world map 

- _ _  - ~- _ _  _ _  - -  ______- 
9 0 Decides Cognitive mode override playback world map 

_-- __ 
10 0 Pushes 

_ _  
override playback worid map 

discrete 
control 

discrete 
control 

discrete 
con t ro 1 

CRT 

discrete 
control 
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___ ~ ~ ~- ~~ _______ ___- -.-_____ -___ - -~ -~ 

continuous 
control 

LRM world map 11 OAdjusts Motor posit ion 

~~~ _ ~ _ _ _ _ _ _ _ _ _  ~~~ 

12 0 Monitors Perceptual position LKM world map CRT 

- __ _ _ _ _  ____ ~ 

discrete 
control 

13 0 Pushes Motor mode start playback world map 

~ _._ - ~~ __ _- -  - 



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 Sequence: 3 

purpose: Cut risers/ITH robotically Duration: 0 

Cue: Cutting program taught 

Description: After the cutting program 1s taught, execute and monitor the program, intervening manually as necessary 

Comments: Elements 4 - 1 1  would occur repetitively 

Comrnunlcatlon 
Means of 

El. No. Tlme Verb Group Parameter - -. State Component System Other Ob]. Action Respondent Content- -- 

1 0 Decides Cognitive mode operable playback Y 

8 ~ ~ _ _ _ _ _ _  
2 0 Pushes Motor mode 

~ ~ _ _ _ _ _ _ ~  
0 Pushes Motor mode 

~~ 

4 0 Monitors Perceptual mode 

~- - 
enable LRM 

~ _ _ _ _ _ -  - -- _-- 
operable playback LRM 

- 

5 0 Monitors- Perceptual mode operable playback world map 

_ _ ~ ~  ~ - _____ - - 
6 0 Decides Cognitive mode override playback LRM 

~~ - ._ 
7 0 Pushes 

~- 

Motor mode 
~ ~~ . 

override playback LRM 

~ 

8 OAdjusts Motor posit ion 

~- - 
9 0 Monitors Perceptual position 

_ _ _ _ _ _ _ ~ ~  
10 0 Monitors Perceptual position 

.~ 
cutting EE LRM 

~~ -~ 
cutting EE LRM 

cutting EE LRM 

discrete 
control 

discrete 
control 

CRT 

discrete 
control 

con t i nuous 
control 

world map 
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~~ ~ . ~ 

~~ ~ 

~~ -~ ______  __ 
11 0 Pushes Motor mode enable playback LRM discrete 

control 
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~ - -~ -__ . ~ __ - ~~~ 

~ 

-~ 
~~ -~ 

Mission Phase: 2 .  Remove Waste Layers 
_ _ ~ ~  _ 

~ 

Su b-Function : 2 . 1 .  Cut Risers/ITH 

~- - -__ 
~ - ~~~~ - _ ~  

Task: Manually cut risers Sequence: 4 

purpose: Cut risers under manual control Duratlon: 0 

cue: Map completed 

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

Comments: 

El. No. Time Verb Group Parameter State Component System Other Ob]. 
1 0 Pushes Motor mode enable LRM 

2 0 Remembers Cognitive sequence 

~~ ~ - -  - ~ ~~ ~~~~ 

3 OAdjusts Motor posit ion cutting EE LRM 

_ _ _ _ _ ~ ~  _ _ _ _ _ _ _ ~ _ _ _ ~  ~~ - 
4 0 Monitors Perceptual position cutting EE LRM 

-_ ____ - 
5 0 Pushes Motor mode 

__ ~- 
start cutting EE LRM 

___ _ _ _ _ _ _ _ _ _ _ _ ~  ~ ____ _- 
6 0 Monitors Perceptual cutting in-band cutting EE LRM 

______. 
7 0 Pushes 

-~ _ _ _ _ _ _ _ _ _ _ _ ~ ~  - 
Motor mode stop cutting EE LRM 

risers/iTH 

Means of 
Communlcation 

Action Respondent Content 
discrete 
control 

Operat ions 
Log 

continuous 
con t ro 1 

CRT 

discrete 
control 

TV 

discrete 
control 
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- - -  ~- 

~ -~ . - -  

Mission Phase: 2 .  Remove Waste Layers 

Sub-Functlon: 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 Duratlon: 0 

Cue: Risers/ITH cut into sections 

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

Comments: This should be done automatically. 

_______---  

EL No. Time Verb GrouD Parameter State Comaonent 
Means of 

Communlcetlon 

Respondent Content 
- - _. .- System Other Obj. Action 

L 1 Pushes Motor gripper end- LRM discrete 

s effector con tro 1 
__-_____-- . . __ ~- --- -- ~ ___- 

discrete 2 0 Pushes Motor mode start end- LRM change 
effector program control 

~~~ .-. -~ ~- - 
3 OMonitors Perceptual position in-band L W  TV 

- -  _____ 
4 0 Monitors Perceptual posi<ion in-band LRM world map CRT 
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_ _  ~ 

~ ~ 
- ~~~~~ 

~ 

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 

Descr{ptlon: 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: 

El. No. Time Verb Group Parameter State Component System 
1 0 Pushes Motor mode start data computer 

2 0 Monitors Perceptual mode- operable data computer 

3 0 Inspects Perceptual computer 

collection map 

collection map 
_________ 

map 
~___- . -_____~-  __ -~~ 

Means of 
Other 04- Action 

discrete 
control 

~~ 

CRT 

CRT 

Cornmunlcation 

Respondent Content 
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- ~ _ _ _  -________ _- _ _ _ _ _ ~  - - __ 

- - 

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 sect 

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

ons 

repetitively. 

~- ~- - ._ 

Communication 
Means of 

discrete 
control 

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Content 
1 Pushes Motor mode start teach world map 

2 Remembers Cognitive sequence risersiITH Operations 
~ __ - 

Log 
- - - -- -- - _ __- - __-____ 

world map continuous 3 OAdjusts Motor posit ion LEU4 
con tro 1 

_. - 
4 0 Monitors Perceptual position LRM world map CRT 

_ .  _ _ _ _ _ _ _ _ _ _ ~  _ _ ~  _. ____ - _- 
5 0 Pushes Motor mode start gripper EE world map discrete 

control 
- - __. 

6 0 Pushes Motor mode stop teach world map discrete 
control 

7 0 Pushes Motor mode start 
- _ _ _ _ ~ ~ ~  

piayback world map 
_ _  ~- 

discrete 
control 

- _ _ _ - - _ _ _ _ ~  ~ -- 
E 0 Monitors Perceptual mode- operable playback world map CRT 

- ~ 

Cognitive mode override playback world map 

._ - - - -  _ _ - -  
10 0 Pushes Motor mode override playback world map discrete 

control 
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-~ - -___ ~~ __ ~~~-~ ~ 

___-. 
~~ . 

11 O A d j u s t s  Motor position LRM world map continuous 
contr 01 

~ ___- 
12 0 Monitors Perceptual position 

__- 
Motor mode start 

LRM world map 

_ _ ~ - ~  ~ ~~~~ 

playback world map 

._  -~ 
CRT 

_ _ _  - 
discrete 
control 
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~_ - - 

Mission Phase: 2. Remove Waste Layers 
_ _ _ _  _ .- ~_ _______ 

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

c ~ - ~ _ _ _  ~ 

- -_ 

Task: Robotically remove risers/ITH Sequence: 4 

purpose: Remove riserllT-H sections robotically. Duration: 0 

Cue: removeting program taught 

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

Comments: Elements 4 - 1 1  would occur repetitively 

Communicatlon 
Means of 

Other Obi. Action Respondent Content El. No. Tlme Verb Group Parameter State Component System __ 
1 0 Decides Cognitive mode operable playback 

2 0 Pushes 

3 0 Pushes 

Motor 
~_ .~ -. .... . 

enable LRM 

start 

~- __ - __ - 
4 0 Monitors Perceptual mode operable playback LRM 

~_ 

5 0 Monitors Perceptual mode operable playback WOL Id map 

disc r-e t e 
control 

discrete 
con t ro l  

TV 

. -  
CRT 

_. 
6 0 Decides Cognitive mode override playback LRM 

- ~ 

discrete 
control 

7 0 Pushes Motor mode override playback LRM 

- ~ _ _  __ _ _ _ ~ _ _ _ _ ~  ~ ~ _ _ _ - -  - 
continuous 
con t ro 1 

8 OAdjusts Motor posit ion gripper EE LRM 

9 OMonitors Perceptual position 

10 0 Monitors Perceptual position 

gripper EE LRM TV 

world map 
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_ _ _ ~ _ _  

11 0 Pushes Motor mode enable  playback LRM d i s c r e t e  
control 

~~~~~~~~ __ _ _  - ~- - ~~ - ___ _ . 



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: Manually remove risers 

purpose: Remove riser/ITH sections manually. Duration: 
cue: Map completed 

- -__ ~- ~- -~ ~ - -  -~ ~ ~ 

Sequence: S 

0 

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

Comments: 

.. - - -  
Comm u n lcatlon 

Respondent Content 
Means of 

Component System Other Obj. Actlon - El. No. Time Verb Group Perameter State 
1 0 Pushes Motor mode enable LRM discrete 

rontrol 
_ - _ _ _ _  -~ 

2 o Remembers Cognitive sequence 

. - -  ___.___ 
3 OAdjusts Motor 

_ ~ - ~ 

position 
~ 

gripper EE LRM 

risers/ITH Operations 
Log 

continuous 
control 

___ _ - . . __ . - _ 
4 OMonitors Perceptual position gripper EE LRM CRT 

5 0 Pushes 
- ~ ~ _ _ _ _  
Motor mode 

- - 
gripper EE LRM discrete 

control 
- _ _  -~ _ _ ~ _  __- _ - - - __ 

6 0 Monitors Perceptual gripper EE in-band gripper EE LRM TV 
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~ _ _  ~~~ ~ _ ~ _ _ _  _ ~ 

~ ~~ 
~~~ -~ - 

Mission Phase: 2 .  Remove Waste Layers 
~- _ - - ~ 

Sub-Function: 2.3 Characterize Waste 

Task Exchange gripper for mapping end-effector 

purpose: Discard the gripper and attach the sub-surface mapping end-effect 

_ _ ~ _ _ _  .~ ~ _ _ -  ~~ _ _ ~~ ~~ _ ~~ 

Sequence: 

Duration: 
Cue: Risers/ITH sections removed 

System 

_~ 
1 

0 

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

Comments: 

El. No. Time Verb __.  Group - Parameter State Component System _ _ _  O t h e m  
1 Pushes Motor sub- end- LRM 

~~~- _ - --I@aQDLllq - _ _  
surface effector 

_ 

2 0 Pushes Motor mode start end- LRM change 
effector program 

~ _ _ _ _ _ _ _ ~ _ _ _  ~ ~ ~~~ ~ 

3 0 Monitors Perceptual position in-band LRM 

__________ ~ ~ ._. - _ _  _ _ ~  ~ 

4 OMonitors Perceptual position in-band LRM world map 

~~~ ~ _ _ _ _ _ _ _ _ _ _ _ ~  _~ ~ ~ 

5 0 Inspects Perceptual end- LRM 
effector 

Means of 
Action ~~ 

discrete 
control 

discIete 
control 

TV 

CRT 

TV 

Communication 

Respondent Content 
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~ ~ _ _ _ _ _ ~ ~  ~- ______ .__ 

~ 

Mission Phase: 2 .  Remove Waste Layers 

Sub-Function: 2.3 Characterize Waste 

~. - . __ 

~ - - - 
 ask 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 i n  place 

gescrlptlon: 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: 

--__ - ~ . -  ~ 

Cornmunlcation 
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 L 

)-.L 

I-.. 
control collection map 

collection map 

- - ~ ._ - - -~ ____ 
2 OMonitors Perceptual mode operable data computer CRT 

~~~ _ _  - ~~ - 
3 0 Inspects Perceptual computer CRT 

map 
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~ ~ - _ ~  ~ ~ 

- - _ ~_ ~ 

Mission Phase: 2. Remove Waste Layers 

Sub-Function: 2.3. Characterize Waste 

-~ ~~ - __ _ _  

~ _ _ _  - _~ 

Manipulator System 

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: 

El. No. Time Verb Group Parameter State Component System Other Obj. 
1 0 Decides Cognitive compositio waste 

n etc. layer 

2 P Records Communicati compositio waste 
on n etc. 1 aye r 

_____________ ___ - _ _ _ 

._._.___ ~ _ _ _  _ _ _ . - 

Communication 
Means of 
Actionp_._ Respondent Content 

Y 
Y 
h, 

OperaLions 
Log 
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_ ~_ -~ _____ _~ _ ~ _ _  

Mission Phase: 2.  R e m o v e  Waste Layers 

Sub-Function: 2 . 4 .  Remove Waste Layer 

_ _  . _ __ ~ ~~ _ 

~_ ._  __ - _.-____-______ _ _ ~ _ _  ~ 

_ _  
Task: Exchange mapping EE for waste removal EE Sequence: 1 

purpose: Discard the sub-surface mapping EE and attach the waste removal e Duration: 0 

cue: Waste layer mapped and characterized 

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

Comments: 

- _ _ _ _ _ _  ~~ .- 

Cornrnunlcation 
Means of 

El. No. Time Verb Group Parameter State Component System Other ObJ. Action Respondent Content _ _  
1 0 Decides Cognitive end- L W  

effector 
_ ~ _ _  

2 0 Pushes Motor sub- end- LRM 
surface effector 

-- - 2 B Q Q 1 I l ! ! - -  ~~ .. 
LRM change 3 0 Pushes Motor mode start end- 

program effector 

4 0 Monitors Perceptual position in-band LRM 

~~ ~~~~ ___. - _. - 
5 OMonitors Perceptual position inIband LRM world map 

6 0 Inspects Perceptual end- LRM 
effector 

- 
discrete 
control 

discrete 
control 

TV 

CRT 

.. 
TV 
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~~ ____ ~ - 

~~~ ~- -- 

Mission Phase: 2 .  Remove Waste Layers 
- - ~ -  ~ _ _  - _ _ - - -  ~- - 

Sub-Function: 2 . 4 .  Remove Waste Layer 

Task: Teach waste removal sequence Sequence: 

Purpose: Teach the system to do waste removal Duration: 

- - -~ ~ _ _  - .. -~ -- -- - - ~ 

cue: Waste removal end-effector in place 

2 

0 

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 

- - -  - -  ~- _ _  -- - - 

Communication 
Means of 

1 Pushes Motor mode start teach world nap di screte 
Other Ob]. Action Respondent Content -- Parameter State Component System El. No. Time Verb Group - -. 

control 
~- . -- ---- ______  -~ 

2 Remembers Cognitive sequence 

-~ _ _ ~ - -  
3 OAdjusts Motor position 

__.___._~- ~ 

4 OMonitors Perceptual position 

___- 
5 0 Pushes 

-~ - 

6 0 Pushes 

~~ ~ 

Motor mode 

- - - 
Motor mode 

_ _ _ _ ~ -  
7 0 Pushes Motor 

- 

mode 

- - ~- 
8 0Monitors Perceptual mode 

- --- - - 

9 0 Decides Cognitive mode 

10 0 Pushes 
- ~. 
Motor mode 

LRM 

world map 

- _ _  - 
world map 

~- ~ _ _  - - - 

waste world map 
removal EE 

start 

~. 
stop teach world map 

- ~~ 

start playback world map 

operable ~ playback world map 

override playback world map 

~ 

override playback world map 

waste Operations 
Log 

continuous 
control 

CRT 

discrete 
cont ro 1 

discrete 
control 

discrete 
control 

CRT 

discrete 
conzrol 

c. 
L 
P 



~ . .. 
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~- ~ 

~~~~ ~~ ~~ ___ _ _ _  __ - ~- 
11 OAdjusts Motor posit ion LRM world map continuous 

control 

12 0 Monitors Perceptual position LRM world map CRT 

__ _ _  ~- 
discrete 
conErol  

13 0 Pushes Motor mode start playback world map 
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-~ - ~ - - - ~~ 

~- 
~ -~ - ~ _ _  - 

Mission Phase: 2. Remove Waste Layers 
__________ - - . . ~~ ~ 

Sub-Function: 2 . 4 .  Remove Waste Layer 

Task Robotically remove waste 

purpose: Remove waste layer robotically 

Cue: Waste removal program taught 

~ ~~ _ _ . ~ ~  - -  - ~ 

Sequence: 3 

Duration: 0 

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

Comments: Elements 4 - 1 1  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 

3 0 Pushes Motor mode 

~~~~~~ 

4 0 Monitors Perceptual moie 

~ -~ - - 
5 0 Monitors Perceptual mode 

enable 

start 

. 
operable 

LRM 

piayback LRM 

playback LRM 

- 
operable p1ayDac)r- worid map 

I 0 Pushes Motor mode override playback LRM 

~ -.- _ _ ~ ~ ~  - - - - ~  ._ _ _ - ~  
8 OAdjusts Motor position waste LRM 

removal EE 
~ - ~~ 

9 0 Monitors Perceptual position 

- _ _  -~ ~ 

10 0 Monitors Perceptual position 

-__ . 
waste LRM 
removal EE 

waste LRM 
removal EE 

~~ - ~ 

discrete 
control 

discrete 
cont ro 1 

TV 

CRT 

discrete 
control 

continuous 
control 

TV 

world map 
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-__ - ~ _ _  _ _ ~  - ~ _ _ _ _ _ _ _ _  

11 0 Pushes Motor mode enable playback LRM discrete 
control 
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- ~ _ _  ~~ - ~ _  - - _______-_ - - -~ ~ ~~ 

Mission Phase: 2 .  Remove Waste Layers 

Sub-Function: 2 . 4 .  Remove Waste Layer 

Task: Manually remove waste 

purpose: Remove waste layer manually. 

Cue: 

Description: After the map is completed, remove the waste using manual control. 

~ ~ _ _ _  - 

~~ ~~ ~ _ _ _ _ - ~  -~ ._ - - _  

Waste layer mapped and characterized 

_ _  
Sequence: 

Duration: 

4 

0 

Comments: 

Communication 
Means of 

El. No. Time Verb Group .___~ Parameter State .- Component System Other Obj. 
1 0 Pushes Motor mode enable LRM 

-~ _ _ _ -  
2 0 Remembers Cognitive sequence 

~~ . __  - -- ~ 

3 OAdjusts Motor position waste LRM 
removal EE 

~ _ _ _ ~  ~ . ~ ~ _ _ _ _ - ~ - ~ -  
4 0 Monitors Perceptual position 

~-~ ~- 
waste LRM 
removal EE 

~ _ _ ~ _ _ _ - ~ ~  . __ _ _ _ _ ~ -  - _ ~ _ _ _ _ - - -  
5 0 Pushes Motor mode start waste LRM 

removal EE 

waste 

____- ~ - ~ _ _ _ _ _ _ _  
6 OMonitors Perceptual gripper EE in-band waste LRM 

removal EE 
~~ ~~~ ~~ 

I 0 Pushes Motor mode stop waste LRM 
removal EE 

Action Respondent Content 
discrete 
control 

Operat 1 oris 

Log 

cont I nuous 
control 

CRT 

discrete 
contro L 

TV 

discrete 
control 
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______  . _ _  - - ~ _ _ _  

Mission Phase: 2.  Remove Waste Layers 

Sub-Functton: 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 Duration: 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: 

_ _  _ _ _ _ _  ~ 

Communlcatlon 
Means of 

Ei.No. Time Verb Group Component System Other Ob Action Respondent Content 
discrete c 

surface effector cont ro l  c-. 
1 0 Pushes Motor sub- end- LRM 

W 
~ mamxm- - 

discrete change 2 0 Pushes Motor mode start end- LRM 
effector program control 

_ _  ~~~ ___ . ___ . .__ ~ 

3 OMonitors Perceptual position in-band LRM TV 

_ _  __ -~ ~ - _- -. 
4 0 Monitors Perceptual position in-band LRM world map CRT 

-~ _ _  
5 0 Inspects Perceptual end- LRM TV 

effector 
_ _  -.. _ _  ~~ .- -~ 
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-~ _ _ _ ~  _ ~ _ _ ~  -- - - -  ~ _ _ _ ~ - ~ -  - -- 

Mission Phase: 2 .  R e m o v e  Waste Layers 
-_  -- 

Sub-Function: 2.5. Remove Residual Waste 
~- ~~- - ____ - - - ~~~ - ~. -_ - - 

Task: Teach tank cleaning sequence Sequence: 

purpose: Teach the system to do tank cleaning Duration: 
Cue: Tank cleaning end-effector in place 

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

2 

0 

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

Communication 
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 

-~ __ ~ - ______- 
3 OAdjusts Motor position 

_ _  
LRM world map 

waste Operations 
Log 

continuous 
cont I ol 

~ __ ______ --__- -- - 
4 0 Monitors Perceptual position LRM world map CPT 

_-_- - ~ - -  _.- 
5 0 Pushes Motor mode start tank world map 

cleaning 
__ - - ~  ~ ~ - - p - . - E L -  - 

6 0 Pushes Motor mode stop teach world map 

-__ - ~ _ _ - -  ___ 
7 0 Pushes Motor mode start playback world map 

~~ -~~ - _-- _.______- 
8 0 Monicors Perceptual mode operable playback world map 

discrete 
control 

discrete 
control 

discrete 
control 

CXT 

_ _  ~ _ _ _ _ _ . ~ - ~  ~ 

9 0 Decides cognitive mode override playback world map 

~- - - _ _ _  - -~ ____ __- 
10 0 Pushes Motor mode override playbac% world map discrete 

control 
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____.__ - - -~ _ _  

~~ _ _ _ _ _ _ ~  
11 OAdjusts Motor position LRM world map continuous 

control 

12 o Monitors Perceptual position LRM world map CRT 

- ~~ ~ ~ - - 
discrete 
control 

13 0 Pushes Motor mode start playback world map 
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- -- _ ~ _ _ _ _ _ _ _ _  __ 
- 

Mission Phase: 2 .  R e m o v e  Waste Layers 

Sub-Function: 2 . 5 .  Remove Residual Waste 

__ - ___ - - - _  ____ - - 

~ _ _ _ _ _ _ _ ~  -~~~ 

Task: Robotically remove residual waste Sequence: 3 

purpose: Remove waste layer robotically. Duration: 0 

Cue: Tank cleaning program taught 

Description: After the tank cleaning program is taught, execute and monitor the program, intervening manually as necessary 

Comments: Elements 4-11 would occur repetitively 

Group Parameter State El. No. Tlme Verb _. 

1 0 Decides Cognitive mode operable 

~~ 

2 0 Pushes Motor mode enable 

~_ _ ~ ~ - 
3 0 Pushes Motor mode start 

- ~ - - 
4 0 Monitors Perceptual mode operable 

_~ ~~ 

5 0 Monitors Perceptual mode operable 

_ _ ~  - - 
6 0 Decides Cognitive mode override 

____ __ __._ __ -__ ~~ _ _  

I 0 Pushes Motor mode override 

p 1 ay ba c k 

playback 

playback 

playback 

playback 

~_ _- 

playback 

~ ~_ 

Component System Other ObJ. 

~~ __ ~~~ 

8 0 Adjusts- Motor pos i t ion tank 
cleaning 

- - _ E L _ -  
9 0 Monitors Perceptual position tank 

cleaning 
~ __ _ E E _ -  

~~~ 

10 0 Monitors Perceptual position tank 
cleaning 

LRM 

LRM 

LRM 

world map 

LRM 

LRM 

Means of 
~_ Action- 

Communication 

Respondent Content 
Y 

h, 
N 

discrete 
control 

discrete 
con t r o  1 

TV 

CRT 

discrete 
control 

continuous 
con t ro i 

TV 

world map 
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- ~ _ _ _  

~ 

11 0 Pushes Motor mode enable playback LRM discrete 
c o n t r o l  

h) 
W 



Modified Task Analysis Form for Waste Retrieval Manipulator System 

Mission Phase: 2. Remove Waste Layers 

Sub-Functlon: 2 . 5 .  Remove Residual Waste 

Task: Manually remove residual waste Sequence: 

_- - .-- . - ___ __ ___ - - ~~ 

~ 

- _ ~  - ~ ~ -  _~ -__ - _ _ _ ~ ~  

purpose: Remove waste layer manually. 
Cue: Waste layer mapped and characterized 

Duration: 

Descrlptlon: After the map is completed, remove the residual waste using manual control 

Comments: 

El. No. Time Verb Group Parameter State Component System OtheLObj! 
1 0 Pushes Motor mode enable LRM 

- ~ _ _ _ _  . _ _  -~ - ~ 

2 0 Remembers Cognitive sequence waste 

- - ~ _ _ _ _ ~ ~  __ _ _ _ _  ~ - 

3 OAdjusts Motor posit ion tank LRM 
cleaning 

~ ~ - -  -~ 
4 0 Monitors Perceptual position 

_ _ _  ___ -- 
6 OMonitors Perceptual cleaning In-band 

EE 
_~~ - - - _ _  _ ~___-  

I 0 Pushes Motor mode stop 

EE ~ 

tank 
cleaning 
EE 
tank 
cleaning 
EE 
tank 
c 1 ean ing 
EE-_ 
tank 
cleaning 

_EE -_ 

LRM 

LRM 

LRM 

LRM 

4 

0 

Communlcatlon 
Means of 
Action Respondent Content 
discrete 
control 

Operations 
L O 9  

conrinuous 
control 

CRT 

discrete 
control 

TV 

discrete 
control 



- - ~ ~ _ _ _ _ _  -~ - - - __-___ ~ - - 
~ 

Mission Phase: 2. Remove Waste Layers 

Sub-Function: 2.5. Remove Residual Waste 

Task: Inspect tank i n t e r i o r  Sequence: 
Purpose: Inspect the  i n t e r i o r  of the tank a f t e r  cleaning and record the  st 

cue: Waste cleaning completed 

___ ---- _ _ _ _  __ ~- - _ _  -~ 

___ _ _ _ ~  ~~ 

__ - 

Duration: 

Modified Task Analysis Form for Waste Retrieval Manipulator System 

5 

0 

Description: A f t e r  cleaning the  tank, inspec t  t he  tank and make a record of i t s  s t a t u s .  

Comments: 

Communication 
Means of 

El. No. Time Verb Group Parameter State Component System Other OW. Actlon Respondent 
1 0 Insuect tank TV 

Content 
~ . - . . 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
_ _ _ _ ~ ~ ~ -  

~~ __ ~ ~~ ~ _ _ _ ~ ~ ~ ~ ~ ~  ~ 

Mission Phase: 3 .  Remove TWRMS Equipment from SST 

Sub-Function: 3.1. Remove LFW System from SST 

~ ~ _ _ _ _ _ _ _ _ _  - _ _  - __ ___ 

~~~ _ _ _ _ ~ _ _ _ - -  ~ __ -~ ~ ~~ 

Task: Choose removal mode (manual or robotic) Sequence: 
Purpose: Select a removal mode 

Cue: Tank inspection completed 

Duration: 

1 

3 

Descrlptlon: After deciding that the LFW is ready for removal, decide whether to use manual or robotic removal m o d e  

Comments: 

_ ____ _ _  ___-- _ ~~ ~~ 

Communlcatlon 
Means of 

El. No. Time Verb Group Parameter - State Component System Other Ob]. Action Respondent Content 
1 0 Chooses Cognitive mode LRM 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
~~ __-~_ - _  ~ 

Mission Phase: 3 .  R e m o v e  TWRMS'Equipment f rom SST 

Su b-Function: 3.1.1. Remove LRM System from SST 

-~ -~ - - . - ~~ 

__ .- -- ~~ - ~~~~- . - _ _  
Task Manually remove LRM from tank Sequence: 2 

purpose: Carry out manual removal Duration: C 
Cue: Removal mode selected 

Descrlptlon: After selecting manual removal mode, manually control the removal process 

Comments: 

~~ - _ _  ~ ~ 

Communication 
Means of 

El. No. Time Verb Group Parameter State Component System Respondent Content- - 

dlscrete 
control 

1 0 Positions Motor mode manual L W  

2 CAdjusts Motor rate LRM continuous 

3 0 Monitors Perceptual position- LRM TV 

~ ~ _. ~~ ~ ~ _ _  - - 

control 
~~- - - - - -- 



~~~ ~~~ -~ _______ - -~ -~ ~ 

Mission Phase: 3 .  R e m o v e  TWRMS E q u i p m e n t  from SST 

Sub-Function: 3.1.2. Remove L R ?  System from SST 

Task Robotically remove LRM from tank Sequence: 

purpose: Carry out robotic removal Duration: 
Cue: Removal mode selected 

~~ - _ _ _ _ ~ -  ___ ___ -~ 

- ~ _ _ _  - ~ -  
~~ __ _ _ _ _ _ _ _  _ _ _ _ ~ -  - -~ 

Modified Task Analysis Form for Waste Retrieval Manipulator System 

2 

0 

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

Comments: 

El. No. Time Verb Group Parameter State Component ~~~ System Other Ob]. 
1 0 Pushes Motor mode robotic LRM 

-~ ____---__-- 
2 0 Pushes Motor mode start robotic LRM 

routine 
~~ ~~ ~ ___-~-- - - . 
3 0 Monitors Perceptual position in-band LRM LRM 

platform 
_ _  ~ -~ _ _ -  

4 0 Monitors Perceptual position in-band LRM LRM 

5 0 Decides Cognitive position out-of- LRE.1 LRM 

6 0 Pushes Motor mode stop LRM LRM 

plat f orm 
~ - ~ _ _  _ _ _ _ _  ---- 

band plat form 
~ ~~ _ _  - ~ _ _ _ ~  _ _  __ 

platform 

Communication 
Means of 

~~ Action Respondent Content 
discrete 
control 

discrete 
control 

TV 

world map 

discrete 
control 

-~ ~~ 

Cognitive mode rob0 t ic 
or manual 

LRM 

Y 

N 
00 
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__ ____ - _ ~  

~ 

- -  __ 

Mission Phase: 3 .  R e m o v e  TWWS E q u i p m e n t  f rom SST 

Sub-Function: 3 . 2 .  Remove Aux. CCTV System from SST 

~ _ _  - ~ - 

~ _ _  .- __ ~~ __ _ 
~~~k Choose removal mode (manual or robotic) Sequence: 1 

purpose: Select a removal mode 

Cue: LF34 removed 

Durstlon: 0 

Descrlpt[on: A f t e r  deciding t h a t  the a m .  CCTV is ready f o r  removal, decide whether to use manual or robotic removal mode. 

Comments: 

Communication 
Means of 

El. No. flme Verb Group Parameter Slate Component System Other ObJ. Actlon &?SQQndenl Content - 
1 0 Chooses Cognitive mode aux. CCTV 



- -~ ~~~ ~ __ -~ 

Mission Phase: 3 .  Remove TWRMS Equipment from SST 

Sub-Function: 3.2. Remove Aux. CCTV System from SST 

Task: Manually remove aux. CCTV from tank Sequence: 

purpose: Carry out manual removal Duration: 
Cue: Removal mode selected 

. _ _ _ ~  ~ - 

- -____ 
~~~ 

- _ _  ~- 

Modified Task Analysis Form for Waste Retrieval Manipulator System 

2 

0 

Descrlptlon: After selecting manual removal mode, manually control the removal process 

Comments: 

El. No. Time Verb Group Parameter - __ State Component System ___._ Other ob4 
1 0 Positions Motor mode manual aux. CCTV 

~ ._ - - ~~ 

2 OAdjusts Motor rate aux. CCTV 

_ _ _ ~ _ _ _ _ _ ~ ~ ~  ~~ ~ - 
3 0 Monitors Perceptual position aux. CCTV 

Communication 
Means of 
~ ~ _ _ _  Action Respondent Content 
discrete 
control 

continuous 
control 

TV 



Modified Task Analysis Form for Waste Retrieval Manipulator System 
~~ ._ ~ ___ ___-___ 

Mission Phase: 3 .  R e m o v e  TWRMS Equipment from SST 

Sub-Functlon: 3.2. Remove Aux. CCTV System from SST 

~~ ~ - ____ _ _ _ ~  -~ 

. ~ ~ ~ 

~~ __  . __ - - ~~- ~~ 

Task Robotically remove aux. CCTV from tank Sequence: 
Purpose: Carry out robotic removal 
Cue: Removal mode selected 

Duration: 

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

Comments: 

3 

0 

. ~~~~- ___ 
Means of Cornmunlcation 

Other Obi. Action Respondent Content El. No. Time Verb Group Parameter State Component System 
1 0 Pushes Motor mode robotic aux. CCTV discrete 

control 

2 0 Pushes 
_ _ ~ ~ _  - 

Motor mode start robotic aux. CCTV 
routine 

- 
3 0 Monitors Perceptual position in-band CCTV aux. CCTV 

4 OMonitors Perceptual position in-band CCTV aux. CCTV 

platform 
-___ 

platform 

~ _ . _ ~ -  . 
discrete 
control 

TV 

worid map 

~- __ .. - . --- 
5 0 Decides Cognitive position out-of- CCTV aux. CCTV 

6 0 Pushes Motor mode stop CCTV aux. CCTV discrete 

7 0 Chooses Cognitive mode robotic aux. CCTV 

band platform 

platform 

__ - ._ - 

con t sol  
- 

or manual 
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