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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 approachstartedwith a top-down definition of the steps in a tank retrieval
campaign. It started by dividing a waste retrieval campaign for one single-shell tank into the
largest logical components (mission phases), then subdivided these into secondary components
(subfunctions), and then further subdivided the secondary coraponents into tertiary units (tasks).
Finally, the tertiary units were divided into potentially observable operator behaviors (task
elements). In the next s_ageof 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 wasused in a bottom-up approach to develop clusters of controls and displays
called panel groups and to prioritize these groups for each subfunction. Panel groups are clusters
of functionally related controls and displays. Actual control panels will be designed from panel
groups, and panel groups will be organized within workstations to promote efficient operations

" during retrieval campaigns.
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1. INTRODUCTION

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

The TWRMS will comprise systems capable of teleoperation and autonomous operations.
While operating these systems, the crew will shift from continuous manual control (e.g., using
master controllers) to symbolic interaction (e.g., selecting actions from a computer menu),
depending on the circumstances. In other words, the human operators contribution will range
from controlling every movement of the machine by directly controlling servomotor operation to
entering task-level commands. Specifically, operators will carry out some varying mix of five
tasks: (l)programming: storing a behavioral repertoire via symbols, including words;
(2) teaching: storing a behavioral repertoire by stepping through examples; (3)controlling:
exercising continuous manu2 control; (4)commanding: control via manipulating symbols to
trigger behavioral repertoires; and (5) monitoring: observing the machine perform commands and
switching to another task as required. A control room for the TWRMS must include workstations
that can support all five user tasks during waste tank remediation campaigns. This document
provides supporting information for the design of such workstations. However, because the
TWRMS is an emerging system, this analysis must be reviewed prior to developing final control
room concepts to ensure that the process model and conclusions contained within it remain
applicable.

Control room design must proceed systematically if it is to be effective. One approach is to
follow three phases: (1) function analysis, (2) task analysis, and (3) design. A task analysis is a
formal method of examining work that must be done by human users. The starting point for a
task analysis is the mission that a human-machine system must perform, and the ending point is a
list of requirements for human actions and the displays and controls that must be provided to
support them. Between the start and the end is a process of dividing and subdividing the work
into smaller yet significant components. The TWRMS task analysis began by def'minjgthe
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 ',timof discovering the human actions

" required to carry out the tasks, and the controls and displays necessary within each task. The task3
analysis method used was that developed for task analysis of nuclear power plant control rooms,

. with some modifications to account for the special requirements of remote handling systems.
Section 3 describes the outcomes of the task analysis.



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

In the next stage of the task analysis, the list of mission phases, subfunctions, tasks, and task

elements was evaluated by completing an electronic task analysis form pattemed 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 t',mk and that
the long reach manipulator (LRM) and auxiliary systems are ready for activation. The mission
profile is based ca the operating scenario for single-shell tank (SST) remediation described in the
retrieval manipulator specification.



2. TASK LIST

This section lists the tasks that must be performed to complete a waste tank retrieval
campaign for one tank and defines the startingpoint, events, and ending point that comprise each
task. Because this is a developing system, the information necessaryfor 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 carriedout, not how they are carriedout. However, it is a reasonable
approximation of the activities that wili take place; the task descriptions contained in this
document are best estimates of what an SST remediation campaign wili be like and provide a
baseline for human-machine interface development. As beret information becomes available, it
will be incorporatedas required.

The retrievaleffort 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 clone to suceessfuUycomplete the mission

, phase. For example, in the firstmission phasethe auxiliarytelevision system (Aux. TV) must be
activated, the Aux. 'rv mustbe inserted into the tank, the tankinteriormust be inspected, and a
strategy (sequence) for cutting the risers must be developed. These secondary units are the
subfunctions. Each subfunction comprises an initiator, the event or condition that requiresor
allows the subfunction;a task sequence, the sequentiallist of tasksthat operatorsmust complete;
anda sequence terminator, the event or condition that is the goal of the subfunction. The tertiary
units are tasks.A task is a set of human behaviorsexecuted to fulfill a goal-directedstrategy.The
task sequence is a set of tasks carried out to fulfill the goal of the subfunction. Tasks are
composed of taskelements, which arehumanbehaviors requiredto complete the task.

The following sections list the mission phases and the subfunctionswithin mission phases.
Within each subfunction,the initiatorat the startis listed, followed by a sequential list of tasks
requiredand the terminatorfor the subfunction.The initiatoris the status of the system at the
start of the subfunction,and the terminatoris the goal status of the system for the subfunction.
The emphasis in this list is on usertasks, so certainaspects of system flmctioning are not present.
For example, during waste removal the operation of the waste conveyance system is not
mentioned.Even though this is an importantpartof system functioning,it does not requireany
userbehavior beyond manual controlof the TWRMSand monitoring system status.Therefore, it
is not explicitly listed although it must be runningfor _le waste retrievalend effector to function
properly.

. Perhaps a better way to understand the retrieval campaign is through examining a task
network model, which provides a flow chart for the campaign. A task network model was
developed using the MicroSAINTsoftware packageand is presented in all figures. Each mission

. phase, subfunction, and task element is clearly represented; however, the tasks in some
subfunctionsare not well defined. In all of the figures, task elements are represented by ovals,
subfunctions andmission phases by boxes, multiple path events by diamonds labeled with an



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

2.1 MISSION PHASES

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

1. Insert 2. Remove 3. Remove
TWRMS "- Waste _ ",rWRMS

Fig. 1.Missionphasesduringa tankremedlationcampaign.

2.2 FIRST MISSION PHASE: INSERT TWRMS EQUIPMENT

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

has been inspected, and a strategy for the first series of curling 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
subfunction.

2.2.1.1 Initiator

TWRMS is in place over SST access port.



4. Activate _ 5. Insert _ 6. Inspect _ 7. Develop _ 8. Activate 9. Insert
CCTV CCTV Tank CutStrategy TWRMS TWRMS

ut

Fig. 2. SuMunctlons durling the first mission phase.
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Fig. 3. Tssk elements during the subfunction "Activate Aux. CCTV System."



2.2.1.2 Task sequence

1. PrepareforAux. CCTVsystemactivation.
2. Activate Aux. CCTVsystem.

" 3. VerifythatAux. CCTV system is functioningproperly.

2.2.1.3 Terminator

Aux. TV systemis readyforinsertion.

2.2.2 Insert Aux. CCTV System into SST

During this subfunction, the crew inserts the Aux. CCTV system into the tank and then
verifies that it is in place and functioningproperly. 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-tankbasis, depending upon the amount of pre-insertion
inspection that has been done and the amount of clutter present around the tank entrance.
Figure4 illustratesthe taskelements in thissubfunction.

2,2.2.1 Initiator

Aux. CCTVsystem is readyfor insertion.

2.2.2.2 Task sequence
&

1. Choose insertionmode (manualor robotic).
2. Manuallyinsert Aux.CCTV into tank.
3. InitiateroboticAux. CCTVinsertion.
4. Monitor roboticAux. CCTVinsertion.
5. Confirmthat Aux. TV system is in place and functioning.

2.2.2.3 Terminator

Aux. TV system is in place andfunctioning.

2.2.3 Inspect Tank Interior

Duringthissubfunction,thecrewinspectstheinteriorofthetankandrecordsthelocation
and description of visible in-tank hardware0TH) and risers with the ultimate purpose of
developing a sequence or strategy for cutting these pieces into removable shapes. Figure 5
illustratesthis subfunction.

2.2.3.1 Initiator

Aux. TV systemis in place and functioning.
,i

2.2.3.2 Task sequence

1. Inspect tankinterior using Aux. "IV.
2. Record riserand ITH locations and descriptions.



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



Fig. S. Task elements during the subfunctlon "Inspect Tank Interior."

2.2.3.3 Terminator

Risers andITHarenoted,locatedon tankmap, anddescribedhi operationslog.

2.2.4 Develop Riser Cutting Strategy

During this subfunction,the crew decides upona riser/ITHcutting sequence and records it
in the operations log. (The operations log should be an electronic diary of operatiom_and events

, and should have the capability of translatinga cutting sequence into world map coordinates.)
Figure6 illustratesthis subfunction.

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

2.2.4.1 Initiator

Risers and ITHarenoted, located on tankmap, and describedin operationslog.

. 2.2.4.2 Task sequence

1. Develop risercuttingsequence.
. 2. Recordrisercutting sequencein operationslog.
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2.2.4.3 Terminator

Riser cutting sequence is recorded.

2.2.5 Activate TWRMS

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

2.2.5.1 Initiator

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

2.2.5.2 Task sequence

1. Prepareto activate TWRMS.
2. Activate TWRMS.
3. Verify that TWRMS is functioning properly.

2.2.5.3 Terminator

TWRMSis functioning properly.

2.2.6 Insert TWRMS

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

2.2.6.1 Initiator

TWRMS is functioning properly.

2.2.6.2 Task sequence

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

2.2.6.3 Terminator

TWRMS is in place in tank.



• i

Fig. 7. Task elements during the subfunctiou "Activate TWRMS."
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Fig. 8. Task elements during the subfunctiou "Insert TWRMS."
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2.3 SECOND MISSION PHASE: REMOVE WASTE LAYERS

During the second mission phase, risers, ITH, and waste are removed in an iterative process.
The mission phase starts with the complete TWRMS operational inside the tank, and it ends witht

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

2.3.1 Cut Risers/ITH

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

2.3.1.1 Initiator

TWRMSis operational in tank.
it

2.3.1.2 Task sequence

" 1. Map waste surface (see Fig. 11).
2. Teach riser cutting sequence (see Fig. 12).
3. Robotically cut risers (see Fig. 13).
4. Manually cut risers (see Fig. 14).

J

2.3.1.3 Terminator

Risers/ITH cut into manageable sections.

2.3.2 Re"nove Cut.up Risers/ITH

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

2,3.2.1 Initiator

Risers/ITH are cut into manageable sections.



85.Cut ____ 86.Remove 87. 88.Remove _._ _1 89.Remove

Risers/ITH CutSeclk)ns_ Characterize_ WasteLayer ResidualWaste Waste

:

Fig. 9. Subrunctions during the second mission phase.
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96. Manual ,_/ ,_: _
Cut

Surface r Cut r \ _.,

Fig. 10.Tasksduringthesubrunctlon"CutRlsers/ITH."



Fig. U. Task elements during the task "90. Map Surface."
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Fig. 12. Task elements during the task "96. Msnutl Cut"



97. Start 98. Rein. Adj. 101. Push
Teach Sequence Position Cut

102. S'mp 104. Start 108.
Teach Playback Playback Ready

I03. I09.
Override P_ .--'

-.-.I

i

..................................."

Fig. 13. Task elemet_ts during the task "94. Tesch Cut."



120.

TV Complete

111. Start 118. Stop 119. Re-
107. Enable Cut World Model Cut Teach

114. : 15. 121. Start
Override Position Cut

Fig. 14. Task elements during the task "95. Robotic Cut."



161. Manual >
Removal

130. 134. Map _ 140. Teach 160. Robotic ,_S >Exchange EE _ _ _ "\Surface Removal Removal

Fig. 15. Tssks during the subfunctlon "Remove Cut-Ip RisersRTH."
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152. Push 292. In
Start "IV Place

World Model

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



137. Push 38. 39.
Start Map Map

t_

Fig. 17. Task elements during the task "134. Map Surface."
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Fig. 18. Task elements during the task "140. Teach Removal."



"_" 64. 172.

"_ "IV Complete
171. Re-

163. Start 170. Stop
162. Enable Removal World Model Teach

166. 167. Ad 173. Start
Overdde Position

Fig. 19. Task elements duflng the task "160. Robotic Removal." _t'J

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

I. Exchangecuttingendeffectorforgripperendeffector(Fig.16).
2. Map wastesurface(Fig.17).

3. Teachriser/ITHremovalsequence(Fig.18).
4. Roboticallyremoveriser/ITHsections(Fig.19).
5. Manuallyremoveriser/ITHsections(Fig.20).

2.3,2,3Terminator

Risers/ITHareremovedfromthetank.

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.

B ,,,

ExchangeEE r Surface _ DetermineComposition

t 1 "
.t

Fig.21. Tasksduringthe subfunctlon"CharacterizeWaste."

2.3.3.1 Initiator

Risers/ITH are out of the tank.

2.3.3.2 Task sequence

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



WoddModd
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. 213. Reoord

Fill. 24. Tuk ekments durinll the tssk "211. Determine Composition."

2.3.3.3 Terminator

Wasteis mappedandcharacterized.

2.3.4 RemoveWasteLayer

Duringtl_ssubfunctionalayerof wasteis removedusingtheappropriatewastedislodging
andcapturetools. At the endof a repetition,the processis restartedwith riser cuttingor
continuesto tankcleaning.Figure25 illustratestie taskswithinthissubfunction,andFigs.26-
28 illustratethe taskelementswithin each task. The subfuncdonmay be completedusing
telcoperadonor mbotically,but giventhe low rates(3 in./s) andthe positioningtolerances
(within I in. of thesunºaceforsome)requiredbytheendeffectors,it will bedifficult for thecrew

. to maintain the appropriatepace and position. Therefore, automationis the preferredoption:
operatoraiding thoughend-effectorpath restrictionscould also be used for these end-effector
performanceregimes.

[ 202. 214. Teach _ 22_eRoOv_alic _. _

ExchangeEE _ Removal

t I
Fill. 2S. Tasks during the subfunct/on "Remove Wute Layer."

2.3.4.1 Initiator

. Waste is mappedandcharacterized.



208. Pt,mh 294. In
Stroll TV Place

10.
World Model

o i ,ii t s



27. Tmskelements during the task "214. TeKh FemovsI."
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2.3.4.2 Task sequence
o

l. Exchangemappingendeffector forwaste removalendeffector (see Fig. 26).
2. Teach roboticremovalsequence(see Fig. 27).
3. Executeroboticremoval (see Fig. 28).

2.3,4.3 Terminator

Wastelayeris removed.

2.3.5 Remove Residual Wute

During this subfunction, the waste remaining after the last layer has been removed is
cleanedfrom the walls andbottomof thetank. Figure 29 illustratesthe tasksin thissubfunction,
and Figs. 30-33 illustrate the task elements within each task. Once again, automated robotic
removal is the preferredoption becauseof theanticipatedslow workrateof theend effector.

Surface ExchangeEE ----4. Removal _ Removal
J' i - -- iiillU0 1

T .... I
Fill. 29. TJud_sdurinj the 8ubfunctlon "Remove Residual Wute."

2.3.$.1 Initiator

Last layer of waste is removed.

2.33.2 Task sequence

1. Maptanksurface (see Fig. 30).
2. Exchangewasteremovalendeffector forcleaningend effector(see Fig. 31).
3. Teachrobotic removal(seeFig. 32).
4. Execute roboticremoval(see Fig 33).

2.33.3 Terminator

- Residualwaste is removed.

_e
e



Fig.M. TIl_kelemelmdlEl_ tiletl_ "214.MIIp SllrfKe-"
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!
251. PL_J_h 295. In

Start TV Place

WoddModel

!_1_SL Task elememtsdm'liq¢tkebedk"_lS. F,xcJkIM EF,."



259.

Overdde

(_63. Deci_ r2_66 265. Stop

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



277.

TV Complete Tank

276. Re- r2_54
268. Start 270. 275. Stop Teach

267. Enable Removal Wodd Model
tJ_
Ut

271. 272. 278. Stop
Override Position Manual

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

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

2.4.1 Remove TWRMS Package

The first step in this phase is to removethe TWRMSfromthe tank.

2.4.1.1 Initiator

Residual waste is removed.

2.4.1.2 Task sequence

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

2.4.1.3 Terminator

TWRMSis out of the tank.

280. Remove 284. Remove
TWRMS _ CCTV

Fig.34.Subfunctionsduringthethirdmissionphase.

2.4.2 Remove Aux. CCTV System

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

2.4.2.1 Initiator

TWRMSis out of the tank.

2.4.2.2 Task sequence

1. Preparefor Aux. CCFV removal.
2. Remove Aux. CCTV fromthe tank.

2.4.2.3 Terminator

Aux. CCTV system is out of the tank.
iq



.

Fig. 3S. Ttsk elements during the subfunctlou "280. Remove TWRMS."



Fig. 36. Ttsk elements during the subranctfon "284. Remove CCTV."
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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 duringa waste retrievalcampaign. The next step was to formally examine the task
elements and (1) categorizethe operatorbehavioraccordingto a standardbehavioraltaxonomy,3
(2) determine what system or system component is being controlled or observed, and
(3) determine whatmeans(i.e., controls, displays, log books, etc.) arenecessary.This was done
by filling out anelectronic taskanalysis formfor each task.Figure 37 shows a typical, completed
task analysis form. The full set of task analysis forms is provided in the Appendix. The task
analysis form was designed and completed using the Microsoft Access data base management
program,so the completed task analysis forms ate a task analysis database for waste retrieval
system operations. This method follows that developed by the NRC for nuclear power plant
control roomss with some modifications to the task analysis vocabulary necessary to fit the

- uniqueneeds of the waste retrievalapplication.

. 3.2 RESULTS

3.2.1 User Actions, Displays, and Controls

The informationprovidedby the task analysis is a list of the user functions, displays, and
controlsnecessaryto operate the system.The task analysis database makesit possible to identify
the user actions, displays, and controls necessary during each subfunction by sorting and
reorganizingthe informationin the data base. Tables I-3 providesuch a list.

3.2.2 Crew Size and Function Allocation

An earlierstudy2 madea preliminarycrew size decision and listed the functions that users
must perform. From the task analysis, the preliminary decision to specify a two-person crew
appearsto be correct, integratingthe function analysis with the task analysis by determining
which functions operatorsperform duringeach task verifies the crew size decision made in reL 2
and provides a detailed functionallocationfor each crew member.Table 4 is a list of tasks and
the functionsusers performwithineach task and subfunction.
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M_ified Task Analysis Form for Waste Retrieval Manipulator System
.. _.. _ .... == .... _ ........ -_ ..... . _= -: .-- _= :: ..... : . _ .... :_: _ _ -_ _ _

Mission Pfmse: I. Insert TWRMS Equipment into SST

Si__: I.2.2 Insert Aux. CL'TV System into SST

P-Jq_oae:.Carry out robotic insertion _ 0

Insertion mode selected

De_M_fJo(E After selecting robotic insertion mode, initiate and moaltor the insertion process

Branch 2

Cammmdma_
MS_S_

mmo. Tk_ V_o QmW F_nmeW S_ _ S_m OewO_ A_Son _ _ ................... _,
1 0 Pushes Motor mode robotic aux. CCTV discrete O

control

routine control

- ' - 3- 0 Nonitors Perceptual position in:band CCTV aux. CCTV TV
platform

...... 4 0 Monitors Perceptual position in-band CCTV aux. CCTV world map
plat form

band platform

6 0 Pushes Motor mode stop CCTV aux. CL'TV discrete
platform control

7 0 Chooses Cognitive mode robotic CCTV aux. CCTV
or manual platform

Fig. 37. T.l_pIIc_tmnpl_ledlink _ farm.
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• il

T_-__L___ I. U_+__-_ dkpa."ys, --"4 _ _ _ _a,l___ oil"llmel'mrsl_ phase

COml-=,
_-_.._--..__,_-___+-_+___ Sys_'--hma_ _ Slate Mesas o4"adios

LI Adlvale Amt. CCTV Syslem
L_ Readiness Visual
Requests R_ness Verbal communic_hm
Decides Readiness Full

lmpms
Decides Mode OImrable Compmer
Informs Mode Slalt Verbal communk-atkm
Receives Readiness Verbal communicaxkm
Aux. CCTV Aax. CCTV
Monitors Output signal ln-baml CRT
Positions Power On Discrete control
Aux. CCTV Cameras

Adjusts Position Cor_nuous control
Aux. CCTV C.omral
Decmes Mode
Decides Mode Operable

Monitors Output signal In-band CRT
Positions Power On Discrete control

Am. ccrv Ekctrkal power
Positions Power On Discrete control

1.2 Insert Aux. CCTV System into SST
Aux. CCTV

Mode Robotic m"manual

1-2-1 lme_ Amy..CCTV System into SST
Aax. CCTV
Positions Mode Mamml Discrete control
Monitors Positim "IV

.Adjusts Rate Continuous coolrtd

1.2.2 lmsert Aux. CCTV S_atem imo SST
Aux. CCTV
Pushes Mode Robo6c Discrete control
Aux. CCTV CCTV platform



Table L (amtlmmd)

compmme
S_fmsc_m Systae_fb _ State Mamsd_

Mode _or_

Pushes Mode Stop DL_elc coam_l
Monitors _ in-band TV
Monitors Position in-ba_ Wm'ld map
Detects Position out-of-band
Aux. CCTV Robotic teatime
Pushes Mode Start Disc_e control

1.3 _ Tuk Interim"
Aux. CCTV
Pushes Mode Robotic or mawaal Di_-_qe control
Tank Risetx/ITH

Inspec'ts "iV
Records Positionandslal_ _io_ Log
Aux. CCTV "IV

Adjusts Position Continuoes comrol
to

t.4 _ ttser CuttiagStrat_
mm,mTn
Choo_ cuto,_ Ope_ Log
Records Cutmder _im_ Log

1.5ActivateTWRMS

Inspects Readiness Visual
Inspects TV
Informs Mode Activation Verbalcommunk_ioe

Decides Mode Operable Compm_r
Receives Readiness Verbal communicatkm

Requests Readiness Verbal __
Decides Readiness full

TWRMS Cemreleemlmte_
Decides Mode _,mbte
Monitors Output signal in-band CRT
Positions Power On Discrete con_

TWRMS Eleetrkal power

• • • • • |



TsdsJe1. (_)

cempomaU
sy.,*-=m,ab _ sts, e Me.mdsctJmi

POsitions Power On Discrcsecomrol
T_ RMS remoees

Moaim_ Outputsignal tn-tm_ CRT
Positioas Pow_ 0,1 Discrc_ cmmot
TWRMS Mmlpebd_

L6 Ims_'t _ fmk)_"r

1.6.1 _ _ into

Adjusts Rme Coat_ coaa-oi ._
1.6.2 _ _ILU..S into _

C"hom_ Mode I_.ayhx-k _ com_
P_bes Mode Pl_back Discreteco_d

Mode Robotic Discre_
Chooses Mode Robo_ ormam_

Mode Stop Discretecoo_
Momtm3 Position in-band Worldmap

Position in-band TV
Moaitms Po_-tioa in-band Wormmap
Decides P_timt out-of-band
TWO.MS Rdmtk rmstt_

Mode

ii i III llHlr



Tabk 2. Usm"_ _ aml _ _ tl_ mgmtl miJm pham

s_,mm¢_ t_mmr sa_ _d_ti_
2.1Cm I_m_Ti'H

cempm_r_
Sequm_ opemic_ Log
Seq_m:e Opem_ Log

Inspects CRT
Pushes Mode Enable _ cormot
Pusb_ Mode Enable D_'t_e conrail

Wodd_qJ Cmt_ gg
Monitors Cutting In-band TV
Pushes Mode Suet _ control

Mode Stop Disc_.e conrad
Momtmm Pos_km _V

Adjusts Po_-tion Continuous control
Monitors Position World map

Positim CRT
Adjusts Position Contin_ cc_.roi
Pushes Mode Start Discretecoatrol

_mq, nma_
Monitms Mode Operable CRT
Pusl_ Mode Start Discrete control

Wodd map TWltMS
Monitors _tion CRT
Monitors Posi',km CRT

Adjusts Position Continmm_ ctmtxol
Adjusts IN_'tioa Contm control
Worldmap Ptayba_
Deck_ Mode Openble
Pushes Mode Enable _ control

Monitors Mode Opetabk TV
Pushes Mode Ovenide Disct_ comrol
l)ech_ Mode Ovenkk:
Pushes Mode Suet Discrete conur, l

Monitols Mode Operable CRT



TIi_ 7-(emtkmd)

S_ lmrmmer State Mesasd aceea
Monies Mode _ CltT
Pttshes Mode Override Discretecontrol
Decides Mode OvelTk_
Pushes Mode Sum _ contml
Pushes Mode Start Discretecontrol
World map Teach
Pushes Mode Stm Discrete comrol
Pushes Mode Stop Discrete

2.2 Remove Cm-up it_ Secttem
TWRMS
S_ _ Ope,attmsLog
P_em6e_ Smee,ce Ope_ims
Inspec_ CRT
Pushes Mode Enable Discretecontrol
Pushes Mode Enable Discretecontrol
Monitors Posit_-_n In-band TV
_mp Dat,_
Moniurs Mode Operable CRT
Pushes Mode Start Discretecoatroi
T'_S Ead
Inspects "IV

_ Discretecontrol
Mode Start Discreteco++,uol

Woddmap Gritq_ EE
Monitors _ EE In-band TV
Pushes Mode Start Discretecontrol
Pushes Mode Stop Discretectmtrot
Monitors Position "iV
Monitors Position World map
Adjusts Position Continuouscontrol
Adjusts Positioe Continuouscontrol
Monitors Position CRT
Pushes Mode Start Discretecontrol



S bem/vert, State Meansd
World map TWRMS
Adjusts Position Continuous control
Adjusts Position Continuous control
Monitors Position CRT
Monitors Position CRT
Monitors Position in-band CRT

World map Ptayback Playback Playback
Decides Mode Operable
Pushes Mode Enable Discrete control
Monitors Mode Olgfable "IV
Pushes Mode Override Discrete control

Mode Override

Pushes Mode Start Discrete control
Monitors Mode Operable CRT

Monitors Mode Operable CRT
Pushes Mode Override Discrete conh'_!
Decides Mode Oven'ide
Pushes Mode Start Dis_-_etecontrol

Mode Start D_e control

World map Teach Teach Teach
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control

2.3 Cha__radert_ Waste
TWlLMS

Inspects CRT
Monitors Position in-band TV

Computer map Data collection
Monitors Mode Operable CRT
Pushes Mode Start Discrete control
TWRMS End effector

Inspects TV
Pushes Subsurface mapping Discrete control
Pushes Mode Start Discrete control

, t

iiiii



Table2._
Cemlameal/

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

2.4 Remove Waste Layer
TWRMS
Remembers Sequence Operations Log
Remembers Sequence Operates Log
Pushes Mode Enable Discrete control
Pushes Mode Enable Discrete control
Monitors Position In-band "IV
TWRMS Elal.drerter

Decides "IV
xnspects
Pushes Subsurface mapping Discrete control
Pushes Mode Start Discrete control

World map TWRMS
Adjusts Position Continuous control

Adjusts Position Continuous control
Monitors Position CRT

Monitors Position CRT
Monitors Position in-band CRT

World map Playback Playback Playback
De_ides Mode
Pushes Mode Enable Discrete control
Monitors Mode Operable TV
Pushes Mode Override Discrete control
Decides Mode Ore n_ale
Pushes Mode Start Discrete control
Monitors Mode Operable CRT
Monitors Mode Operable CRT

I Pushes Mode Override Discrete control
Decides Mode Override



Table 2. (continued)
Component/

Subfunction System/verb parameter State Means of action
Pushes Mode Start Discrete control

Pushes Mode Start Discrete control

World map Teach Teach Teach
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control

World map Waste removal EE
Monitors Gripper EE in-band TV
Pushes Mode Start Discrete control

Pushes Mode Stop Discrete control

Adjusts Position Continuous control
Monitors Position CRT
Monitors Position TV

Adjusts Position Continuous control
Monitors Position World map
Pushes Mode Start Discrete control

to

2.5 Remove Residual Waste
TWRMS

Records Operations Log
Inspects TV
Remembers Sequence Operations Log
Remembers Sequence Operations Log
Pushes Mode Enable Discrete control
Pushes Mode Enable Discrete control
Monitors Position in-band TV
TWRMS End effector

Inspects TV
Pushes Subsurface mapping Discrete control
Pushes Mode Start Discrete control

World map TWRMS
Adjusts Position Continuous control
Monitors Position CRT

Adjusts Position Continuous control
Monitors Position CRT

t : • i t



Table 2. (continued_
Component/

Subfnnction System/verb parameter State Means of action
Monitors Position In-band CRT

World map Playback Playback Playback
Decides Mode Operable
Pushes Mot, e Enable Discrete control

Monitors Mode Operable TV
Decides Mode Override
Pushes Mode Override Discrete control
Pushes Mode Start Discrete control

Monitors Mode Operable CRT
Monitors Mode Operable CRT
Decides Mode Override
Pushes Mode Override Discrete control
Pushes Mode Start Discrete control
Pushes Mode Start Discrete control

World map Tank deaning EE z_
Monitors Cleaning EE In-band TV
Pushes Mode Start Discrete control
Pushes Mode Stop Discrete control

Adjusts Position Continuous control
Monitors Position TV
Monitors Position World map

Adjusts Position Continuous control
Monitors Position CRT
Pushes Mode Start Discrete control

World map Teach Teach Teach
Pushes Mode Start Discrete control

Pushes Mode Stop Discrete control



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

Component/
Subfunction System/verb parameter State Means of action

3.1 Remove TWRMS from SST
TWRMS
Chooses Mode

3.1.1 Remove TWRMS from SST
TWRMS
Positions Mode Manual Discrete control
Monitors Position TV

Adjusts Rate Continuous control

3.1.2 Remove TWRMS from SST
TWRMS
Pushes Mode Robotic Discrete control
Chooses Mode Robotic or manual
TWRMS TWRMS platform
Pushes Mode Stop Discrete control ,..ao
Monitors Position in-band World map
Monitors Position in-band TV
Decides Position out-of-band
TWRMS Robotic routine
Pushes Mode Start Discrete control

3.2 Remove Aux. CCTV System from SST
Aux. CCTV
Chooses Mode
Positions Mode Manual Discrete control
Pushes Mode Robotic Discrete control
Chooses Mode Robotic or manual
Monitors Position TV

Adjusts Rate Continuous control
Aux. CCTV CCTV platform
Pushes Mode Stop Discrete control
Monitors Position in-band World map
Monitors Position in-band TV
Decides Position out-of-band
Aux. CCTV Robotic routine
Pushes Mode Start Discrete control



51

Table 4. User functions for each crew member

• 1. Insert WARMSEquipment into SST
1.1 Activate Aux. CCTV system
Prepare for Aux. CCTV activation

" Chief Monitorsystemstatus
Restartsystem

Monitor Monitorsystem status
Communicatewith outside

Activate Aux. CCTV system
Chief Monitorsystemstatus

Restartsystem
Monitor Monitorsystem status
Verify Aux. CCTV functioning
Chief Visuallymonitorend-effectoroperations

Convergestereocameras
Iriscamera
Pan camera
Roll camera
Select camera
Tilt camera
Zoom camera

Monitor Visuallymonitorend-effectoroperations
1.2.1 Insert Aux. CCTV System into SST
Manually insert Aux. CCTV into tank
Chief Aurallymonitorremote sounds

Monitorcollision avoidancesystem
Visuallymonitordeployment
Monitorsystemstatus
Manuallymaneuveraux.

Monitor Aurallymonitorremotesounds
Monitorcollision avoidancesystem
Visuallymonitordeployment
Monitorsystemstatus

Robotically insert Aux. CCTV into tank
Chief Aurallymonitorremotesounds

Monitorcollision avoidancesystem
Visuallymonitor deployment
Initiateroboticdeploymentsequence

Monitor Aurallymonitorremotesounds
Monitorcollision avoidancesystem
Visually monitordeployment
Monitorsystemstatus

1,3. Inspect Tank Interior
Inspect tank interior using Aux. CCTV
Chief Visuallymonitorend-effectoroperations

Convergestereocameras
Iriscamera
Pan camera

. Roll camera
Select camera
Tilt camera
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Table 4. (continued)
Zoom camera

Monitor Visuallymonitorend.effectoroperations
Monitorsystemstatus
Maintainoperationslog

1.4.DevelopRiserCuttingStrategy
Developandrecordrisercuttingsequence
Monitor Maintainoperationslog
1.5.ActivateTWRMS

Prepare for TWRMS activation
Monitor Monitorsystem status
Activate TWRMS
Chief Monitorsystem status

Restartsystem
Monitor Maintainoperationslog
Verify TWRMS functioning
Chief Aurallymonitorremote sounds

Monitormanipulatorforces
Monitor manipulatorsensordata
Visuallymonitorend-effectortrajectories
Manuallycontrolendeffector using positioncontrol
Manuallycontrolend effector using rate control

Monitor Aurallymonitorremote sounds
Monitor manipulatorforces
Monitormanipulatorsensor data
Visually monitorend-effectortrajectories
Monitorsystem status
Maintainoperations log

1.6.1 Insert TWRMS into SST
Manually insert TWRMS into tank
Chief Monitorfunctions

Aurallymonitorremotesounds
MonitorcoUisionavoidance system
Visuallymonitordeployment
Monitorsystem status
Manuallymaneuveraux.

Monitor Aurallymonitorremote sounds
Monitorcollision avoidancesystem
Visuallymonitordeployment
Monitorsystemstatus

1.6.2 Insert TWRMS into SST
Robotically insert TWRMS into tank
Chief Aurallymonitorremotesounds

Monitorcollision avoidancesystem
Visuallymonitordeployment
Initiateroboticdeployment sequence

Monitor Aurallymonitor remote sounds
Monitorcollision avoidancesystem
Visuallymonitor deployment
Monitorsystem status
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• 2. Remove'Waste LaYers ....... Table 4' (continu_) ..........................
2.1. Cut Rtsers/ITH
Map waste surface

• Chief Monitorsystem status
Engage acousticproximity sensor.basedsurfacemapping
Engage laserrangefinder-basedsurfacemapping
Engageoptical proximitysensor-_ surfacemapping
Engage structuredlight.based surfacemapping

Monitor Monitorsystemslaws
Maintainoperationslog

Teachrisercuttingsequence
Chief Visually monitormanipulatorposition

Visuallymonitorplaybackon worldmodel
Engage automaticplayback
Engagesemiautomaticplayback
Engagestep-th.roughplayback
Engageteaching
Manuallycontrolendeffectorusingpositioncontrol
Manually controlend effector usingrate control
Manuallymake teachinginputs

Monitor Maintainoperationslog
RobotieaUycut rlsers/rrH
Chief Aurallymonitorremotesounds

. Monitorend-effector sensorclam
Monitormanipulatorforces
Monitormanipulatorsensor data

• Visuallymonitorend-effectoroperationson video
Visuallymonitorend-effectorurajectorieson video
Visually monitormanipulatorpositionon worldmodel
Detect watchdogaction
Monitorsystem status
Engage automaticplayback
Engage semiautomaticplayback
Engage sensor-basedobstacleavoidance
Engage step-throughplayback
Engage end effector
Convergestereo cameras
Disengageend-effector tracking
Engage end-effectortracking
Iriscamera
Pan camera
Roll camera
Selectcamera
Tilt camera

. Zoom camera
Monitor Aurallymonitorremote sounds

Monitorcollisionavoidance system
• Monitormanipulatorforces

Monitorend-effectorsensordata
Monitormanipulatorsensordata
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................................ Table,,&(_ntinu_) ........
vis lymonitorend opemUo.,o.Video........
Visuallymonitorend.effectortrajectoriesonvideo
Visuallymonitormanipulatorpositiononworldmodel
Maintainoperationslog

Manuallycut risers
Chief Aurallymonitorremotesounds

Monitorcollision avoidancesystem
Monitorend.effector sensordata
Monitormanipulatorforces
Monitor manipulatorsensordata
Visuallymonitorend-effectoroperationsonvideo
Visuallymonitorend-effectortrajectoriesonvideo
Visuallymonitormanipulatorpositiononworldmodel
Detectwatchdogaction
Monitorsystemstatus
Engagesensm'-basedobstacleavoidance
Enpge endeffector
Convergestereocameras
Disengage end-effectortracking
Engage end-effector tracking
Iriscamera
Pan camera
Roll caa_ra
Selectcamera
Tilt camera
Zoomcamera

Monitor Aurallymonitorremote sounds •
Monitorcollision avoidancesystem
Monitormanipulatorforces
Monitoreod-effectorsensor data
Monitormanipulatorsensordata
Visuallymonitorend-effectoroperationson video
Visuallymonitorend-effectortrajectorieson video
Visually monitormanipulatorposition on worldmodel
Maintainoperationslog

2.2RemoveCut-upRhuer/rrHSections
Exch,,use cutting end effector for gripper
Chief Aurallymonitorremotesounds

Monitorcollision avoidancesystem
Monitorend-effectorsensor(Sam
Monitormanipulatorforces
Monitormanipulatorsensordam
Visuallymonitorautomatedend effector
Detectwatchdogaction
Monitorsystemstatus
Initiateautomatedend-effectorchange,out
Manuallycontrol end effector usingposition control
Manuallycontrolend effector using ratecontrol
Convergestereocameras
Disengageend-effectortracking
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......... ........ Table4. (_n]JnU,_) ....................
" Engageend.effectortracking

Iris c_mem
cram

' RoUcamera
Selectcamera
Tiltcamera
Zoom camera

Monitor Aurallymonitorremotesounds
Monitor collisionavoidanceayslem

,: Monitor manipulator forces
Monitor end-effectorsensordata
Monitor manipulator sensor dam
Visually monitor automated end effeclor
Visuallymonitorend-effoctoroperndonson video
Vimudlymonitorend-effectortrajectorieson video
Visuallymonitormanipulatorpositionon worldmodel
Maintainoperationslog

Map wastesurface
Chief Monitorsystemsmms

Engage acousticproximitysensor-basedsurfacemapping
Engagelaserrangefinder.based surfacemapping
Engageopticalproximity sensor-breedsurfacemapping
Engagestructuredlight-bu_surfacemapping

, Monitor Monitorsystemstatus
Maintainoperations log

Teach riser removal sequence
• Chief Visually monitor manipulatorpositionon worldmodel

Vismdlymonitorplaybackon worldmodel
Engageautomatic playback
Engagesemiautomaticplayback
Engageslep-lhroughplayback
Enpge leaching
Manually controlend effector usingpositioncontrol
Manually controlend effectorusingnile control
Manuallymaketeachinginpuls

Monitor Maintainoperationslog
Roboflcallyremoverisers/rTH
Chief Aurallymonitorremotesounds

Monitorcollisionavoidance system
Monitorend-effectorsensordata
Monitormanipulatorforces
Monitormanipulatorsensordam
Visually monitorend-effectoroperationson video
Visuallymonitorend-effectortrajectorieson video

. Visually monitormanipulatorpositionon worldmodel
Detectwatchdogaction
Monitorsystemstatus

• Engageautomaticplayback
Engage semlaummadcplayback
Enpge sensor.basedobstacleavoidance
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..................................... _ .... Table4, (continu_) , .......... r

EnpBe step.through playback
Engageend effector
Convergestereocameras
Disenilageend-effectortracking
Enplleend.effector tracking
Iriscamera
Pancamera
Rollcamera
Selectcamera
Tilt camera
Zoomcamera

Monitor Aurallymonitorremotesounds
Monitor collision avoidancesystem
Monitor manipulatorforces
Monitorend-effectorsensordata
Monitormanipulatorsensordata
Visually monitor end-effectoroperationson video
Visuallymonitorend-effectortrajectorieson video
Visuallymonitormanipulatorpositionon worldmodel
Maintainoperat/ons Io8

Manually remove risers
Chief' Aurally monitorremoterounds

Monitor collision avoidance symem
Monitorend.effecmrsensor dam
Monitormanipulatorforces
Monitormanipulatorsensordam
Visuallymonitorond-effectoroperationson video
Visuallymonitorend-effectortn_jectodeson video
Visually monitormanipulatorposit/onon world model
Detect watchdogaction
Moniux systemstares
F.npse sonsor.basedobstacleavoidance
Engageendeffecu_
Conveqle mereocameras
Disengage end-effecmrtracking
Engage end-effectortracking
Iriscamera
Pan camera
Roll camera
Selectcamera
Tilt camera
Zoom camera

Monitor Aurally monitorremotesounds
Monitm"collision avoidmw,e system
Monitormanipulatorforces
Monitor end.effector sensordata
Monitormanipulatorsensor data
Visuallymonitorend-effectof operationson video
Visuallymonitormd-effcctor trajectorieson video
Visuallymonitormanipulatorpositiononworldmodel
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Tnb!e4,(c_ntinu_) ................................

. n.no=uons los
2.1CbarscterlH Waste
F,xchaqe IPripperfor msppiq endeffector
Chief MonitorcoUistonavoidancesystem

Monitorend-offecmrsensordam
Monitormanipulmorforces
Monitor manipulatorsensordam
Visually monitor sutonmte,d end effoctm
l_lecl wmchdol action
Monilorsystemslams
Initle automatedend-effectorchanieout
Manuallycontrolendeffectorusingpositioncontrol
Manmdlycontrolendeffectorusinll rotecontrol
Conversestereocameras
Dilenlpqleend.effecuxtr_kinll
Enipqleend-effecmruzkinll
IrisrAunem
Panr_unem
Roll
Seloctcamera
Tilt camera
Zoomcamera

Monitar Aurallymonitor remote sounds
, MonitorcoUislon avoidancesystem

Monitormanipulatorforces
Moniim'q_l-eff_tm' sensordam
Monitornumipuloc sensorcla
Visuallymonitorautomatedendeffector
Vimily monitorend-eff_lor operllflonson video
Visuallymonitoremxl-effoclorinljoctorioson video
Visually monitormanipulatorposition on worldmodel
nln omions Io8

Map wm/e surface
Chief Monitorsystem slams

Enplle acousticproximity Nnwr-basod ran'facemapping
Engagelaser rangefinder-bued surfacemapping
Enple opticalproximitysensor-basedsurfacemapping
Enilqle muctured light-basedsurfacemapping

Monitor Monitorr/Mm sims
MaintainoperationsIo8

iA. RemoveWasle Layer
Emchanllemapping EE for wmm_removal EE
Chief Monitor collision avoidancesyslem

Monitor end-effector sensor i
. Monitormanipulatorforces

Monitor manipulator sensordata
Visuallymonitorautomatedendeffecmr

• Detect wau:hdogacdon
Monllorsystemsmms
lniihit automatedend-effeclorclumgeout
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............... Tab_ 4.(q_nthued)......

Manuallycontrolendeffectortall ratecontrol
Convergestereocameras
Disenip_eend-effectortrackinl
Enp_eend-effectortricking
Iriscamera
Panc_meru
RoUcamera
Selectcamera
Tiltcimerl
Zoomcimenl

Monitor AundlymonitorremoWammcb
MonitorcoUiiionavoidanceiylltem
Monitormantpulmorfot_es
Monitoread-effectorsensori

_tlor mnipultor tensorli
Visuallymonitorautomatedendeffector
Visuallymmttorend4ffectoropemUonsonvideo
Visuallymonitorend-effecto¢_ onvideo
Visuallymonitormanipulatorpmttioeonworldmodel
MinudnoperationsI_

Teecbwsmeremovalsequence
Chief Viily monitormanipulatorpositiononwm'ldmodel

Vitally monitorpLtybackonworldmodel
Enplp_aul_ playback
EnlPtllemmiaulmnaticplayl_k
Enllltie8iep-thnXlllhplaylxgk
Enpie tetlhlnll
lliuldly controlendeffectormini positioncontrol
Manuallycontrolendeffectorusinlratecontrol
Manuallymaketeachinlinputs

Meelu lln operationslog
Iltobotlc_yremovemine
Chief Aurallymonitorremotesounds

MonitorcoU_k)navoidancesymn
_ilm' ead-effectorsensorit
Monitormanipui_ forr_
MonitormanipulatorNnsordata
Visuallymonitorend.effectoropemdmmon v_o
Visuallymonitorcmd-eff_tortmjc_toriuonvideo
Visuallymonitormanipulatorpositionon worldmodel
Detectwatchdogagdon
Monitor_st_ situs
Enplgeaulmnadcplayback
Enplgeaemiautonm_playtmck
Engageminor.treedobma:leavoidance
EnllUestep.throughplayback
Enlptleendeffector
Convergememoemma
Dbenlpqgeend-effectorIrac_ni
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" Enipqeend-effectortracking
Iris camera
Pancamera

Q

Rollcamera
Select carom

Tilt camera
Zoom camera

Monitor Aurally monitor remote sounds
Monitorcollision avoidancesystem
Monitormanipulatorforce8
Monitorend.effectorsensordam
Monitormanipulatorsensordata
VimMlymonitorend-effectoroperationsonvideo
Visuallymonilorend-effeclorUxjec_ onvideo
Visuallymonitormanipulatorpositiononworld model
Maintain opefadons1o8

Manuallyremovewaste
Chief Aurally monitor remotesounds

Monitorcollision avoidancesysmn
Monitor end.effector sensordata
Monitormanipulatorforces
Monitormanipulatorsensordata
Visuallymonitoreml-effectoroperationson video

- Visuallymonitorend-effectormb_tor_ on video
Visually monitormanipulatorpositiononworldmodel
Demc, w_Mos ,cdon

- Moni_ systemstatus
Enpile tuNer-treedobsm:leavoidance
Enlpqe endeffecux'
ConvergeInemo
Dtsenl;q;eend-effectortracking
Enip_e end-effector tracking
Iris camera
Pancamera
Roll camera
Selectcamera
Tilt camera
Zoom camera

Moniw Aurallymonitor remotesounds
Monitorcollision avoidancesystem
Monitormanipulatorforces
M.onil_ end-effecwr sensordata
Monitormanipulatcxrsensordata
Visually monitorend-effectoroperationson video

. Visually monitorend-effecloru'ajectorioson video
Visuallymonitormanipulatorpositiononworldmodel
Maintain operations log

" 2.S. Remove Residual Waste
Exehanse warn removal FIEfor
cleain8
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Tlble 4,(continu_) .................
Cn 'r...................... .....yMonitorcollisionavoidances st,ran

Monitorend4ff_tm_n_r
Monitormanipulatorforcm
Monitormanipulatorsensordata
Visuallymonitorautomatedendeffector
Detectwatchdogaction
Monitorsystemstatus
InitiateaummauKlend.effecmrchangeout
Manuallycontrolend-effeclorusingpositioncontrol
Manmdlycontrolend-effoctorusingrate_trol
Convergestereocameras
Disengageend-effectorUlcking
Engageend-effeclortracking
Iriscamera
Pancamera
Rollcamera
Selectcamera

i Tiltcamera
Zoomcamera

l_ottor Aurallymonitorremotesounds
Monitorcollisionavoidancesystem
Monitormanipulatorfotgm
Monitorend-effecux'sensordata
Monitormanipulatorsensordata
Visuallymoniux'automatedendeffector
Visuallymoniuxend-effectoroperationson video
Visuallymonitorend-effeclorU'g_ctmieson video
Visuallymonl_ manipulatorportion on worldmodel
Maintainoperationslog

Tmcb tankcleainl sequence
Chief Visuallymonitormanipulatorpositionon worldmodel

Visuallymonitorplaybackonworldmodel
Engageautomaticplayback
Engagesemiautomaticplayback
P_pg© slzp-throughplayback
Engageteaching
Ivhmu_lycomrolendeffectorusingix_ttioncontrol
Manuallyconurolend effectorusingrotecontrol
Mmlmdlymaketeachinginputs

Monitor Maintainoperationslog
removermMuawaste

Chief Aurallymoni_ remotesoun_
Monitorcollisionavoidancesym_n
Monitorend-effectortemordata
Monitormanipulatorforces
Monitormanipulatorsensordam
Visuallymonluxrend-effecloroperationson video
Visuallymonilorend-effeclortraj_lorieson video
Visuallymonitormanipulatorpositionon worldmodel
Detectwsuchdol_set/on
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Table4. (continuN)
i J, l i i i _ i ........... i iiii ,1111 L i lluil i Ti i iiii, ii L ,J ......

• Monitorsystemstatus
EngaSeautomaticplayback
EnPlIe semiautomaticplayback

° Ensase sensor.heed obstacleavoidance
Ensase step-throughplayback
Engageendeffector
Convergestereo cameras
Disengageend.effectortracking
Engageend-effectortracking
Iriscamera
PancJ._em
Rollcamera
Selectcamera
Tilt camera
Zoomcamera

Monitor Aurallymonitorremotesounds
Monitorcollision avoidancesystem
Monitormanipulatorforces
Monitorend-effectorsensordata
Monitor manipulatorsensordata
Visuallymonitorend-effectoroperationson video
Visually monitorend-effectortrajectorieson video
Visuallymonitormanipulatorpositionon worldmodel

• Maintain operations log
MnuaUy remove residualwaste
Chief Aurallymonitorremotesounds

- Monitor collision avoidancesystem
Monitorend.effector senmr data
Monitormanipulatorforces
Monitormanipulatorsensordata
Visuallymonitorend-effectoroperationsonvideo
Visually monitor end-effectortrajectorieson video
Visually monitormanipulatorpositionon worldmodel
Detectwatchdogaction
Monitorsystemstatus
Engage sensor-basedobstacle avoidance
Engageendeffector
Convergestereocameras
Disenpge end-effector tracking
Engage end-effector tracking
Iris camera
Pan camera
Roll camera
Select camera

, Tilt camera
Zoomcamera

Monitor Aurallymonitorremotesounds
• Monitorcollision avoidance system

Monitormanipulatorforces
Monitorend-effectorsensor data
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Table 4. l[continued)
Monitormanipulatorsensor dam
Visually monitorend-effectoroperationson video
Visually monitorend-effectortrajectorieson video
Visually monitormanipulatorposition on worldmodel
Maintain operations log

Inspect tank interior
Chief Visually monitorend-effectoroperations

Convergestereocameras
Iris camera
Pan camera
Roll camera
Select camera
Tilt camera
Zoomcamera

Monitor Visually monitorend-effector operations
Monitor systemstatus
Maintain operations log

3. Remove WARMSEquipment from SST
3.1.1. Remove TWRMS from SST
Manually remove TWRMS from tank
Chief Aurallymonitorremotesounds

Monitorcollision avoidancesystem
Visually monitordeployment
Monitorsystemstatus
Manually maneuveraux.

Monitor Aurally monitorremotesounds
Monitorcollision avoidance system
Visually monitordepioymmt
Monitorsystem status

3.1.2. Remove TWRMS from SST
Robotic:allyremove TWRMS from tank
Chief Aurallymonitorremotesounds

Monitorcollisionavoidancesystem
Visually monitordeployment
Initiateroboticdeploymentsequence

Monitor Aurallymonitorremote sounds
Monitorcollisionavoidancesystem
Visuallymonitordeployment
Monitorsystemstatus

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

Monitorcollision avoid_ace system
Visuallymonitordeployment
Monitorsystemstatus
Manuallymaneuveraux.

Monitor Aurallymonitorremote sounds
Monitorcollision avoidaace system
Visually monitordeployment
Monitorsystemstares
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Table 4. (continued)
" 3.2. Remove Aux. CCTV System from SST

RoboticaHyremove Aux. CCTV from tank
Chief Aurallymonitorremotesounds

" Monitorcollision avoidance system
Visually monitordeployment
Initiateroboticdeploymentsequence

Monitor Aurallymonitorremote sounds
Monitorcollision avoidancesystem
Visuallymonitor deployment
Monitorsystemstatus
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3.2.3 Panel Groups

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

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

3.2.3.1 TWRMS chief

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

Table S. Panel groups for the TWRMS chief

Panel type Paneldescription

Display groups 1.System statusmonitors

2. Remote viewing
3. Remotesound

4. Collision avoidance

5. Manipulatoroutputs

6. Worldmap

7. End-effectoroutputs

Controlgroups 1. Power(startup)
2. Cameracontrols

3. AuxiliaryCCTVsystem maneuvering

4. Manipulatorinputs

5. TWRMSplatformmaneuvering

6. Remote mapping

7. Virtualmaneuvering

8. End-effectorinputs

9. Roboticoperations
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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 turning the end effector on or off. This control may be integrated into another panel,
perhaps manipulator inputs. There are also natural couplings between some displays and
controls: (1) The remote viewing display panel will be manipulated by the camera control 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 TWRMS
chief. Table 6 lists a revised set of panel groups for the TWRMS chief.

Table 6. Revised/control display panel groups for the
TWRMS chief

Panel type Panel description

Display groups I. System status

2. Remote viewing
3. Remote sound

4. Collision avoidance

5. Manipulator outputs
" 6. Worldmap

7. End-effector outputs

Control groups 1. Power (startup)
2. Cameracontrols

3. Platform maneuvering

4. Manipulator and end-effector inputs

5. Remote mapping

6. Virtual maneuvering

7. Robotic operations

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

" required during each task.

3.2.3.2 TWRMS monitor,q

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



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

prinmry dtisld_ IPrl_ madrol St,,eoml_ diqd_ Semodmr'ycontrol Terlbu'y_ Trrtbry _
Mlabn Flnw II S_d_adlm Td _ _ land land _

1. _ WARMS !.! Activate Aux. Pn_w_ for Aux. None No_ Nmz None None No_

t into CCTVsystem CCTVactivation

I. InsertWARMS I.I Activate Aux. Activate Aux.CCTV Sysl_mstatuspanel Power panel None None None None

lnncntinto CCTVsysu_m sys_'m

!. lme_rtWARMS I.IAclivmeAux. VerifyAux.CCTV Remo_ viewing Cang_ controlpm_ Syswm statuspmel PowerImnel None Noue

mpment into CCTV system functioning panel

I. Inse_ Wal_ I-2InsertAux. Chooseinse_on None None None None None None

_pment into CC'Z'Vsystem mode (manmd(_intoSST robotic)

I. Insert WARMS 1.2.I InsertAux. Manuallyinsert Aux. Remoteviewing Platfmmmaneuver- Systemstatuspanel Power panel Renwaesoundpanel Nome
CCTVsystem _ into tank panel ing plmel

_pment into intoSST

I. InsertWARMS !.2.2 InsertAux. Robotical_ixi_nsert" Remmeviewing Roboticoperations Systemstarespanel Powerpanel Renm*esoundpanel Platfmm_ver-

_pna_t into intoSSTCCTVsystem AuX.tankCCTVinto panel pmmel ing panel

1. ln.u_ WARMS !.3 Inspecttankin- Inspecttankinterim" Remoteviewing Cameracontrolpanel Systemstatuspanel Plat/onn_- Remote sound panel Robtmcopenttiot_ O_

_.T_t into terior usingAux.CCI'V panel lug panel panel

I.InsertWARMS 1.4Develop riser Develop andrec'md None None None None None None

_Ll_t into cuttingstrategy risersequencecutting

I. Insert WARMS 1.5 ActivateLRM Preparefor _ None Ia,_Nme None None Noae None

oment into system activation

I. InsertWARMS I-5 ActivateLRM Activate_ System statuspanel Power pa_l None None None None

pmcnt into system system
Platfm'mnumeuver- Sys_m sum_panel Powerpanel

Insert WARMS system fun_oning panel effector inputs panel ing panel
!. _L_ pmcntinto ! 3 ActivateLRM VexifyLRM Remoteviewing lvlanipulmOrpanelandend- Manipulmoro-_

I. _ WARMS 1.6 InsertLRMsys- C_g_e insemon None None None None Noac None

_qxuent into teminto SST mode(manualorrobotic)

I. InsertWARMS 1.6.I InseNLRM Manuallyinsert Remoteviewing Plmfmmmaneuver- Systemstatuspanel Powerpanel Remote soundpanel None

pmcnt into system intoSST LIEMimo tank panel ing panel

htse_ WARMS 1.6.2 InsertLRM Roboticallyinsert Remoteviewing Roboticope_ Systemstatuspanel Powerpanel Remote.soundpanel Platformmaneuvef-!. ing pa_Z

mlxnentinto systeminto SST LRMintotank panel panel

4

I •



Table 8. PaL3e_!groups for t_e TWRMS chief during each task in the second mission phase

Prlmm? dkplny _ _ _dnry display _-_ _m;_ Tr_,-y _--_-_ T¢_._ _,,.;._
t-_:::,_:___t_--_- 2 _-----'_---==----fi_-- Trade_ m_m*l pud Imael pmtd Immd

2. Remove waste 2.1 Cutrisers/ITH Mapwaste surface Worldmappanel Remotemapping Systemstatuspanel Came_ co_m'-_l_,_,_: Re_m_ ,,-ie_m_. None
layers panel panel

2. Remove waste 2. ! Cut risers/rrH Teach riser cutting Worldmappanel Virtualmaneuvering Remoteviewing Cameracontrolpanel None Mampulal_wetrf_.tcwinlw_am!t-rid-
layers sequence panel panel panel

2. Remove waste 2.1 Cut risers/ITH Roboticall) cut Remoteviewing Roboticoperations Worldmappanel Manipulatorandend- Remoteumnd panel Manipulmcwoutpms
layers t4sers/T_I pmlel effectorinputs panelpanel

2. Remove waste 2.1 Cut risers/rrH Matmallycutrisers Remoteviewing Manipulatorandend- Maniptdatmoutputs Camet_conerols Remote _und panel None
layers panel effecterinputs panel panelpanel

2. Remove waste 2.2 Remove cut-up Exchangecutting Remote viewing Roboticoperations Worldmappanel Mampulatorandend- End-effectmomits None
layem riser/rrH ead-effectorfor panel panel effectotinputs panel

sections gripper panel

2. Remove waste 2.2 Remove cut-up Mapwaste surface World mappanel Remote mapping System statuspanel Cameracontrolpanel Renmteviewing Naae
laye_ riser/ITH panel panel

sections
2. Remove waste 2.2 Remove cut-up Teachriser nenmval Worldmappanel Virtualmaneuvering Remote viewing Cameracontrolpanel None Mmupu"latmeflecttwinpmsandend-

layers riser/ITH sequence panel panel Panel
sections

2. Remove waste 2.2 Remove cut-up Robotcailyremove Remoteviewing Roboticoperations Worldmappanel Mampulatoram/end- Remote ._und panel Mampulatc_romput_
layers riserBITH risers/ITH panel effectet inputs panelsections panel ¢_,

2. Remove waste 2.2 Remove cut-up Manuallyremove Remoteviewing Manipulatorandend- Manipulmoroutputs Cameracomml_ Remote._oundpanel None
layers riser/]TH risers panel effectof inputs panel panel

sections panel

2. Remove waste 2.3 Characterize Exchangegripperfor Remote viewing Roboticoperations Wmldmappanel Manipulattwand end- FJtd-eflectmouq_t_ None
layers waste mappingend panel panel effecttwinlmt_ paneleffector panel

2. Remove waste 2.3 Characterize Mapwaste surface World mappanel Remote mapping Systemstatuspanel Cameracontrolpanel Reme4ev_ewtng H_me
layers waste panel panel

2. Remove waste 2.3 Characterize Determinewaste End-effectorouqputs Remotemapping Retm_ viewing Cameracontrolpanel System _lalu_panel Ntme
layers waste composition panel panel panel

2. Remove waste 2.4 Remove waste Exchangemapping Remoteviewing Roboticoperations Worldmappanel Manipulatoraadend- End-effectmoutpm_ Noae

layers layer removalEEfor wasteEE panel panel effeCtmpanelinputs panel

2. Remove.waste 2 4 Remove waste Teachwafaeremoval Worldmappanel Virtualmaneuvering Remoteviewing Cameracontrol panel Noee Mamlmlmorandend-
layers layer sequence panel panel eflfeCtmpanelinput_

2. Remove waste 2.4 Remove waste Roboticallyremove Remote viewing Roboticoperations Worldmappanel Manipulattwandend- Remote _end panel Mamputatc_ outpm_
layers layer waste panel effect_ inputs panelpanel

2.Removewaste 2.4 Remove waste Manually remove Remoteviewing Manipulatorandend- Manipulalmoutputs Cameracotmols Renm_ soundpanel None
layers layer was_ panel effector inputs panel panelpanel

2. Remove waste 2.5 Ren_ve residual Exchangewaste Remoteviewing Roboticoperations Worldmappanel Manipulam_andend- FJ_d-effecmrr_q_ Noae
layers waste removalEE for panel panel effect_ inputs panelcleaningEE panel

2. Remove waste 2.5 Remove n.sidual Teachtankcleaning World mappanel Virtual maneuvering Remote viewing Cameraconuol pm_l None Mampulat,w-.rodcad-
layers waste sequence panel panel effet.'_mp;mel"Vsm_



Tslde 8. (amthlmd)

Primm? dislptsy Prtmm? amtml Semmdm?_ Semmdm?amtmt Tedim? _ TL-,_.-_ ,.m.;,,,_
M_.m _ z __ Trek pare4 ti_ prod _ _ t_m4

2. Removewas_ 2.5Removeresidual _y remove Remote_ Roboticopermmm Worldmapimmel Muimlamr amdend- Remo_soundpamei M_q_,,_--- ,_w_

layers _ r,_! _ p_! pmd
panel

2. Remove wu_ 2.5 P.cmo_ n:sidual Impect umkinan'ior Remotevicwir_ C.mnc_comol imzl Systan ssamspine4 Pt_orm Rcmo_somKtm_'_ _ oecr-_k,m
layers wasme panel amseuveri_ pmel pancl

oo
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Table 9. Panel groups for the _ chief din'trig esch task in the third _lJa_

Mkkn Elan 3 _ T-t' innd pad _ _ _

3.RemoveWARMS 3.IRemoveLRM Chooseremoval None None Noue None Neae Hon_

mpmem from syMemfrom mode(mmuale_SST _)

3.RemoveWARMS 3.1.IRemoveLRM Maritally_move Remme viewinl Plalformmmeuvet- Sygems_mspmel PenvefISa_q Remme soudpmel Ncme
syssemfrom LRM fromtank panel i_ _1

3.RemoveWARMS 3 1.2RemoveLRM Robae_dly remove P.em_e ,_,wing Robolicope_aiom Sysaem_m pmel _ panel _ mu_l pine4 i'la_otm m.3_-mx'_-

_m_at from SST_from t._ fromt_ pm_ p_t _"J
3. Remove WARMS 3.2 Remove Aux. Choose removal None None None None Nkme

me_ from curv system mode(nmmaiorfromSST robotic)

3.RemoveWARMS 32 RemoveAux M,mually_ove Remoeeviewing lqadormmmeuver- Sy,_-m._amspmnel Powerpanel Remme smmdpaael Noae
CCTV sy_em Aut CCTV from panel i_gpa_!

tpmemfroth fn'wnS_ tank

3.RemoveW_,MS 32RemoveAul Rflh_call7_move Rt'mo_vK,winq_ Robo_ _ Sysaem_ _ Powerpanel Remme _ pameq Plla_cmm_x_r-

nentfrom CC'TV,ty,_u.m Aut CO'P,' frown panel panel mg panelfromSST tank

!
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Table 10. Panel groups for the TWRMS
monitor

....... Hll I I I I I 11111101 I III I II IIII I ...........
*

...... panel_ ,. Paneldescflption

Displaygroups I. System statusmonitors
2. Remoteviewing
3. Remotesound
4. Collision avoidance

5. Manipulatoroutputs

6. Worldmap

7. End-effectoroutputs

Controlgroups 1. Power(stanup)
2. Communications

3. Operationslog

In additionto these functionsrequire_lby theassignmentof responsibilitiesin the task analysis,
other control functions could be addedso that the TWRMSmonitor can assist the TWRMSchief
during periods of high workload. These functions are cameracontrols, 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 prlorltized list of the panel groups for the TWRMS
monitorduringeach mission phase, subfunction,and task.

Table 11. Revised set of control/display panel

. pups for the TWRMS monitor

paneltype ,paqe!descrip
Display groups 1. System status

2. Remoteviewing
3. Remote sound

4. Collision avoidance

5. Manipulatoroutputs

6. Worldmap

7. End-effectoroutputs

Controlgroups 1. Power (startup)
2. Camera controls

3. Remote mapping

4. Virtualmaneuvering

5. Roboticoperations
6. Communications

7. Operationslog
i



Talde 12. pmtel groulm for the TWRMS nmdtm" during each tlmk in the _ _ _

_Jmr_ _ rdm_ umuv Secmh_ dlqe_ smmn_ ueV T_,eq_ Terem7c_u_
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qus_ Nc_e
1. lnsegtWARMS 1_5ActivateLRM PzelmefogLRMac- Nome Hone Hone lqeae Nk-:
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!. lm_ WARMS 1.6.1lmat LRM Mamall?imen llM pa_mo_viewimg C_memcomu_Immel S_ smmsImmd Nome No_ Neme
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4. REMAINING STEPS IN THE PROJECT

The thirdphase of the task (after function analysis and task mlalysis) will be to develop
conceptualdesi_ of control panels,workstations,and the controlroom layout. In this phasethe
panelgrouporsanizationdevelopedin the firstphasewill be translatedinto recommendationsfor
arrangingphysical componentsin the control room.The outcome of this phase will be a set of
conceptualdesign drawingsdescribingworkstationand controlroomlayoutconcepts.

4.1 CONTROL PANEL DESIGN

Controlpanels arethe b_Aldtngblocks of workstationdesign and include all displays and
controls necessary for one operatorto performan activity for which he is responsible. The
outcome of this partof the task will be conceptualdesigns for all of the control panels required
by each memberof the crew. This step will use the panel groups identified in the task analysis
and the flow chaps (at the task element level) to optimize the arrangementot displays and
controlswithinpanels.

4A WORKSTATION DESIGN
o

Workstationsinclude control panels andsupportingequipment.Some crew membersmay
requiremultiplepanels(e.g..a control panel to turnon andinitialize theequipmentanda control
panel to conductmanipulatoroperatiom);workstationswill be designed to integrate or separate
multiple control panelsas necessaryto optimize userefficiency. Workstationswill also support
the users by providingroom for manuals, storage,etc. The outcome of this pan of the task will
be conceptual design drawings for workstations, including recommendations for displays,
controls, cabinets, andseating.This step will use the panel groups and task analysis flowcharts
(at the task and subfunctionlevels) to optimize the arrangementof control/displaypanels within
workstations.

4.3 CONTROL ROOM LAYOUT

The final stage of thedesign phase will be to integrateworkstationsinto a controlroom.The
control room layout will optimize cooperation and communication among users of separate
workstations. The outcome of this part of the task will be a conceptual design drawing for a
recommendedlayout of workstationswithin 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 controlroom.
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$. SUMMARY

A task analysis wu condu_ to supportcontrol room conceptualdesign work for the
TWP_MS.Initially,the controlroomwill be deployed foran inl_grateddemonstrationof retrieval
technology, butit will also serve as a prototypefor a deployablecontrol room for waste retrieval
operations.

The study used exlsting TWRMS concepts to generatea campaignscenario;a formaltask
snalysis, using methods develop_ for nuclearpower plantcontrol morns,was conductedin this
scenario. The task analysis (I) vcflfled preliminarycrew size decisions, (2) allowed detaUcd
Mlocation of functions between members of a two.per*oncrew, (3) allowed organizationof
_mtml/dlsplay requirements for each crew member Into related groups, and (4) allowed
pdoritizaflon of panel groups based on mission stages. The resulting panel groups and
pdoritization will guide furore _ntrot/display panel _pmai design work. A task network
model developed alongside the task a_...lysis will also guide future control/display panel,
workstation,andcontrolroomlayoutconceptualdesign work.
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Modified Task Analysis Form for Waste Retrieval Manipulator System
....... _-_--_:_ -- ,- .........

Mission Phase: l. Insert TWRMS Equipment into SST
?--......................................

Sub_unc_on: 1. i. Activate Aux. CCTV System

Task Prepare for aux. CCTV activation Sequence: 1

Purpose: Get crew and equipment ready for start-up. DursUon: 0

Cue: Receive instructions to proceed

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

Comments:

................................................................................ communlcetion
Means of

El. No. Time Verb Group Parameter Slate Component System Other Obj. Action Respondent Content ...............

1 0 Inspects Perceptual readiness control visual
room oo

2 0 Requests Communicati readiness ........................................ Verbal crew readiness
on communicat "" repot t

• ion
3 Receives Communicati readiness .....aUX. "CCTV-............ verbal

on communicat
.................. ion

4 0 Decides Cognitive readiness full

5 0 Informs Communicati mode start aux. CCTV .......verbal crew warning
on communicat

__iOn ............

• t • f |



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST

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

Task: Activate aux. CCTV system Sequence: 2

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

Cue: crew and equipment prepared to activate system

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

Comments:

I

............................................. Communicetion
Means of

El- No. Time Verb Group Parameter State Component System Other Ob.L Action Respondent C0ntent .

1 0 Positions Motor power on electrical aux. CCTV discrete oo
power control t_

2 0 Positions Motor power on control aux. CCTV .............. discrete
computers control

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

4 0Decides Cognitive mode operable control aux. CCTV
computers

5 0 Positions Motor power on aux. CCTV ....aux_CCTV .......... discrete
remotes control

6 0 Monitors Perceptual output in-band aux. CCTV aux. CCTV CRT
signal remotes

7 0Decides Cognitive mode operable con£roi aux. CCTV
computers



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

Mission Phase: I. Insert TWRMS Equipment into SST

Sub-Func_on: I.I. Activate Aux. CCTV System

Task: verify aux. CCTV functioning Sequence: 3

Purpose: Make sure that the CCTV systems are function%ng properly and are Du_Hon: 0

Cue: Aux. CCTV activated

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

Comments:

Communication
Means of

El. No. Time Verb Group Pammetsr State Component System Other Obj. Action Respondent Content .....

1 0 Adjusts Motor position cameras aux. CCTV continuous Oo
control

2 0 Inspect ......a_. -cc-_ ...... computer

3 0 Decides Cognitive mode operable aux. C-_V - computer



| i
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Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 1. Insert TWRMS Equipment into SST

Su_.FuR_on: 1.2. Insert Aux. CC'IW System into SST
:._-_-_ _-- --:._-----_-- ............

Tas_ Choose insertion mode (manual or robotic) Sequence: I

Purpose: Select an insertion mode DuraUon: 0

Cue: Aux. C_'_ ' is ready for insertion

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

Comments:

....................................................... Communication
Meansof

El.No. _ Verb Group Parameter State Component System OtherObl, Action Respondent _nt
1 0 Chooses Cognitive mode robotic aux. CCTV oo

or manual t_



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: I. Insert TWRMS Equipment into SST

Sub-Funct_n: 1.2 .i Insert Aux. CCTV System into SST

TM_k: Manually insert aux. CCTV into tank Sequence: 2

Purpose: Carry out manual insertion DuIrllUOll: 0

CLq%: Insertion mode selected

D{MM_IpUon: After selecting manual insertion mode, manually control the insertion process

Cofllments: Branch I

CommunMatk_
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. A ctk)n Respondent ContDn___............

1 0 Positions Motor mode manual aux. _ discrete
control ooch

2 0 Adjusts Motor rate aux. CCTV continuous
control

3 0 Monitors Perceptual position .................................................aux. C_ TV



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: I. Insert TWRMS Equipment into SST

Sub-Fu_ol1: 1.2.2 Insert Aux. CCTV System into SST

TaSK Robotically insert aux. CCTV into tank Seqtleltce: 2

Purpose: Carry out robotic insertion EMJlIM_I: 0

Cue: Insertion mode selected

DesolpUon: After selecting robotic insertion *_,_de,_-itiate and monitor the insertion process

CorR--: Branch 2

_Mabo.
hns_ !

EL No. _ Verb Group Pa,ameter State Compo.ent System OtherO_. ......A__.___ Co._
1 0Pushes Motor mode robotic aux. CCTV discrete

control oo
_j

2 0Pushes Motor mode start robotic aux. CCTV discrete
routine control

3 0 Monitors Perceptual position in-band CCTV iUX-. C_ .... TV
platform

4 0 Monitors Perceptual position in-band CCTV aux. Ct'TV world map
! platform

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

6 0Pushes Motor mode stop CCTV aux. CCTV discrete
platform control

7 0 Chooses Cognitive mode robotic CCTV a_. c_
or manual platform



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: l. Insert TWRMS Equipment into SST

Sub-FultL'lJoN: 1.3. Inspect Tank Interior
.... : :x............. _--- ": -

Taslc Inspect tank interior using aux. CCTV SequeltcIE 1

Purpose: Use the aux. CCTV to examine the tank interior Durstk_: 0

CuQ: Aux. CCTV system in place and functioning

Des_ptlolt: After inserting the aux. CCTV, use it to inspect the tank interior.

Comments:

Conmmk=al_
Means of

EL No. Time Verb Group Pmmetsr Slate Component System Other Ob/. Action 1_ _ .........

I 0 Pushes Motor mode robotic aux. CCTV discrete
or manual control oooo

2 0 Adjusts Motor position TV camera a_. CCTV ....... continuous
cont ro 1

3 0 Inspects Perceptual risers/ITH tank TV

4 0 Records ........-co-_unica---t-ip-os-ition .........................r-isers/ITH tank Opera tions
on and status Log

• i J '
I



Modified Task Analysis Form for Waste Retrieval Manipul_or System

Mission Phase: i. Insert TWRMS Equipment into SST

Sub-FuR&lJom: 1.4. Develop Riser Cutting Strategy

TB_C Develop and record riser cutting sequence Sequent. 1

PUIIMMM: Determine the order for cutting risers and ITH and record the seq OuraUolt: 0

Cue: Risers/ITH noted and described '_

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

Com_

U_a,s o_

1 0 Chooses Cognitive cut order risers/ITH Operations oo
Log

2 0 Records Communicati cut order ................r-isers/iTH Operations
on Log



Modified Task Analysis Form for Waste Retri_.-al Manipulator System

Phase: i. Insert TWRMS Equipment into SST

_J_Joll: 1.5. Activate LS,M System

Tuk_ Prepaxe for LRM activation _ 1

Get crew and equipment ready for start-up. _ 0

Aux. £_FV in tank

After receiving instructions to proceed, prepare the crev and equipment for LRM system activation.

kd

_No. TImeVwb _ ParmeW SUn, Compon_tSymm OUm'OW. AcU_ _ _
1 0 Inspects Perceptual readiness control visual

room
O

2 0 Requests Communicati readiness ......_ ............... verbal crew readiness
on communicat report

............................ ion

3 0 Receives Communicati readiness LRM verbal
on c_municat

....... ion
4 0 Decides Cognitive readiness full LRM

5 0 Informs Communica ti-_-ode- ........... activa%-ion ............. _ verbal crew warnir_
on coamunicat

................................................................... ion



Modified Task Ana_s Form for Waste Retrieval Manipulator System

_FNMse: 1. Insert TWRMS Equipment into SST

_rM_n: 1.5. Activate LRM System

Talk: Activate LRM system _ 2

Turn on the LRM system I_ 0

Crew and e_uip_mnt prepared to activate system

_: After preparing the crew and _il_ment for activation, turn on the [J_ system

Comimdcalm
kd

tU.No.T_Vwb _ _ Strum Cona_ Syttmm _Obl. _ .... nmpomam_
I 0 Positions Motor power on electrical LRM discrete

Power control 4D

............ 2 .... 0 PO--S--it'ions _tor power on control LRM discrete
computers cont ro I

...............3.........-O-_._oni_.ors........Pe-rceptua i outer in-band control _ CRT
signal computers

computers

................5-- 0 Positions ........._tor- ............ power on T_H _ discrete
remotes control

signal remotes



Modified Task Analysis Form for Waste Retdev_ IL_ System
............................................. -- __

_huBe: 1. Insert TWRMS Equipment into SST

1.5. Activate LRM System

TII_Ic Verify LRM functioning _ ]

Make sure that the LRM systems are functioning properly and are r _ 0

LRM activated

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

kd
m.No._meVerb _oup ParanmUrSUn C_mpcummSyUm OkrOM. AcUon nespencUnt_ ........

1 0 Inspects Perceptual LRM 'IV

2 0 adjusts Motor position manipulato LRM continuous
r control

3 0 Decides .... Cognitive mode operable .........._ computer



ModifiedTask Analpds Form for Wrote Retrieval ILhnipulator Syslem

_ i. Insert TWR_.S Equil_nt into SST

1.6. Insert LRM Systen into SST

T_ Choose insertion mode (manual or robotic) _ 1

Select an insertion mode _ 0

LRM is ready for insertion

After (leciding that the LRM is ready for insertion, c_ecid_ whether to use manual or robotic insertion mode.

Cmmmmf_amon
mbmmm _

I 0 Chooses C_tive mode LRM



luttlllll,--lllll

IIII1_IIIll_IIII1_IIII1_im_





Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: l. Insert TWRMS Equipment into SST

Sub-Function: 1.6.1. Insert LRM System into SST

Task: Manually insert LRM into tank Sequence: 2

Purpose: Carry out manual insertion Duration: 0

Cue: Insertion mode selected

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

Comments:

Communication
Means of

El. No. Time Verb Group Pemmetsr State Component System Other Obj. Action Respondent Cont____e_nt.................................
1 0 Positions Motor mode manual LRM discrete

control

2 0 Adjusts Motor rate LRM continuous
control

3 0 Monitors Perceptual position LRM TV



a •

Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: I. Insert TWRMS Equipment into SST

Sub_uncUon: 1.6.2. Insert LRM System into SST

Task: Robotlcally insert LRM into tank Sequence: 2

Purpose: Carry out robotic insertion Duration: 0

Cue: Insertion mode selected

Descr|_ion: After selectlng robotic insertion mode, initiate and monitor the insertion process

Comments:

communica_on ........
Means of

El. No. Time Verb Group Psrem_ State Component System Other Obj. Action Respondent Content

1 0Pushes Motor mode robotic LRM discrete
control

r-- .

2 0 Chooses Cognitive mode playback LRM discretecontrol

3 0Pushes Motor mode playback LRM discrete
control

4 0 Monitors Perceptual position in-band LRM LRM world map
platform

5 O Decides Cognitive mode operable robotic LRM
routine

6 O Pushes Motor mode start robotic LRM discrete
routine control

7 0 Monitors Perceptual position in-band LRM LRM TV
platform

8 0 Monitors Perceptual position in-band LRM LRM world map
platform

9 0Decides Cognitive position out-of- LRM LRM
band platform

i0 0Pushes Motor mode stop LRM LRM discrete
platform control

~



Modified Task Analysis Form for Waste Retrieval Manipulator System
ii 0Decides Cognitive mode operable LRM

or

. inoD_._able ...................

12 0 Chooses Cognitive mode robotic LRM
or manual

_D
C_



Modified Task Analysis Form for Waste Retrieval Manipulator System

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

Sub-Function: 2.I. 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

Descr|pt|ol1:After the LRM is operational inside the tank, create a computerized map of the waste surface including the
positions of any risers or ITH present.

Comments:

Communication
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Content ..................

1 0 Pushes Motor mode start data computer discrete
collection map control --I

2 0 Monitors Perceptual mode operable data computer .............. CRT
collection map

3 0 Inspects Perceptual computer CRT
map



Modified Task Analysis Form for Waste Retrieval Manipulator System

MissionPhase: 2. Remove Waste Layers

Sub4FuncUon: 2. i. c_t Risers/ITH

Tuk: Teach riser cutting sequence Sequence: 2

Purpose: Teach the system to do riser/ITH cutting DuraUon: 0

Cue: Map completed

Descllp|iol1: After mapping the waste surface, teach the system to cut the risers/ITH into pieces manageable by the removal
system.

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

Communication
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Conten t ....

1 Pushes Motor mode start teach world map discrete
control _D

Oo

2 Remembers Cognitive sequence ............................... risers/ITH Operations
Log

3 0 Adjusts Motor position LRM world map continuous
control

.......4 0 Monitors Perceptual positi_o-n ..............................._ .............worid m--ap CRT

discrete5 0 Pushes Motor mode start cutting EE world map
control

6 0 Pushes Motor mode ......._st0p ...........teac------h.............-world- maP ............ discrete
control

.......7 "-_-6_she-s..........-Mo£or..... mode start playback world map discrete
control

..........8 ........0 M-onitors ..... Perc-eptuai mode " operabie piayback world map CRT

.......9 ......O _cides ......... Cognitive --m0de .....override .......pi-ayback world map

.....10 _ -O-Pus-he--s.............Moo£or ............mode ........ over-ride ---playback world map discrete
control



ModifiedTask Analysis Form for Waste Retrieval Manipulator System
ii 0 Adjusts Motor position LRM world map continuous

control

----i2 ........ 0Mo----nito-rs .......... per-ceptual--posit-ion ............................... LRM-................. Woricl map .... cRT

13 0 Pushes ...........................................................................................................................Motor mode start playback world map -discrete
control

_D
_D



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

Mission Phase: 2. Remove Waste Layers

Sub-FuncUo,: 2.1. Cut Risers/ITH

Tas_ Robotically cut risers/ITH Sequence: 3

Purpose: Cut risers/ITH robotically DuroUon: 0

Cue: Cutting program taught

DescripUon: After the cutting program is taught, execute and monitor the program, intervening manually as necessary.

Cofltlllents: Elements 4-11 would occur repetitively

Communication
Means of

El. No. _me Verb Group Parameter State Component System Other Obj. Action Respondent C_ontent ...................

1 0Decides Cognitive mode operable playback

2 0Pushes Motor mode enable LRM ................. discrete
control

3 0Pushes Motor mode start playback LRM discrete
control

4 0 Monitors Perceptual mode operable playback LRM TV

5 0 Monitors Perceptual mode operable playback world map CRT

6 0Decides Cognitive mode override playback LRM

7 0Pushes Motor mode override playback LRM ................ discrete
control

8 0 Adjusts Motor position cutting EE LRM ................. c0ntinuous
control

9 0 Monitors Perceptual position cutting EE LRM TV

.......10........0 M--0nitors .... PercePtU-al -posit--ion ............................c-ut--t-ing-EE world map



Modified Task Analysis Form for Waste Retrieval Manipulator System
II 0 Pushes Motor mode enable playback LRM di screte

control

0



Modified Task Analysis Form for Waste Retrieval Manipulator System
.............................. - ______.-c_: _r--_ .......... --

Mlss_n Phase: 2. Remove Waste Layers

Sub-FuncUon: 2. i. cut Risers/ITH

T_ Manually cut risers Sequence: 4

Purpose: cut risers under manual control DuraUon: 0

Cue: Map completed

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

Comments:

Communication
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent conten t_......................

1 0 Pushes Motor mode enable LRM discrete
control O

_J

2 0 Remembers Cognitive sequence .....................risers/iTH Operations
Log

3 0 Adjusts Motor position cu--t-ti-ngEE--iRM-.......... continuous
control

4 0 Monitors Perceptual position cutting EE LRM .................. CRT

5 0 Pushes Motor mode start cutting EE LRM discrete
control

TV6 0 Monitors Perceptual cutting in-band cutting EE LRM

7 0 Pushes Motor mode stop cutting EE LRM discrete
control



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

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

Task: Exchange cutting end-effector for gripper Sequence: 1

Purpose: Discard the cutting end-effector and attach the gripper so that s Duration: 0

Cue: Risers/ITH cut into sections

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

Commen_: This should be done automatically.

................................. Communication
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent C.ontegt ............

1 Pushes Motor gripper end- LRM discrete
effector control Ot_

change discrete
2 0Pushes Motor mode start end- LRM

effector program control

3 0 Monitors Perceptual position in-band LRM TV

CRT
4 0 Monitors Perceptual position in-band LRM world map

5 0 Inspects Perceptual ....................-en-d- ................L_ ...... Tv
effector



Modified Task Analysis Form for Waste Retrieval Manipulator System

Miss_n Phase: 2. Remove Waste Layers

SL_b4FuncUon: 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

Descf_Jom: 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:

Communlcat_.
Means of

EL No. Time Verb Group Parameter State Component System Other Oh|. Action Respondent Co_t ..................

1 0 Pushes Motor mode start data computer discrete

collection map control

CRT2 0 Monitors Perceptual mode operable data computer

collection map

3 0 Inspects Perceptual computer CRT
map



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mlsslon 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 DuraUon: 0

Cue: Map completed

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

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

Communication
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Content ..............

1 Pushes Motor mode start teach world map discrete
O icontrol Ln

2 Remembers Cognitive sequence risers/ITH Operations
Log

3 0 Adjusts Motor position LRM world map continuouscontrol

4 0 Monitors Perceptual position LRM world map CRT

5 0Pushes Motor mode start gripper EE world map discretecontrol

6 0Pushes Motor mode stop teach world map discretecontrol

7 0pushes Motor mode start playback world map discretecontrol

CRT
8 0 Monitors Perceptual mode operable playback world map

9 0Decides Cognitive mode override playback world map

I0 0pushes Motor mode override playback world map --discr_e -control



Modified Task Analysis Form for Waste Retrieval Manipulator System
II 0 Adjusts Motor position LRM world map continuous

control

12 0 Monitors Perceptual position LRM world map CRT

13 0Pushes Motor mode start playback world map discrete
control



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

Mission Phase: 2. Remove Waste Layers

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

Task: Robotically remove risers/ITH Sequence: 4

Purpose: Remove riser/ITH sections robotically. Duration: 0

Cue: removeting program taught

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

Comments: Elements 4-11 would occur repetitively

....

-- Communication
Meansof

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Content ...........

1 0 Decides Cognitive mode operable playback O
-j

2 0 Pushes Motor mode enable LRM discrete
control

3 0 Pushes Motor mode start playback ....L_ ................ discrete
control

4 0 Monitors Perceptual mode operable playback LRM ............. TV

5 0 Monitors Perceptual mode operable playback world map CRT

6 0 Decides Cognitive mode override playback LRM

7 0 Pushes Motor mode override playback ......LRM- ................. dis zrete
control

8 0 Adjusts Motor position gripper EE LRM continuouscontrol

9 0 Monitors Perceptual position gripper EE LRM TV

i0 0 Monitors Perceptual position ......g---r-ippe-r EP. L--RM....... world map



ModifiedTask Analysis Form for Waste Retrieval Manipulator System
Ii 0 Pushes Motor mode enable playback LRM discrete

control

0
oo



• I
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Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

Sub-Furtc1Jon: 2.2. Remove Cut-up Riser/ITH Sections

Task= Manually remove risers Sequence: 5

Purpose: Remove riser/ITH sections manually. Duration: 0

C_Je: Map completed

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

Comments:

Communication
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Content ...........

1 0 Pushes Motor mode enable LRM discrete k.a

control

2 0 Remembers Cognitive sequence risers/ITH Operations
Log

3 0 Adjusts Motor " position ............. gripper EE LRM continuous
control

4 0 Monitors Perceptual position- .........................gr-ipper-E-E
CRT

5 0 Pushes Motor mode ........star-t--- .... gripper EE L_ ..... discrete
control

6 0 Monitors Perceptual gripper EE in-band gripper EE LRM .................. TV

7 0 Pushes Motor mode stop gripper EE LRM ............... discrete
control



ModifiedTask Analysis Form for Waste Retrieval Manipulator System

Mmsio. Phase: 2. Remove Waste Layers

Sub_u,ct_n: 2.3 Characterize _;:_ste

............................................. _- ..... :-. _ .....

Task: Exchange gripper for mapping end-effector Sequence: 1

Purpose: Discard the gripper and attach the sub-surface mapping end-effect Durstlon: 0

Cue: Risers/ITH sections removed

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

Comments:

Communication
Means of

El. No. Time Verb Group Parameter S_te Component System Other Obj. Action Respondent Content
1 Pushes Motor sub- end- LRM discrete

surface effector control _-
mannin_ O

2 0Pushes Motor mode start end- ---L_ ............ c-hinge discrete
effector program control

3 0 Monitors Perceptual position in-band ..........._RM ..... TV

4 0 Monitors Perceptual position in_-_nd- ....._ ................worid map ..... CRT

5 0 Inspects Perceptual end- LRM TV
effector

a i • i i



ModifiedTask Analysis Form for Waste Retrieval Manipulator System

M_skm Phase: 2. Remove Waste Layers

Su_ltc_on: 2.3 Characterize Waste

Tssk: Map waste surface Sequence: 2

Purpose: create a computerized map of the waste surface and the risers/ITH Dur_: 0

CTNE Sub-surface mapping end-effector in place

D_C_: 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.

Commem_

Communication
Means of

_-No. Time Verb Group Parameter StatJ Component System Other Obj. Action Respondent Content .......

1 0 Pushes Motor mode start data computer discrete --
collection map control _.

2 0 Monitors Perceptual mode operable data ........computer CRT
collection map

3 0 Inspects Perceptual ............................................................computer .... CRT
map



Modified Task Analysis Form for Waste Retrieval Manipulator System
....................................................................... - --;_-_-__:z_-_v_ - _...... _--c-_--_--_ - _:-_ .... _......... _ .

MMmkm Phase: 2. Remove Waste Layers

_: 2.3. Characterize _aste

Tmdc Determine waste composition Sequer_e: 3

Pu_: Decide what the waste is like, that is, its consistency, composit Du_: 0

Cue:. Map completed

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

Comme,b_.

Communication
Means of

ELNo._ V,d, Gro.p Pm.,,et,r _ Compo.e.t Syst,m OtherObj. AcUo. Sesponde.t_Cg.t_nt.....
1 0Decides Cognitive compositio waste

n etc. layer
_J

2 0 Records Communicati compositio .................. waste Operations
on n etc. layer Log



Modified Task Analysis Form for Waste Retrieval Manipulator System

Phase: 2. Remove Waste Layers

Sub-Ful_: 2.4. Remove Waste Layer

Tas_ Exchange mapping EE for waste removal EE Sequence: 1

p_. Discard the sub-surface mapping EE and attach the waste removal e DumUon: 0

Cue: waste layer mapped and characterized

Descf4p_: After the waste has been described and the description recorded, change the mapping end-effector for the
appropriate waste removal end-effector

Cam_mamt_

, _un_tkm
Means of

ELNo._ VeftD Qroup P_an.eZx SZm ComponentSystem Other_ Respondent._t ..............
1 0 Decides Cognitive end- LRM ..

effector "_J

2 0 Pushes Motor ........................s---u-b-.........en(1-..... LRM discrete
surface el factor control

3 0 Pushes 'Motor .......m-ode-.........start end- _ change discrete
ef factor program control

4 0 Monitors " PerceP£uai -_sit-ion in-band " LRM TV

5 0 Honitors Perceptual- _sition ..... i-n-band - _RM ........ worid map CRT

6 0 Inspects Perceptual .....................an--d--...........LRM ..... TV
effactor



Modified Task Analysis Form for Waste Retrieval Manipulator System

MissionPhase: 2. Remove Waste Layers

S_: 2.4. Remove Haste Layer

TIS_= Teach waste removal sequence S_. 2

Ptl_: Teach the system to do waste removal DU_: 0

Waste removal end-effector in place

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

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

C_mm_
Meansof

__ No. Tkne Verb Group Pammet_ Stm, Compommt Systm OtherOb_ AcUo. aespandent _t ....
1 Pushes Motor mode start teach world map discrete

control -"

2 Remembers Cognitive sequence ......................................... waste Operations
Log

3 0 Adjusts Motor position LRM world map continuous
control

4 0 Monitors Percep-t-_i position LRM world map CRT

........--5 .....0 Push-es ...............M-otor ....... re°de .... start ...........-was-te ..... world map discrete
removal EE control

_ 6 0 Pushes Motor mode stop teach world map discrete
control

7 0 Pushes ......Mo---tor .... mod-e .........star-t .............piaybaCk •world map ' discrete
control

.... 8 .......-5 Son'ors .........{ercep£uai - m_e ............o_rable .....pi-aYback world map CRT

.....9 ......0 _'i(_es ...........-Co_i tire mode override pl ay-back world map

.........i0 ......0-_shes - _t0r- ...... m_e ........ 0war ride ....playback world map discrete

control L

• • Q t t



Modified Task Analysis Form for Waste Retrieval Manipulator System
II 0 Adjusts Motor position LRM world map continuouscontrol

12 0 Monitors Perceptual position ........................_ ............... _rid map CRT

13 0 Pushes Motor mode start playback world map discretecontrol



Modified Task Analysis Form for Waste Retrieval Manipulator System

MMskm Phase: 2. Remove Waste Layers

Sub-Fu_m: 2.4. Remove Waste Layer

Task: Robotically remove waste SequeNce: 3

purpose:..Remove waste layer robotically. Dt_: 0

Waste removal program taught

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

_. Elements 4-11 would occur repetitively

Commurm_dMm
Means 04

EL No. 1"line Verb Group Parameter State Component System Other Obj. Action Respondent Content .........

1 0 Decides Cognitive mode operable playback

0%

2 0 Pushes Motor mode .......enabl--e............... _ _ discrete
control

3 0 Pushes ..........M-otor............m0d-e.........s-tar£..... piayback LRM discrete
control

4 0 Monitors -PercePtual-- mod-e....... o_rable playback _ TV

5 0 Monitors Perceptual mode operable playback world map CRT

6 0 Decides Cognitive mode override playback LRM

7 0 Pushes 44otor mode override playback LRM discrete
contro 1

8 0 Adjusts Motor position waste LRM continuous
removal EE control

........ --6-- _ 0M----on;It0-r--s.......... Per-ceptual i_c)-s_iti(_n .................. _w-aste.... _ TV
removal EE

---I0-- ......0---M-0-nitors......Perceptu-ai _position ................waste-...... LRM world map
removal EE

.............................................



Modirmd Task Analysis Form for Waste Retrieval Manipulator System
11 0 Pushes Motor mode enable playback LRM discrete J

control !

k.e



Modified Task Analysis Form for Waste Retrieval Manipulator System
......................... ._-c_- -_.--.- _- _- - ; __

M_s_n Phase: 2. Remove Waste Layers

Sub-FultcUolt: 2.4. Remove Waste Layer

T_ Manually remove waste S_: 4

PU_: Remove waste layer manually. DuratioN: 0

Cue:. waste layer mapped and characterized

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

Comments:

CommunkmUo,
k_4

ELNo._,, V,,t, _ _ ram, _ sysmm OtherOb_ m_k,. _ _ ............
1 0Pushes Motor mode enable LRM discrete

control --
oo

2 0 Remembers Cognitive sequence waste Operations
Log

3 0Adjusts Motor ............ [:_si£ion ......................... waste _ _ continuous
removal EE control

4 0 Monitors Perceptual position waste LRM CRT
removal EE

5 0Pushes Motor mode start waste LRM discrete
removal EE control

6 0 Monitors Perceptual gripper EE in-band waste LRM TV
removal EE

7 0Pushes Motor mode stop waste LRM discrete
removal EE control



Modified Task Analysis Form for Waste Retrieval Manipulator System

MissionPhase: 2. Remove Waste Layers

Sub4FuncUon: 2.5. Remove Residual Waste
._ - _ + ++_+_+

Task: Exchange waste removal EE for cleaning EE Sequence: 1

Puq_me: Discard the waste removal end-effector and attach the cleaning EE DpraHon: 0

Cue: Last waste layer removed

Descr|pt|on: After the last layer of waste is removed, exchange the waste removal EE for the cleaning EE.

Comments:

Communication
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Content ........

1 0 Pushes Motor sub- end- LRM discrete
surface effector control _m
maoPinq .......

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

TV
3 0 Monitors Perceptual position in-ban(1 LRM

4 0 Monitors Perceptual position in-band LRM world map CRT

end - LRM .............. TV5 0 Inspects Perceptual
effector

+



Modified Task Analysis Form for Waste Retrieval Manipulator System

Mission Phase: 2. Remove Waste Layers

SubgFuncUon: 2.5. Remove Residual Waste

Task: Teach tank cleaning sequence Sequence: 2

Purpose: Teach the system to do tank cleaning Duration: 0

Cue: Tank cleaning end-effector in place

Descriptio.: After charging end-effectors, teach the system to remove the residual waste.

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

Communication
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Content .............

1 Pushes Motor mode start teach world map discrete
control t_)

O

2 Remembers Cognitive sequence ...................wasre Operations
Log

3 0 Adjusts Motor -po-si-tion ...........................L_ ..... world map continuous
control

.................................... world map CRT4 0 Monitors Perceptual position LRM

5 0Pushes Motor mode start tank world map discrete
cleaning control

6 0pushes Motor mode stop teach world map discrete
control

7 0pushes Motor mode start playback world map discrete
control

8 0 Monitors Perceptual mode operable playback world map CRT

- °

9 0Decides Cognitive mode override playback world map

i0 0pushes Motor mode override playback world map discrete
control



• m

Modified Task Analysis Form for Waste Retrieval Manipulator System
II 0 Adjusts Motor position LRM world map continuous

control

12 0 Monitors Perceptual position LRM world map CRT

13 0Pushes Motor mode start playback world map discrete
control



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

Mission Phase: 2. Remove Waste Layers

Sub-FuncUon: 2.5. Remove Residual Waste

.......... -_-_ ........... _ ......

TBSk: Robotically remove residual waste Sequence: 3

Purpose: Remove waste layer robotically. DumUon: 0

Cue: Tank cleaning program taught

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

Comments: Elements 4-11 would occur repetitively

Communication
Means of

El. No. Time Verb Group Parameter State Component System Other Obj. Action Respondent Co_nt_ent ................

1 0 Decides Cognitive mode operable playback
FJ

2 0 Pushes Motor mode enable LRM ................................discrete
control

3 0 Pushes Motor mode start playback LRM .................. discrete
control

4 0 Monitors Perceptual mode operable playback -LRM .............. TV

5 0 Monitors Perceptual mode operable playback world map CRT

6 0 Decides Cognitive mode override playback LRM

7 0 Pushes Motor mode -ov--err-id-e.....pla-yba c k......._ ..... discrete
control

8 0 Adjusts Motor position tank LRM ............... continuous
cleaning control

9 0 Monitors Perceptual position tank LRM TV
cleaning

10 0 Monitors Perceptual position tank LRM world map
cleaning



Modified Task Analysis Form for Waste Retrieval Manipulator System
II O Pushes Motor mode enable playback LRM discrete

control



Modified Task Analysis Form for Waste Retrieval Manipulator System

phase: 2. Remove Waste Layers

_: 2.5. Remove Residual Waste

TaSk: Manually remove residual waste _: 4

Remove waste layer manually. _: 0

_. Waste layer mapped and characterized

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

C_mmun_s_

_ No._ V_ Gro,p Pwweaw _ Compoeef_Symm OtherObj. k__-,,_ _ _ ............
1 0Pushes Motor mode enable LRM discrete

control

2 0 Remembers Cognitive sequence ..............................._s£e---Operations
Log

3 0Adjusts Motor position tank .............._ .................... continuous
cleaning control

4 0 Monitors ......Per ceptLal----_s ition tank LRM CRT
cleaning

5 0Pushes ...........Mo£or ............mode .....Start tank LRM discrete
cleaning control

6 0Monitors Perceptual cleaning in-band tank LRM TV
EE cleaning

7 0Pushes Motor mode stop tank LRM discrete
cleaning control

• o



Modified Task Analysis Form for Waste Retrieval Manipulator System

_: 2. Remove Waste Layers

_. 2.5. Remove Residual Waste
................................ _---r____--;:--_- • _ ................ ...........-_....

Tmak: Inspect tank interior _ 5

Inspect the interior of the tank after cleaning and record the st _: 0

Waste cleaning completed

After cleaning the tank. inspect the tank and make a record of its status.

Omnmm1_

k_

I 0 Inspect tank _;
interior

L_

2 0 Record tank Operations
interior Log



Modified Task Analysis Form for Wast8 Retrieval Manipulator System

Ig_m1Ogl_: 3. Remove TWRMS Equipment from SST

3. I. Reaz_e LRM System frm SST
- -=: _ ........ _

Taak: Choose removal mode (:anual or robotic) S_ I

Select a removal mode _ 0

Tank inspection _le'-ed

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

1 0 Chooses Cognitive mode LRM ---



Modified Task Analysis Form for Waste _ Manipulator Syslmn

_: 3. Remove TWRMS 'Equipment from SST

3. I.I. Remove LRM System fram SST

T_ Manually remove LRM from tank _ 2

Carry out manual removal _ 0

Removal mode selected

After selecting manual removal mode, manually control the removal process

kd

t_No.'r_wd= _ t_ _ _ _ Ot_OU£____ _ _ .........
I 0 Positions Motor mode manual LRM discrete .-

control t,3

2 0 Adjusts Motor rate ..... M ............ continuouscontrol

3 0 Monitors .............................................................................................Perceptual position M Tv



Mod_ Task Analysis Form for Waste Retrieval Manipulator System

PhM_: 3. Remove TWRMS Equipment from SST
.......................................................

3.1.2. Remove LRM System from SST

Tsik: Robotically remove LRM from tank SIN_itC_ 2

PmTNNN _ Carry out robotic removal _ 0

CgE Removal mode selected

After selecting robotic removal mode. initiate and monitor the removal process

C0mme_

k_

mN.. _ V,n _ _ mm _ _ oh, oN. _ _ ._ ......
1 0 Pushes Motor mode robotic _ discrete

control

2 0 Pushes Motor mode start robotic _-- ...............................discrete "
routine control

3 0 Monitors Perceptual position in-band LRM LRM TV
platform

4 0 Monitors Perceptual position in-band LRM LRM world map
platform

5 0 Decides Cognitive position out-of- LRM LRM
band platform

6 0 Pushes Motor ........_-_ ................stop .................._ _ discrete
plat form cont ro I

..........7 0 Chooses .......C_iti_ _ ..............ro_otiC
or manual



J g
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Modified Task Analysis Form for Waste P,eldeval Man_lator System

_: 3. Remove TWRMS Equi_t from SST

S_: 3.2. Remove Aux. CCTV System from SST

TIBJ[: Choose removal mode (manual or robotic) Sequem¢_ I

PUtlXMIE Select a removal mode _ 0

CU_ LRM removed

After deciding that the aux. CCTV is ready for removal, deci(le whether to use manual or robotic removal mode.

Comnmn_

abi_
eLm_._ Verb _.W PmmW Sin, _ Symm O_rOt+ _, R_p,mxmw_ ....................

1 0 Chooses Cognitive mode aux. CCTV
_o
_D



Modified Task Analysis Form for Waste Reldeval Ma_or System
................................................................. -. --- --.__:_::-- .........._ : _---_ ._:- -- _ .......

l_IMle: 3. Remove TWRMS Equipment from SST

3.2. Remove Aux. CCTV 5_istem from SST

TSJc Manually remove aux. CCTV from tank Sequmt¢_ 2

Carry out mature1 removal DtmlS0a: 0

Removal mode selected

After selecting _Lnual removal mode, manually control the removal process

C0mnmm_

ke4

1 0 Positions Motor mode manual aux. CCTV discrete
control t_

O

2 0 Adjusts Motor rate aux. CCTV continuous
control

3 0 Monitors Perceptual position .....................................a_"-_ ................. TV



Modir_d Task Ar_lysis Form for Waste Rebteval Manipulator System

Mission Phase: 3. Remove _ Equipment from SST

_j/_P-_adlcm: 3.2. Remove Aux. CCTV System from SST

Tlulk: Robotically remove aux. CCTV from tank _ 3

Carry out robotic removal _ 0

CUe: Remoual mode selected

After selecting robotic removal mode, initiate and monitor the re_oval process

CoammmE

Memm of¸

No._m V_ mo.p Pm_w S_m _ Symm OUwObk_j_ _ _ ...............................
I 0 Pushes Motor mode robotic aux. CCTV discrete

control

2 0 Pushes Motor mode start robotic aux. CCTV discrete
rout ine control

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

...........4........OMonitors- .............._rc-eptua-i _sition .........in-_ ............_ ....... a_. _ world map
platform

................._..........0-_i-_s ................c-_.i-tire-" _si tion ....out -_Of_.........._ aux._
band platform

6 0 Pushes Motor mode stop CCTV aux. C_ discrete
plat form controi

.......7 0 Chooses ........-C_it ire ....._e ...................roi:)o-tic.........................aux .-_
or manual
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