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Executive Summary

The operational Supervisor Work Space (SWiS Federal Aviation Administration (FAA) Air
Route Traffic Control Centers (ARTCCs) contains as many as eight corlyases systems, in
addition to other equipment, reference materials, and supplies. As facdiied aew systems,
they placed them in space that was available. This evolution has led to clutter\miSher§e
FAA plans to introduce two new systems, the En Route Automation Modernization (ERAM)
system and the En Route Information Display System (ERIDS)that8 WS.

The FAA En Route and Oceanic Service tasked the FAA William J. Hughes Tecbeital
Human Factors (HF) Team - Atlantic City, ATO-P, to collect data on (a) thent( WS layout
of the ARTCCs, (b) the current usage of computer systems, and (c) the curremhproble
encountered with the configuration. They also tasked the HF Team to deViehitecd number
of standardized design options to integrate ERAM and ERIDS into the work spacenner ma
that optimally supports the supervisors in performing their daily tasks.

After reviewing available documentation and discussing th& 8 tasks with operational
supervisors, the researchers prepared a survey totéoflarmation (monitor sizes, location in the
work area, equipment usage during a typical shift, and usage difficulties) about fineeom
systems in the SWS. The En Route Supervisors Committee distributed the .s\fkieeys
received completed surveys from 35 areas of specialization in 20 ARTCCs.s@éachers also
visited five of the facilities to observe supervisors interactiitly the SWS. There were two
common SWS layouts. In the most common layout, thergisp€s desk is perpendicular to the
rows of equipment in the operations area and the supervisor is seated in thesla&aciag the
operations area (Exterior layout). Typically, there are two equipmekd catiocated with the
desk. In the second layout, the supervisor is seated inside the operations area witarhis or
back to the operations area (Interior layout). The desk width is extended and thésassane
extended shelf above the desk. Typically, the supervisor uses the communications egiipment
the controller workstation located adjacent to the desk. Thene Wwowever, a small number of
alternative layouts (e.g., desk parallel to thamgent rows, split areas), but these were funclipna
equivalent to the Exterior layout.

The supervisors reported using the computer systerher(aionitoring or interacting with them)
approximately 50% of the time during a typical shifthaltgh there were wide variations in the
time estimates. They use some of the systems very frequently and otheeselglyif at all.

Not all operations areas have all the systemsimtimediate SWS (e.g., some are shared between
areas) and, in many cases, multiple systems slgsplay monitor and input devices. With three
exceptions, the responding supervisors complained (ahtatvork spaces were cluttered with
the systems and other equipment and materialdgutiobf the placement of the systems made it
difficult to read the displays, to access the input @gmsyiand to maintain the equipment.

! Initially, we labeled and distributed the survesythe En Route Supervisor Workstation Survey. He@we
after reviewing the survey responses, we electedfér to the En Route Supervisor Workstation asStipervisor
Work Spacdecause it encompasses the entire operations area.

Vii



The researchers developed two standardized baseline virtual reality (VR$noo#emodel for
the Exterior layout and one model for the Interior layoue Mised the designs on HF guidelines
and practices from facilities that had reported satisfs layouts on the survey.

We convened a Working Group (WG) of representatives from FAA Headquarters di@iCAR
facilities to review the VR models and to make changes based on operational etinsisier

The WG evaluated the baseline VR models and developed recommended configurations for the
Exterior and Interior layouts. Although the group selected the Exterior rasdieé preferred
configuration, they developed options for the Interior model for facilities thatesl to retain

that layout. The WG also generated a model of a Centralized supervisor wadthaareay

facilitate transition to future air traffic control concepts.
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1. INTRODUCTION

Air traffic controllers in Federal Aviation Administration (FAA) Air RauT raffic Control
Centers (ARTCCs) maintain the separation and sequencing of aircratiarangito and from
terminal areas and at high altitudes en route to their destination. The ARTCGsdwe iito
areas of specialization, usually containing six to eight radar sectoseewdry one or more
operational supervisofsThe supervisors monitor the situation in the area, Empproper staffing
for the number and complexity of aircraft being controlled providing assistance when needed.
The supervisors also have a work space where they perform other operational ianstratve
tasks. The en route area Supervisor Work Space {8WiS evolved over the past decade to
include a number of computer systems with new informadiad tasks for the supervisor to
perform. In most cases, each new system included a newom@asgociated computer processor
units (CPUs), and input devices.

The current SWS may contain an administrative computer, a Traffic Situaplap(TSD), a
system status display, a scheduling and sign-in/sign-out (SISO) systear,ranees controller
work tracking systems (called CRU-ART), a keyboard video display ternkv&T) to the

radar and flight plan processing automation system, a weather display (useid\feather and
Radar Processor [WARP]), a Voice Switching and Control System (VSQ$ba Gorridor
Integrated Weather System (CIW8hich is a tactical tool that provides high update rate
weather information on storm locations and echo.tdfgse SWS also typically contains
telephones and other communications equipment, Read and Initial binders, and papeerefere
materials. There are substantial differences between ARTCQiésciliith respect to the SWS.
For example, not all facilities have all systems latattethe SWS; sometimes systems share
monitors and input devices, and sometimes the layfdbe work space is determined locally. There
are also differences in layout between areas wahiARTCC. In nearly all cases, however, the
SWS is limited in size and cluttered with equipment, documents, filing cabindtstlzer items.

The FAA plans to introduce two new systems into the SWS: the En Route InformatayDi
System (ERIDS), which replaces most of the paper reference matedidheaEn Route
Automation Modernization (ERAM) system, which replaces the legacy automugsitems
Although some materials will be removed eventually (e.g., the KVDT and pefpegmces),
these new systems will further complicate an already limited worlespBuerefore, the FAA
En Route and Oceanic Service tasked the FAA William J. Hughes Technical (édk€TC)
Human Factors (HF) Team to collect data on the current ARTCC SWS layouts,réré asage
of computer systems, and the current problems encountered with the configuration. idn,addit
they tasked the HF Team to identify guidelines and standards for the SviSdag to use
virtual reality (VR) modeling to support a supervisor's work group in developingit@dim
number of standardized layouts that will optimally support the supervisor’s jobmarfoe.

2 Operational supervisors were subsequently rendiratt Line Managers, but we retained the previous
terminology.

3 Initially, we labeled and distributed the survestae En Route Supervisor Workstation Survey. Hewe
after reviewing the survey responses, we electedfér to the En Route Supervisor Workstation asStipervisor
Work Spacdecause it encompasses the entire operations area.



2. METHOD

The HF Team surveyed ARTCC supervisors to determine the current en routeg@ip@ent
configuration and to gather estimates of their computer system usageeséarchers also
visited five ARTCCs to observe the SWS layouts and to interview supervisors abiotaske
performance using the systems in the SWS. Next, they developed recommeridations
placement of each system based on HF guidelines and the operational needs &inalbyrs.
the HF Team convened a WG meeting with representative users to evaussdlne layouts
and to make changes to enhance usability and operatiotaddiléyi This section describes the
methodology for each of these activities.

2.1 En Route Supervisor Survey

The purpose of the survey was to collect information regarding current en roGtéagouts,
supervisor computer system usage, and work space concerns, such as identifyipgaibigjos
with the layout of the supervisor areas and identifying any equipment that Wwadtdid

monitor or access. The HF Team collaborated with a National En Route and Oceanits&upe
Committee (SUPCOM) representative and a supervisor to prepare the survey.

The survey consisted of four primary sections (see Appendix A). In the fitisinsece asked
the supervisors (a) to rate how frequently they use each of the computer sysiemglentify
the size of the display for each system, (c) to identify any shared equipnsgstems, and (d)
to provide the width of the main aisle. In the second section of the survey, we asked the
supervisors to draw an area floor plan that included the location of the controllexryCisstem
Replacement (DSR) workstations and the supervisors’ desks, equipment racks, arldagbles
are part of the SWS. In the third section of the survey, we asked the supervisonsacskeach
of the location of the CPUs, displays, and input devices for equipment on the supervisor's des
equipment rack(s), and table(s). In the fourthieamf the survey, we asked the supervisors
(a) to describe the problems they experienced and (b) to provide recommended doltiiens
problems. The SUPCOM representative conducted a pretest of the surveys witlsstgpatvi
his facility.

The National En Route and Oceanic SUPCOM representative e-mailed copiesoftey and
an instruction sheet to the ARTCC facilities. We requested that operationgisogertomplete
the survey for each unique operations area within their facility. If the SWfsslightly
different, the respondent could simply note the differences on the survey. The respéad=
the completed surveys, including photographs, if available, to the HF Teanchessarf
facilities did not respond within the deadline, the SUPCOM representative sdotaudp
request.

2.2 Human Factors Guidelines

We reviewed HF standards and identified pertinent guidelines to be applied in dey&hepi
standardized layouts. The documents we reviewed were Ahlstrom and Longo (20083j Car
and Murphy (1995), Department of Defense (DOD, 1999), and Grandjean (1988).



2.3 Working Group Meeting

In preparation for the WG meeting, the HF Team researchers collabortigbder ab Future
Development Subteam at the WJHTC to develop standardized, three-dimensional VR model
representing the two common supervisor work area configurations. We applied Hihgsidel
(Ahlstrom & Longo, 2003; DOD, 1999) in locating the equipment and selecting shditdieig
when developing these baseline VR models.

The HF Team convened the WG meeting at the FAA WJRE&Eearch Development and
Human Factors Laboratory on September 12-14, 2006. The WG included eight Air Traffic
Control (ATC) Subject Matter Experts, six HF practitioners, and one ERAMmgsengineer.
The objective of the meeting was to review the two baseline VR models and to rhedsdwiS
so that it supports the supervisors’ tasks more effectively. The VR model errebl&dtto
view the workstation from any location and to move equipment within the virtual space to
evaluate configuration options. A secondary objective was to develop a new concept for a
centralized supervisor work area.

3. RESULTS

In this section, we present results from the three activities performed in sapihe project.
We present results of the survey, relevant HF guidelines, and products from the&itgm

3.1 En Route Supervisor Survey

Twenty of the 21 ARTCCs responded to the survey, representing a response ratéof &3
project sponsor provided photographs of the remainingreBix facilities provided information

on more than one area, resulting in data for 35 diffeaeeas. Three ARTCCs provided surveys

on two areas, two ARTCCs provided surveys for four areas, and one ARTCC provided surveys
for seven areas. We received digital photographs from 10 facilities.

3.1.1 Area Floor Plan

Each ARTCC has a main aisle with operational areasdhing off perpendicular to the aisle.
Eleven ARTCCs reported the most common main aisle width as 6 ft (1.8 m). None ofdbe aisl
were less than 6 ft (1.8 m), although in some facilities, furniture (e.g., c&at hesadset storage
cabinets) occupied some of the width of the aisle. The widest aisle report&d W#3.7 m).

We determined the primary SWS orientation to the operations area for edith (mine had an
exception) based on the survey drawings and digital photographs. There were two primary
orientations, both of which had the supervisor’s desk perpendicular to the area controller
workstation rows. The facilities could align the desks on either the left or olgtafrcontroller
workstations (see Figure 1). At 12 of the facilities, the supervisors aeel sedhe main aisle
looking into the operations area (Exterior layout). Seven facilities egptrat the supervisors
sit in the operations area with their back to the operations area (Interior)lajoahe facility,

the desks were perpendicular with the supervisor sitting in the aisle, but thecosesatia
included controller workstations on both sides of the aisle. Functionally, howevéaythis

was very similar to the Exterior layout. The final facility had the supargislesk parallel to the
controller workstations; at least two other facilities had a similangeraent in only one of its
areas. The space available on the desk and equipmenivaskdso similar to the Exterior layout.
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Figure 1. Common supervisor orientations to the operations area.

3.1.2 Supervisor Work Space

The Exterior layout for the SWS typically comprissedesk with a shelf above it and two
equipment racks. Figure 2 is an example of a typical exterior supervisor wiorks@ther

variations were a single rack, three racks, or a rack and a table. The BW&atypically had

an extended desk (8 ft or 2.44 m) and at least one shelf above the desk; these were fynctionall
equivalent to a desk and an equipment rack. The supervisors could also use the controller
workstation located immediately beside them. The height of the supervisors’ alegé&d from

28 in. (71 cm) to 42 in. (107 cm). The most common desk height was 30 in. (76 cm). The width
of the desk was approximately 5.5 ft (1.67 m). The racks ranged from 24 in. (61 cm) to 30 in.
(76 cm) in width and were 84 in. (213 cm) in height. Supervisors could adjust the height of
shelves in the racks. The desks and racks were approximately 30 in. (76 cm) in depth.
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Figure 2. Representative exterior supervisor equipment layout.

The supervisor’'s desk typically included a large work surface supporting anistiative PC
display, administrative input devices, referenceanals, and at least one phone. Frequently,
there was at least one additional computer monitor with input devices on the desHy, thsral
were one or two filing cabinets under the desk along thgradministrative CPU. Some facilities
used the shelf above the supervisor’s desk for binders arpather reference materials. Other
facilities used this shelf for WARP, TSD, or the controller CRU-ART display.

The equipment racks were located on either the left side or right side of thesupdesk, with
the location typically alternating from one area to the next within atfacilihe racks usually
included at least three shelves and housed the VSCS Video Display Module (VDME WAR
VSCS reconfiguration workstation, and controller CRU-ART. Figure 3 provides ladabe
photograph of equipment racks and two representative examples of the SWS.
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Figure 3. En route supervisor equipment racks and representative work spaces.

3.1.3 Equipment Location

Among the primary components for each system were a digpthg CPU. Table 1 summarizes
the location of these components. We did not include ignices (i.e., keyboard, mouse, or
trackball) in the table because they require minimpate and are typically in close proximity to
the system display. In addition, not all the respotsdiexicated the location of the input devices.
Some respondents did not indicate the location of thésCgb we list many as unidentified.

There were substantial differences in the location of almost all equipmess dacilities (see
Appendix B). The only systems demonstrating significant commonality were th&isope
administrative display (which was always on the supervisor’'s desk) an&@8 VDM. The
VSCS VDM was most often in Rack 1 (for the Extetayout) and in the controller workstation (for
the Interior layout). At just over half of the reporting areas, supervisormsdstie administrative
display with at least one other system; most commonly, they shared it withp#rgisor CRU-
ART system (12 areas) or TSD (5 areas). Although the weather display wig situeted in
Rack 1, many facilities placed it on the supervisor shelf facing the operdtions Facilities
placed the KVDT display in a variety of locations. Raakost frequently held the VSCS VDM,
VSCS reconfiguration, and CRU-ART displays. In addition,aswhe most common location for
all system CPUs, except for the KVDT CPU. The controller CRU-ART SISQretanwas

most often located in Rack 2. Nine facilities, representing 12 areas, indicdtad #ralog tape
recorder was in the SWS, but the respondents indicated that they rarely, if eslét, us



Table 1. Equipment Locations

Supervisor Other
Equipment desk Shelf Rack 1 Rack 2 | Location | Total
Display | Administrative (Admin) 15 15
Admin/CRU-ART 12 12
Admin/CRU-ART/TSD 1 1
Admin/ERIDS 1 1
Admin/TSD 5 5
Admin/TSD/CRU-ART/ERIDS 1 1
Weather (WARP, Corridor Integrateld
Weather SysterfCIWS]) 16 17 z 35
VSCS (Reconfiguration) 6 14 6 41 27
VSCS (VDM) 1 21 1 1 24
TSD 10 5 8 1 24
KVDT 3 7 4 3 4 21
CRU-ART (SISO) 3 3 6 % 16
CRU-ART (SUPE) 2 2 2 5 1 12
TSD/(ESIS) 2 1 3
Center-TRACON Terminal System 2 2
Computer-Based Instruction a1 1
Total 54 40 70 22 142 200
CPU Admin 4 18 1 5P 28
Weather (WARP, CIWS) 7 14 1 2P 24
CRU-ART 4 4 3 3P 14
ESIS 5 5
KVDT 1 3 2 2 2° 10
TSD 14 3 1° 18
VSCS (VDM) 1 7 4 12
VSCS (Reconfiguration) 1 6 7
Unidentified system 1 1 22 3 8° 35
Total 10 13 92 17 21° 153
Other | Uninterruptible Power Supply 1 6 b4 11
A/B switch 5 1 2 il 9
Tape Player 5 7 12

& Located in a separate rack in the operations@reaa rack that is shared with an adjacent area.

P ocated under the supervisor’'s desk.

The surveys identified the location of 161 CPUs, whiaiiuded 153 CPUs in the SWS and 8
CPUs in other remote racks on the operations floor. More than half of the CPUs wim@ iloca
Rack 1 (see Table 1). Of the CPUs in the SWS, most were in the bottom of a rack (72 or und

the supervisor’s desk (21). The remaining 68 CPUs were located in the middlelo{Z0)aon

a shelf (13), on the supervisor’s desk (10), on top of tle(8), or in an unspecified location (8).
The eight CPUs located in an area away from the S\8l&ded CRU-ART (3), Weather (2),
KVDT (1), VSCS (1), and the computer-based training CPU (1).




3.1.4 Display Size

The respondents provided the diagonal display size for the systems available tecthdiable

2). The range for the CRU-ART display is especially large because il@sctbhe supervisor
CRU-ART functionality (which is often shared on the supervisor’'s adminisratimputer) and
the standalone CRU-ART system that controllers use to sign in and sign out. Thistaativie
computer displays were most commonly 17 in. (43.2 cm) but ranged from 15 in. (38.1 cm) to
20in. (50.8 cm). The TSD and WARP were the largest displays, typically 20 in. (50.8 cm), but
there was some variability in them as well. The VSCS displays repedseentlatively large
range because the SWS included two separate displaysiffatkert characteristics. One system,
the VSCS VDM, which supports air-to-ground and groundrtund communications, typically
comprised two small touch screen displays. Supervisors use the second system3he VSC
reconfiguration workstation, to reconfigure frequency assignments. This systeisted of a
standalone supervisor workstation with a single displhe display for the VSCS reconfiguration
workstation tended to be larger than the display fombil. Only three facilities had the ERIDS
prototype. In one facility the ERIDS display was shared with the administcasiplay. In the
remaining two facilities the ERIDS displays were 18 in. (45.7 cm) and 19 in. (48.3 cm).

Table 2. Approximate Diagonal Display Size

Equipment Count | Mode Range

CRU-ART 34 17 14-21
Administrative PC| 35 17 15-20
TSD 35 20 15-21
WARP 35 20 17-24
KVDT 26 15 13-20
VSCS 27 15 8-24
ERIDS 2 18.5 18-19

3.1.5 System Usage

The responding supervisors estimated that they use their computer systemsge, akemg a
typical shift, approximately 52% of the time, but this rating was highly vari@t 34,SD=

27.0%, Range = 10-100%). Usage included both monitoring the system for information (e.g.,
monitoring traffic flows and weather) and interacting with the systengs, Entering information

in the administrative computer or CRU-ART). The respondents then rated thentregii@se

for eight systems on a 5-point scale that ranged froatniost neverto 5 (ery frequently.

The supervisors rated CRU-ART as the most frequently used system, followesl by t
administrative PC and TSD (see Table 3). Three ARTCCs had a prototype of the ERID
available at the supervisor workstation, but they reported using it approxirhdielg per shift.
Except for CRU-ART and ERIDS, there were many differences in usagedrethe areas.



Table 3. Supervisor Ratings: Frequency of System Use

Equipment Description Count Mode | Range
CRU-ART Areas typically include separate supervisad controller| 33 5 3-5
systems. Supervisors use the system to manade staf
schedules, time on position, and other staffingfioms.

Administrative PC| General supervisor administrafivections, including 34 4 2-5
daily log and word processing.
TSD Graphically displays current aircraft positiongsed to 33 4 1-5

monitor the position of air traffic and traffic damd on
airports and sectors.

WARP Displays weather data. 33 3 1-5%

KVDT Provides access to general information message 26 2 1-5
advisory messages from Host.

VSCS Includes two different systems. One systermipe 32 1 1-5

supervisors to reconfigure frequencies at worksteti
The other system provides air-to-ground and graend-
ground voice switching control system.

ERIDS A prototype system that provides real-timeess to ATC 3 1 1-1
documents, traffic management data, and other
information.

A/B Switch Used to switch between multiple compiggstems for a 12 1 1-5

single display and input devices.

3.1.6 Current Work Space Issties

On the survey, we requested that the responding supervisors identify major prolitethe wi
layout of the current SWS and report any issues related to the access or mooiitcomguter
systems. The respondents had different comments for the two common floor plangas In are
where the supervisors are seated in the main aisle, they can restriovéraent of people or
equipment along the aisle, particularly at facilities that have a 6 ft (2vide)aisle. They also
reported that, occasionally, heavy traffic volume behind them negativetyeaffiheir ability to
monitor operations. Another limitation of this orientation is that computer monitorsaaa bl
their view of the operations area. Supervisors at facilities employingttreor layout reported
that being oriented with their back to the operations area reduces theirtalntionitor the
operations floor. Locating supervisors in the area often results in the loss ofcdi@ontr
workstation, which may be unacceptable at many facilities.

The primary problems with the layout of the SWSs inddeited desk or work space, difficulty
accessing input devices, difficulty identifying whicitput device or CPU was associated with

which system, disorganized wiring, employees crowding around the supervisor’s desk whe
using the SISO computer, and other comments related to unused equipment. Table 4 identifies
the primary considerations and includes representative comments to elabohet@aiute of

the issue.

* In a separate but related project sponsored by-ET@n en route supervisor job task analysis (Human
Solutions Inc, 2006) resulted in corroborating evice about the current design and issues assowidtethe SWS.



Table 4. Current SWS Issues

Issue

Representative Comments

Limited desk or work
space

- All of the systems take up too much space--desksaptf areas are very congested.
- Supervisor's workstation is very crowded with ckapgaperwork, and stuffl Very

- Five different keyboards at the supervisor’'s deddk @ clutter.
- OS desk is cluttered with three phones, two keyimaa clock, and an admin monitor.
- The CPU for the controllers ART is under the destt gets kicked quite often.

- The major problem with all the equipment on theesujsor’'s desk is that it does not leayve

enough room for work space.

difficult to get around.

Difficult to access, use,| -

or monitor some
systems

- The communications computer (used to change VSG&nisdifficult to access due to
- VSCS display is hidden below strip bays and reguB&P to duck below bottom edge g

- WARP computer is too high to use.

- Weather display keyboard is difficult to use beeaofits location.

- TSD mouse located on desktop too far from keyb&ae# space to reach comfortably.
- Must stand up and reach to get to input devicd 8D and weather display.

- The keyboards are at several levels and when gsivgral systems in a short time, you

- CRU-ART/airspace monitor on admin display shareithWiSD display. Difficult to

Admin keyboard located on desktop is too high arubar angle--it is very
uncomfortable for long-term use.

- We don't need it often, but the VSCS keyboarddated behind and on the same shelf as

the KVDT keyboard.

the location of the keyboard and mouse--the slidevdr sticks.

—h

bays to see the display.

feel like a Jack-in-the-box.

monitor all tasks.

Difficult to tell which
input devices go with
which system

- TSD display and input devices are separated bet3 fe

- So many keyboards and mice, we often get them sedfand begin to use the wrong one.
- It's sometimes confusing to track which mouse oibaard goes to which monitor, with

all the cables crossing over each other and A/Bchwes.

Unlabeled CPUs

- All the equipment is in close reach, but the CPiésrmt labeled for their particular

- Labeling the CPUs would help when the systems Failerl and will not start up easily.

function--most of the equipment is behind the sepkd

Disorganized wiring

- Lots of cable and cords at feet under desk (sonestiget disconnected).
- It's sometimes confusing to match input devices syglems with all the cables crossing

over each other and A/B switches.

Employee crowding
around desk for SISO

- Employees crowd area around desk when manipul&iRig-ART.
- CRU-ART input difficult for controllers to use whesupervisor is at desk.
- Sign in and sign out causes a lot of traffic atkdes

Difficult to access some -

systems for cleaning
and maintenance

- The CPUs for TSD and admin are very difficult teess for maintenance or repair.
- The admin CPU and Corridor Integrated Weather 3y&®U are nearly inaccessible.

The CPU is very high and difficult to reach whereboot becomes necessary.

Other equipment issue

- A/B switch is not used anymore. That would freesome space.
- Current VSCS does not allow for cordless phonesy @alls taken on VSCS force you

Tape recorder is broken, not maintained, and otsole

away from sectors, as VSCS is too far away. Yawnoatalk on VSCS and observe
sectors at the same time.
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Although the surveys revealed several problems with the SWS, respondents faicihties
reported that their layouts were good. In general, these sites sharetbthimdptharacteristics.

The administrative computer monitor was on the supervisor’s desk, and the system was
shared with the CRU-ART system.
The weather monitor and TSD were always available for monitoring.

The VSCS VDM was close to the supervisor in a very accessible locatiom goftee
middle shelf of Rack 1).

The controller SISO station was at standing height away from the superdesk's

The CPUs were organized adjacent to other CPUs and were located at the battom of
rack or under the supervisor’s desk where it did not restrict leg space.

3.2 Human Factors Guidelines

One of the primary goals of this project was to provide recommendations for anl eptirka
space design. In support of this objective, we identified relevant HF prinayplgsefoptimal
layout of equipment and working surfaces to support the supervisor’s task. Aslwdaral
centered designs, our goal was to fit the work space to the user, not the user to the work spac
(Cardosi & Murphy, 1995). We relied primarily on four sources of HF guidelines, twbiohw
specifically addressed the design of ATC facilities. The refesaweeeHuman Factors Design
Standard: HF-STD-00{AhiIstrom & Longo, 2003)Human Factors in the Design and
Evaluation of Air Traffic Control Systenf@ardosi & Murphy)Design Criteria Standard -
Human Engineering: MIL-STD-1472DOD, 1999); andritting the Task to the Man: A
Textbook of Occupational Ergonomi@randjean, 1988)The following list presents some of
the relevant design principles for the current project.

Lay out equipment to minimize traffic and congestion (HF-STD-001, 10.3.1.2).

Place work surfaces for seated positions 29 in. to 31 in. (740-790 mm) above the floor
(HF-STD-001, 10.2.7.2).

For standing tasks requiring precision, the recommended height from the floor to the top
of the workstation is 37.4 in. to 41.3 in. (95-105 cm) for women and 39.4 in. to 43.3 in.
(100-110 cm) for men (Grandjean). Therefore, the optimum range supporting both
populations is 39.4 in. to 41.3 in. (100-105 cm).

Place systems that require more use (frequency or duration) in morelaedessitions
(Cardosi & Murphy, 9.2.2; HF-STD-001, 10.3.1.8).

When locating workstation components, ensure the visibility of controls and displays,
ensure that there is adequate clearance between controls, and ensurestbanusach
controls without excessive shoulder movement or bending of the back (Cardosi &
Murphy, 9.3.4).

Locate the heaviest or bulkiest equipment at the most accessible locatie83 [HFO1,
4.3.4d).
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Locate all equipment and components to minimize the possibility of equipment damage
personnel injury, or inadvertent actuation (HF-STD-001, 10.3.1.6).

Label all items that personnel must identify (HF-STD-001, 4.3.5.1.1; MIL-STD-1472F,
5.5.1.1).

Arrange workstations to allow accessibility to system components for @asyal and
replacement by maintainers and support technicians (Cardosi & Murphy, 9.3.2;[HF-ST
001, 10.1.3).

Ensure maintenance activities do not interfere with ongoing operator tasi&TEHoO01,
10.1.5).

The HF Team researchers used these general HF prirtopie=pare the two baseline VR models.
The following describes how we applied the design principles when locating thesshety
equipment.

1) Supervisors employ one of two common interaction styles when using compttensys
at their area: monitoring or active. Their style of interaction holds intjgieafor
optimal display location.

a. Monitoring . Monitored systems should always be available to the supervisor, but
they do not necessarily need to be located in close proximity to them. Examples of
monitored systems include the TSD, ERIDS, WARP, and CIWB.in#¥portant
consideration in our final layout for the Exterior configuration was the ability to
provide TSD and ERIDS information to the supervisor whether they were at the
supervisor desk or on the operations floor. We accomplished this by placing these
displays above the desk and locating them on a pole that permits the display to swivel
toward each location. Standards require placing monitored systems at heiglets whe
users can see them while seated or standing.

b. Active. Supervisors interact with a number of different systems using keyboards,
mice, and trackballs. It is essential that frequently used systems be iplatese
proximity to the supervisor in an easily accessible location. Users canctingiya
interact with one system at a time; therefore, it may be desi@béeveral of these
types of systems to share a common display and input device. By sharing components,
users can reclaim valuable desk space and can avoid other concerns, such as the
confusion of identifying which input devices control which systems. Among the
systems that we recommend share a display and input device are the adiménistrat
display and supervisor CRU-ART. The administrative monitor could display the
VSCS reconfiguration if this would meet operational requirements. It mpgdsible
to also share input devices for TSD and ERIDS, but these systems need a separate
display. Facilities place the Enhanced Status Information Syster8)(BSthe walls
of the operations area, but it requires input devices at the SWS. We recommend
sharing the displays and input devices by using a Keyboard, Video, and Mouse (KVM)
switch. We recommend the purchase of an eight-way KVM switch to support current
needs and to provide flexibility for future expansion. This switch must be highly
reliable, be usable 7 days a week for 24 hours, and demonstrate good HF principles
(ease of use, and so on.).
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2) Facilities should situate systems with which supervisors interact mgaehtly as close
as possible to the supervisor’'s seated desk location. Commonly used systemshieclude t
administrative PC, supervisor CRU-ART, and to a lesser degree, ESIS. Supervisors
rarely use the VSCS reconfiguration display, therefore, we recommendéakilides
locate it relatively far from the supervisor. We located systems thateaglatively
frequent monitoring in an easily viewed location.

3) Work surfaces for seated positions should be approximately 29-31 in. (740-790 mm)
above the floor. Therefore, we located all desk heights at 29 in. (740 mm).

4) Supervisors do not use the controller CRU-ART system, and it can cause crowding or
interruptions around the supervisor’s desk. Therefore, we located this equipment in the
furthermost rack at a shelf height of 45 in. (114 cm) above the floor to accommodate
CPU cooling and allow data entry using the keyboard and mouse. This is slightly highe
than the recommended standing height of 39-41 in. (100-105 cm), but the amount of
interaction by each controller is minimal.

5) Facilities should provide equipment pullout trays for CPUs to support maintenance
activities. Facilities can locate small CPUs at the bottom of equipméxst xaleen
feasible.

6) Facilities should label all equipment appropriately. Among the items that they shoul
clearly label are CPUs, stand-alone keyboards, and the buttons correspondihg to eac
system on the KVM switch.

7) Facilities should locate equipment and components so that injury to personnel, equipment
damage, or inadvertent actuation is minimized. We lowered the shelf holding th® WAR
and we placed CPUs on the lowest shelf, when feasible.

3.3 Working Group Recommendations

The WG met for 3 days and evaluated the Exterior ardidntbaseline VR models. The meeting
culminated with recommended configurations for boglolds based on operational suitability and
HF guidance. In addition, the WG generated a model of a centralized supervisareathat
facilities may implement operationally in the future. The following sestpresent the results
for each of the layouts.

3.3.1 Exterior Layout

Facilities demonstrated considerable uniformity in the arrangemequmeent in the Exterior
layout. Therefore, the WG developed a single recommemdfati the arrangement of equipment
for this configuration.

Figure 4 presents a screenshot of the VR model giriby@osed SWS for the Exterior layout,

with the desk located adjacent to the left sidéhefdperations area. Placing the desk adjacent

to the right side of the operations area would revédrsédacation of the equipment. The
administrative monitor is located on the right sidéhefdesk on top of an eight-way KVM switch.

The KVM switch connects the administrative, supervisor CRU-ART, and ESIS appi€ so

that all of these systems share a single display, keyboard, and mouse. We heckéegthdard

and mouse in a pullout tray under the center of the desk. There is a mounting pole located on the
left side of the desk that supports the ERIDS (top) and TSD (bottom) monitors. Th@nlocat
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does not obstruct the supervisors’ view of the operations floor and permits them to orient the
displays for viewing in the operations area. The displays for ERIDS and TSbtlsbar
administrative system keyboard and mouse via the KVM switch. Supervisors anenaags
personnel will label all CPUs and keyboards for easy identification.

Figure 4. Recommended design of the SWS for the Exterior layout.

Beginning at the top of the rack closest to the supenand working down, the equipment
shown is the WARP display, the ERAM display, the ERAM keyboard, the WARP keyhloard (

a pullout tray), the VSCS VDM, and the ERAM CPUs. The shelf holding the ERAM display
and keyboard is 45 in. (114 cm) above the floor to support data entry using the keyboard. We
were able to lower this shelf to an acceptable height by incorporating @ digglay version of

the VSCS VDM unit, which has reduced height requirements. We placed the ERAM CPU on a
pullout tray to promote accessibility and support maintenance activities.

The top shelf of the second equipment rack houseBERIBS CPU, VSCS reconfiguration
display, and the WARP CPU. The supervisor CRU-ART CPU is located behind the VSCS
reconfiguration display. The next shelf supports the controller CRU-ART CRuayisind
keyboard. The VSCS reconfiguration CPU is located behind the controller CRUWHABR&y.
We located the controller CRU-ART in this rack to minimize disruption and trfédficat the
supervisor's desk. The shelf is 45 in. (114 cm) above the floor to promote usability of the
keyboard by a standing operator. Attached beneath this shelf is a pullout tray Hud®CS
reconfiguration keyboard and trackball. The next shelf either holds paper referaterials or
can be used for flight strip printers. Located at the bottom of the rack on a pullcatetitig
CPUs for the VSCS VDM, ESIS, TSD, and the administrative system.
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3.3.2 Interior Layout

Another common arrangement in the field today is to seat supervisors in the operations ar
facing the main aisle with the supervisor’s back to the operation area. Thévelpéthis
configuration is to minimize noise and distraction from the main aisle. Thigiczally

accomplished by using a 68 in. (172.7 cm) to 84 in. (213.4 cm) cubicle wall behind the
supervisor’'s desk. Besides differences in wall height and length, this cotiiguesults in

vastly different layouts across facilities. As a result, the WG developsel different Interior

layout options to address each of these variations. In this report, we describéhevomifons:

one using the existing Associate-side (A-side) controller console and theisitinge an

equipment rack. The WG proposed a third option using a Crenlo rack, but rejected it decause i
was significantly more expensive than the first two options.

Figure 5 presents a VR model of the proposed Interyoulautilizing the existing A-side console
equipment. The location of equipment is reversdueifSWS is located on the other side of the
operations area. As illustrated in Figure 5, the picture on the left shows the SW&; piutiire
on the right shows the equipment rack outside the work space.

Supervisor work space Equipment rack

Figure 5. Recommended design of the SWS for the Interior layout.

The administrative monitor is located on the right side of the desk on top of an eigki/ivay
switch. The KVM connects the administrative, supervisor CRU-ART, and ESISappiis so

that all of these systems share a single display, leeglband mouse. The two remaining monitors

on the desk are for ERAM (left) and ERIDS (farthest lefthe ERIDS CPU is located behind the
ERAM display. There are two pullout trays under the desk. The pullout tray on the right holds
the keyboard and mouse that is connected to the KVNe ERIDS and the TSD are also
connected to the KVM and use the same keyboard and mouse. The other pullout tray holds the
ERAM keyboard. The upper shelf holds the reference materials, the TSD mbweitd&S€S
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reconfiguration monitor, the WARP monitor, and the WARP CPU. The input devices for the
VSCS reconfiguration system are located on a pultaytdirectly beneath its display. Similarly,
the keyboard for the WARP system is located in a pullaytdirectly beneath its display. To
facilitate identification, all CPUs and keyboards are labeled.

The existing A-side console that is located to the left of the supervisor's desksamplace,
with the VSCS VDM intact. The ERAM CPU and its associated equipment (not yisible
located in the bottom of the A-side console on a pullout tray to promote accessibiipports
of maintenance activities.

The equipment rack depicted in the right side of the figure is not visible from the $WS. |
parallel with the existing DSR workstations and facing the main aisle. Tkésrthe same

model and style of furniture used in the SWS to avoid the cost of replacing the existingdur
Some facilities using the Interior layout already have this rack. In thelesign, the top of the

rack is for reference materials or other site-specific needs. The sd@dhldatds the controller
CRU-ART monitor, CPU, and keyboard. It is approximately 45 in. (114.3 cm) above the floor to
promote usability of the keyboard by a standing operator. The next lowest shethieold&D

and ESIS CPUs. The supervisor CRU-ART, admin, and VSCS reconfiguration CPtsated |

in the bottom of the rack on a pullout tray.

In the alternate layout developed by the WG, a standard equipment rack replacasdihe A
console shown in Figure 5. This rack holds the VSCS reconfiguration monitor (top), ERAM
display (second shelf), VSCS VDM unit (third shelf), and ERAM CPUs (bottom). Tlgndw&s
the supervisor’'s desk and equipment rack remain as depicted in Figure 5.

3.3.3 Centralized Layout

The WG developed a model for the Centralized commandept (see Figure 6). In the
proposed design, supervisors are collocated in an area near the middle of the offle@tions
The goal of this design is to promote inter-area communications between sugeriag being

in close proximity to one another, supervisors will be able to more effectively satedraffic
routing and maintain greater team situation awareness. This design alscamekésilly

located desk, TSD, and VSCS available to the Traffic Management Unit (TMié¢) TMU

could staff this position during times they considered advantageous to have a team omember
the operations floor. These likely would include periods of traffic managensérictions and
adverse weather conditions. This layout includes gamsgor four controller SISO workstations.
The recommended keyboard height is approximately 40 in.g101) from the floor because it is
a standing workstation. This workstation could also provide space for WARP or otherrweathe
displays, flight strip printers, paper reference materials, and other requatedals.

The SWS layout shares many of the same design chastcseof the previous models, including
the use of an eight-way KVM switch, display sharing, and the labeling GPalls and

standalone keyboards. As in the Interior and Exterior layouts, the administrativejsarpe
CRU-ART, and ESIS applications are shared on the administrative display. Bibsidenefits

to coordination and communication, this concept affords the opportunity for two supervisors to
share the same VSCS and possibly ERAM equipment, resulting in substantialdcegaee
savings. The CPUs for ERAM and all computer systems are located under thessugatesk

on pullout trays.
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Figure 6. Recommended design of the SWS for the Centralized layout.

4. DISCUSSION

The survey of the FAA ARTCCs indicated that there are up to eight computerdystems that
area supervisors use to perform their operational anthestirative tasks. The supervisors
reported using the systems (either monitoring or intergwith them) approximately 50% of the
time during a typical shift, although there were variations in the time essmalot all areas
have all the systems in the immediate SWS (e.g., some are shared betasgarat, in many
cases, multiple systems share a display monitor and input device. With thnegoescehe
responding supervisors complained (a) that their work spaces were cluttérddergystems
and other work equipment and materials and (b) that the placement of the syat#smns m
difficult to read the displays, to access the input devices, and to maintain the equipRwiht. E
and ERIDS will add more systems, possibly requiring a reorganization of the@sigtems,
so their placement in the SWS needs to be carefully considered to optimizedheir us

The survey responses confirmed the two basic layouts of the SWS, although theregaéions

in which systems are included and where they are located. The most common layioutheas
supervisor’'s desk to be perpendicular to the controller workstation bay with the supsraisal

in the main aisle looking into the bay. Typically, this Exterior SWS had two equipatst to

the side of the desk and outside the bay; there were normally three shelves acleadine

second most common layout also had the desk perpendicular to the bay, but the supervisor was
seated inside the bay. The desk was longer (essentially an equipmenhdic&)l at least one

shelf running the full length of the desk for the computer systems and otheataated

equipment. The supervisor also could use the controller workstation immediatdly thesi
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desk. Other variations placed the supervisor’s desk either parallel to or pergartdité bay,
with controller workstations in front and behind the supervisor. We considered both of these
variations to be functionally similar to the Exterior layout.

The HF Team researchers were able to effectivepteament the general HF principles into the
baseline VR models. By using VR modeling, the HF Team interactively dedebpgeationally
viable solutions for the WG to consider. The VR niggeesented highly realistic representations
of the SWS that enabled equipment placement based on space requirementasas well
accessibility, field of view, and other HF considerations. The next task, WG reliibe

baseline layouts, also benefited from use of the VR models. For example, thatex\/ghe

ability to view supervisor displays and the operations floor by moving within theirt
environment. This capability was particularly beneficial when developinGéhéralized

control concept. As a new, non-implemented concept, the group could not rely on their past
experience in ARTCC facilities. By immersing themselves in the Vietonaronment, they were
able to see that in the original design concept, the supervisor did not have an acceptaiie vi
the operations floor. By moving the desks farther apart, they were able toyidemeiv
configuration that provided an acceptable view of the operations floor and stilequepment
access and right-of-way requirements.

This project culminated with recommendations for Ut of SWS areas based on the
prevalence of the current configuration, cost of implementation, ease omekion, and
other logistic considerations. Although the Exterior layout is the WG’s prdfdasign, there
was not sufficient cause to limit the flexibility of operational faciitie maintain an Interior
layout, should they choose to implement it. Facilities may prefer the Cesdirédizout in the
future because of its potential to reduce equipment costs, to promote inter-araanaations,
and to provide other benefits.
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ARTCC
A-side
ATC
CIWS
CPU
CRU-ART
DOD
DSR
ERAM
ERIDS
ESIS
ETMS
FAA

HF

KB
KVDT
KVM
Reconfig
SISO
SUPCOM
SWS

B

TMU
TSD
UPS
VDM

VR
VSCS
WARP
WG

Acronyms

Air Route Traffic Control Center
Associate-side

Air Traffic Control

Corridor Integrated Weather System
Computer Processor Unit

Controller Work Tracking System
Department of Defense

Display System Replacement

En Route Automation Modernization
En Route Information Display System
Enhanced Status Information System
Enhanced Traffic Management System
Federal Aviation Administration
Human Factors

Keyboard

Keyboard Video Display Terminal
Keyboard, Video, and Mouse
Reconfiguration

Sign in/Sign out

Supervisor Committee

Supervisor Work Space

Trackball

Traffic Management Unit

Traffic Situation Display
Uninterruptible Power Supply
Video Display Module

Virtual Reality

Voice Switching and Control System
Weather and Radar Processor
Working Group
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Appendix A
En Route Supervisor Workstation Survey



En Route Supervisor Workstation Survey

Area or Specialty Identifier(s): Date:
1) Equipment Checklist
a) During a typical shift, what percentage of the time do supervisors use eosysiems? %

b) In the table below, rate how often you use the equipment or display in a tyficalshihe following scale:

N/A — Not Available
1 — Almost Never

2 — Rarely

3 — Occasionally

4 — Frequently

Used less than 1 time per shift.

Used 1-2 times per shift for short periods ofetim

Used several times per shift for short periodsIGRtimes for lengthy periods.
Used several times for lengthy periods OR nunreetines for short periods.

5 — Very Frequently Used numerous times for lengthy periods.

c) Indicate the size (i.e., diagonal measurement in inches) of the rsatitbese areas.

Equipment A b) Flreql;enc%/ of gse ] c) Display size
a) SUPE admin. PC inches
b) TSD inches
c) Weather display inches
d) Cru-ART inches
e) KvDT inches
f) VSCS inches
g) ERIDS inches
h) A/B switch
i) Other inches
j) Other inches

d) Identify any systems that share the same monitor or input device:

e) ldentify any systems that are shared between areas/specialties:

f) What is the width of the center aisle?
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2) Floor plan
In the space below, draw a floor plan of this area showing the followingraquot (see examples below)

Examples
a) Controller en route workstatio ) VCs, URET
b) Supervisor desk/workstations) \ /TSP VSCS \T .
c) Supervisor work locatiof_{ ) \TR\ Ffz\ WIS - Ri|rRz2| wis
d) Equipmﬁt rack@) T 200
e) Tables
) ) | WS | WS

Identify the location of the equipment from theipment checklist as shown in the example
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3) Equipment Configuration

Draw a sketch of the location of the CPUs, displays, input devices, and radaitequipment at the following
locations. See sample drawings below.
Examples

Supervisor's Desk Equipment Rack

KVDT KB

P
) )
CPU f ARTkB |[ ]
vscs

CPU ||CPU| |CPU
(KVDT) (ART)

KB = Keyboard, TB = Trackball

a) Supervisor’'s Deskinclude the location of CPUs, displays, input devices, and monitors)
What is the height of the supervisor’s desk?

Identify the configuration of equipment as showthmexample above.
Draw a sketch of the following locations including the location of CPUs, gssplgput devices, and monitors.
b) Equipment Rack 1 ¢) Equipment Rack 2
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d) Other rack, table, etc.(specify)

e) Other rack, table, etc.(specify)

f) Other rack, table, etc.(specify)




4) General Questions
a) What are the major problems with the design or layout of the supetisor workstation in these
areas?ldentify problems related to total space available, organization girequt, readability, ease of
use, etc. Please be as specific as possible (e.g., the TSD is too fav eseaywhen seated at the desk).

b) If any of the systems, displays, or keyboards difficult to monitor or acas, pleasédentify the
equipment and describe the issue, including maintenance lisss.

¢) Do you have any other comments or suggestions regarding the supervisarerkstation or work
area?
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Thank you for your participation

Your responses will aid in the design and layout of future En route supervisor worlsstat
If you have any questions contact:
Dr. Mike McAnulty
FAA William J. Hughes Technical Center
ACB-220, Building 28
Atlantic City Intl. Airport, NJ 08405
Phone: (609) 485-5380
Fax: (609) 485-6218
Email: mike.mcanulty@faa.gov
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Appendix B: En Route Supervisor Workstation Layouts

This appendix presents the equipment layouts as provided by the facilities in respgbess\WS

survey. The schematics are based on the drawings, written comments, and photegeagtsin
response to the survey. The responses varied substantially in content and lewadl sbdée
schematics reflect our best interpretation using the data available. Ircasesewe received responses
for more than one but not all the areas in a center, without an indication of how manwereaimilar
to each layout. The survey instructions requested that the facility subrparatseschematic for each
variation, therefore we believe that these schematics represent yidili#ttle configurations at the time
of the survey.

We provide a list of the equipment acronyms at the end of this section to aid in idgritikyispecific
equipment depicted in the figures. We organized the schematics by type of lagdiit (i.e., interior,
exterior, and split) as follows.

Layout Su