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SUMMARY PAGE

THE PROBLEM

Although research involving the performance of military personnel can
generally be conducted in fixed laboratory installations, there are times
when data must be collected in the field. This requirement can arise when
the research involves either environmental stressors that cannot be repli-
cated in the laboratory, specialized military equipment or weapons systems
that cannot be readily moved to the laboratory, or the need to acquire data
on a noninterference basis from populations performing operational tasks
remote from the laboratory.

FINDINGS

To address this problem, the Naval Aerospace Medical Research Labora-
tory (NAMRL) has completed the design, development and construction of
three new Mobile Field Laboratories (MFL) for the collection of biomedical
performance data at various in-country military installations. One MFL is
devoted to the acquisition of cardiopulmonary-related data, the second to
the measurement of vestibular-related performance data, and the third to
the collection of auditory and cognitive performance data, In addition,
two previously constructed MFL units have been modified to provide separate
facilities for vision and cognitive performance testing. With these de-
velopments, NAMRL now has the capability for acquiring a wide range of
multidisciplinary biomedical performance data at various military field
sites,

RECOMMENDATIONS

Placement of the MFLs in the field to support new and current RDT&E
work units will require 1) adequate and sustained funding for the operation
and continued maintenance of each unit, 2) the assignment of qualified
biomedical personnel to each MFL, and 3) training and indoctrination of
these personnel on the specific tests to be implemented in each MFL and the
procedures to be followed when securing equipment in preparation for tran=-
sit operations.
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INTRODUCTION

Although research involving the performance of military personnel can
generally be conducted in fixed laboratory installations, there are times
when data must be collected in the field. This requirement can arise when
the research involves either environmental stressors that cannot be repli-
cated in the laboratory, specialized military equipment or weapons systems
that cannot be readily moved to the laboratory, or the need to acquire data
on a noninterference basis from populations performing operational tasks
remote from the Laboratory.

The Naval Aerospace Medical Research Laboratory first demonstrated its
interest in the development of special mobile laboratories (MFL) for the
collection of performance data under field conditions in 1956, At that
time, the Navy was concerned with the auditory and nonauditory effects of
the noise exposure received by members of the flight-deck crew aboard
aircraft carriers. To address this problem, NAMRL (then known as the U.S.
Naval School of Aviation Medicine) contracted with the Central Institute
for the Deaf to design a mobile acoustic laboratory constructed on a stand-
ard (8 ft by 40 ft) semitrailer bed (1). The main elements of the labora-
tory included a 10-man, semi-automated, group audiometer and a small-scale
psychomotor test battery. This laboratory was used to collect aircrew
auditory performance data aboard aircraft carriers as well as at various
ground-based squadron locationms.

Construction of two additional mobile laboratories was initiated in
the early 1980s for the acquisition of visual performance data in the
field. These trailers became operational late in 1982 and included all
instrumentation required to implement a comprehensive Vision Test Battery
(2). These units enabled NAMRL to acquire extensive performance data from
naval aviators undergoing flight training at the Tactical Aircrew Combat
Training System (formerly the Air Combat Maneuvering Range).

This paper addresses three new MFLs developed by NAMRL for the collec-
tion of biomedical performance data at various in-country military instal-
lations. One MFL is devoted to the acquisition of cardiopulmonary-related
data, the second to vestibular related performance data, and the third to
both auditory and cognitive performance data. Each MFL has been designed
to operate on a self-sufficient basis providing all utility services in-
cluding electrical power, heating and air-conditioning, storage tanks for
potable water, and holding tanks for waste water. We present a brief
overview of the basic design and construction features of the MFL units and
their biomedical testing facilities.

BASIC DESIGN AND CONSTRUCTION FEATURES
MECHANICAL SYSTEMS

A photograph of the first completed MFL at the time of its delivery to
NAMRL is shown in Fig. 1. Construction of each unit was based on the use
of a standard Type IV, closed-van, riveted body, semitrailer. The overall
dimensions were 48 ft x 8.5 ft x 13.5 ft. Each MFL is equipped with a
20,000-1b tubular tandem-axle, 3-leaf springs rated for a maximum capacity
of 11,200 lbs, and an air-ride sliding suspension system to minimize road



Figure 1.

Photograph taken at the tim= oI delivery oF the first Mobile
Field Laboratory {MFL) to MAMEL.

Figure 2.

Views of MFL interior showing trailer side post comstruction

after spraying with acoustic canping matesrisl (left) and the

4-in thick acoustic pamels ir_thke process o being installed
(right).




shock effects on the biomedical testing equipment. With this configura-
tion, each MFL is rated for a gross vehicle weight of 65,000 1b and a
maximum payload of 55,000 1b.

Each unit has a platform floor constructed of 1.375-in laminated
hardwood laid over a 0.25-~in aluminum subfloor that is supported by steel
cross-sill beams spaced on 12-in centers. Longitudinal support for the
beams is provided by a 9-in extruded aluminum rail. Support of the wall
and ceiling is provided by side posts and curved roof braces spaced on 24-
in centers. The exterior skin, consisting of roof, side, and end panels,
is constructed of .050-in aluminum alloy riveted directly to the side posts
and roof braces. Sound and vibration dampening of these panels was pro-
vided by application of a semi-rigid foaming material to the interior
surfaces of the trailer. A rear view of an MFL showing the internal side
posts and roof braces following application of the dampening material is
shown at the left in Fig. 2.

To minimize the transmission of exterior acoustic noise to the MFL
testing spaces, an internal shell was constructed of standard, commercially
available, 4-in thick acoustic panels, which lined the walls, end panels,
floor, and ceiling. A construction photograph showing one of these panels
being readied for erection is shown at the right in Fig. 2. Additional
isolation was provided by a dropped ceiling constructed of 3-in thick
acoustic panels. The area between the two ceiling panels was used to house
ductwork for the heating and air-conditioning systems and cableways for the
electrical power and instrumentation wiring. Photographs taken after in-
stalling the 4-in thick deck, wall, and roof acoustic panels and related
air-conditioning ductwork, but before installing the 3-in thick dropped
ceiling, are shown in Fig. 3.

In certain areas requiring additional acoustic attenuation, a second
interior acoustic shell or room was constructed with 3-in thick acoustic
panels. All interior and exterior doors utilized acoustic panel construc-
tion with heavy-duty hinges, double-glazed windows, and neoprene door
seals, To provide weather protection for the acoustic exterior doors
during MFL transportation, a large-scale door (flush with the externmal skin
of the trailer) was used to cover the acoustic entrance doors. Access to
each exterior door is provided by a portable stairway/railing assembly that
can be dismantled and stored below the trailer undercarriage during tran-
sit. As shown in Fig. 4, each MFL is equipped with two different styles of
entrance ladders; one with the steps parallel to the trailer frame, the
other with steps at right angles to the emntrance door.

Leveling of the semitrailer at a field location is achieved by four
hand-cranked, gear-type, vertical 1ift, telescopic landing gears with non-
rotating, self-leveling skid pads (see Fig. 5). Eight spirit levels,
attached to the sides and ends of the trailer, serve as leveling aids.

ELECTRICAL SERVICE

Two electrical alternators, driven by diesel engines, are used to
power each MFL., Each water-cooled diesel engine is a 4-cycle, 4-cylinder,
vertical, inline design rated at 25,5 brake hp at 1900 rpm. One alterna-
tor is rated for a 15-kW, 18.7-kVA, 120/208-Vac, 3-phase, 4-wire, 60-Hz
load with a 0.8 power factor based on continuous duty at 80 °C rise over



Figure 3. Interior of MFL after installiation of the 4=-in zhick floor,

sidewall, and ceiling acoustic panels but prior to installing
the 3-in tkick dropped ceiliag panel,

Figure 4,

Curbside view of the two different madular ladder and staircase

assemblies provided with each MFL. <me ladder is consctructed

to allow access to the entrance door with szairs rarallel to the

trailer (left) znd the other with stairs perpendicular to the
trailer (riéhtj.




Figure 5. Views of two-speed, gear-driven, landing jack
assemblies used to level the MFL units.,




40 % ambient. This unit is used to power the heating, airconditioning,
and interior lighting systems., The second alternator is used to power the
MFL biomedical instrumentation and is rated for a 10-kW, 10-kVA, 120/240-
Vac, single-phase, 3-wire, 60-Hz load with a 1.0 power factor based upon
the same duty and temperature conditions. For this unit, two static-
magnetic transformers rated at 5 kVA each provide voltage regulation for
the instrumentation systems. These transformers provide an output voltage
regulation of +/- 0.5% for +/- 20% changes in input voltage,

During transit, the two alternator systems are separately attached to
the MFL undercarriage by welded support-brackets. Four wheel-mounted jack
assemblies allow each alternator to be lowered from the undercarriage and
manually moved to a location remote from the MFL (Fig. 6). A 50-ft flex-
ible power cable is used to interconnect each alternator to the MFL. The
same cables, terminated with quick-discomnnect connectors, can also be used
to interconnect the MFL units to a standard utility power source when
available. Two reel-mounted, flexible fuel lines interconnect each diesel
engine to a 110-gal fuel tank. Separate fuel-feed and fuel-return lines
are used to minimize diesel operating problems caused by airlocks entering
the fuel system (Fig 7).

Distribution of the two power services to the interior of each trailer
is provided by three, wall-mounted, circuit breaker panels. Two of these
panels distribute the single-phase instrumentation power: one receives the
external power and energizes the voltage regulation transformers, and the
second distributes the regulated voltage to the MFL spaces. A third panel
is fed by the 3-phase power source and distributes all 115/208 Vac power
required by the heating, airconditioning, lighting, and water service
systems. Photographs of the three junction boxes taken during and follow-
ing MFL construction are shown in Fig. 8.

FRESHWATER AND WASTEWATER SERVICE

Potable water is supplied to each MFL from a 110-gal stainless steel
storage tank mounted to the trailer undercarriage. Water pressure to
distribute the water within the MFL is provided by an automatic, marine-
type pump driven by a 115 Vac, 1/2 hp electric motor. A photograph of the
storage tank and the immediately adjacent water pump assembly is shown at
the left in Fig. 9. Each pump incorporates a pressure-actuated cutoff
switch to provide pump protection in the event of a dry tank. Check-valves
allow the pump to be bypassed when water can be supplied from a fixed
utility service. Hot water is supplied by small electrically heated water
storage tanks installed within each MFL.

Storage of wastewater is also provided by a 110-gal tank, shown at the
right in Fig. 9, that can be either gravity drained by standard mobile home
flexible hoses or pump drained from an external source. In the case of the
Vestibular and Acoustic MFLs, freshwater is required only for the operation
of small sink lavatories. For the Cardiopulmonary unit, water is required
for sink, shower, and commode facilities. ’

To maintain operation of the water system during freezing conditionms,
electrical heat-trace cables are wrapped around the main pump assembly, the
two water storage tanks, and all interconnecting plumbing lines. In turnm,
the cables are wrapped with a 0.5-in thick foam-like neoprene material for



Figure 6.

Photographs of one of the -wo diesel-powered alternators while

still fixed to the MFL undercarriage (top left); in the process

of lowering and adjusting its wheel-type support legs (top

right); its removal from the undercarriage (bottom left); and

its final setup for operation (bottom right).




Figure 7. View of the 110-§a1 Ziesel fuel tank (left) and the dual fuel

supply and return lines that feed the diesel-powerad alternators.

The return line is usec¢ to minimize the chance of eir locks enter-
ing the fuel lines.

Figure 8. Interior electrical power distribution boxes during (left) and

upon completion of (ri@t) MFL construction.




Figure 9.

Figure 10,

Photographs of undercarriage-mounted tanks used to store potable

freshwater (left) and wastewater (right). The pump mechanism

used to pressurize the water system is at tke left of the fresh-

water tank.

View of heating and air conditicning unit installed on ths front
vertical surfece of each MFL., The unit is isolated from the
trailer frame ty neoprene gaskets to minirize the transmission
of acoustic ard vibration noises to the MFL superstructure.




additional insulation. Operation of the heat-trace system was controlled
by an external thermostat mounted adjacent to the water pump assembly,

HEATING AND AIR-CONDITIONING

Climate control for each MFL is provided by a single heat pump in-
stalled on the front vertical exterior wall (Fig. 10). This unit requires
a 208-Vac, 3-phase, 60-Hz power source for operation. Cooling is provided
by a compressor rated at 4 tons; heating is furnished by a 9-kW electrical
heater rated to produce an output of 23,100 BTU at 208 Vac input. Defrost
circuitry minimizes the chance of compressor icing when outside tempera-
tures fall below 4.4 % (40 ),

To minimize the transmission of air conditioner vibrations to the MFL,
the face of the heat pump structure is insulated from the trailer frame by
neoprene strips installed along the perimeter of the heat pump mounting
frame. In addition, flexible nonmetallic ducting is used to connect the
heat pump output vent to the interior metallic ductwork that distributes
air throughout the MFL. The interior of the metallic ductwork was lined
with acoustic damping material to further reduce the transmission of acous-
tic noise from the air conditionmer system to the MFL interior.

MISCELLANEOUS FEATURES

Each MFL is equipped with two 27 x 55 x 96-in plywood-lined aluminum
storage compartments. In the Acoustic/Psychology and Vestibular units, one
compartment is installed on the undercarriage immediately in front of the
trailer wheels, and the other to the rear of the trailer wheels. For the
Cardiopulmonary MFL, one compartment was installed on the undercarriage and
the other on the rear vertical wall because undercarriage space was re-
quired for the plumbing associated with the head facility installed at the
very rear of this trailer, The primary function of these units is the
storage of the entrance stairs and landings as shown at the left in Fig.
11. Two small cylindrical PVC tubes, placed cross-wise on the trailer
undercarriage, are used to store 8-ft long copper-clad steel rods used to
electrically ground the MFL trailer frame and alternator frames at field
locations, Telephone service to the trailer interior is provided by an
external waterproof junction box., A second junction box, shown at the
right in Fig. 11, will enable pulling spare cables through entrance conduit
to the trailer interior for electrical control functions that may be imple-
mented in the future,

INTERIOR CONFIGURATION OF EACH MFL
ACOUSTIC/COGNITIVE PERFORMANCE MFL

A simplified sketch of the floor plan for this MFL is shown at the top
in Fig. 12. The cognitive performance facilities are located at the front
and the acoustic facilities at the rear of the trailer. The acoustic area
includes a six-person soundproof booth, a one-person soundproof booth, and
a centrally located control room. Each soundproof booth is constructed of
3-in thick acoustic panels that were erected on the inside of the 4-in
thick acoustic panels that line the walls, floor, and ceilings of the MFL
structure. This acoustic treatment of the test booths resulted in outside
noise attenuation ranging from 38 dB at 125 Hz to 93 dB at 8000 Hz. Two

10



Figure 11,

Views of storage compartment installed on the MFL undercarriage
after storing one ladder assembly (left) and the two external
junction boxes used to provide tzlephone service and remote
electrical cortrol lines to the MTL interior.

ACOUSTIC/COGNI'T/E PERFORMANCE MFL

e
1 1 ™
L____J[o]
ONE-MAN
SOUND
PROOF SUBECT ERIEFING
SIX-MAN CONTROL ROOM HOOTH AND
SOUND PROOF BOOTH -ACOUSTICS- DA"A STORAGE/ANALYSIS
[ conTROL ROOM 1
~PSRFORMANCE- COGNITIVE PERFCRMANCE TEST STATION
\ ;
T i
CARDIOPLLMONARY MFL
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Figure 12. Floor plan layout of each of the three MFL units,
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photographs of the acoustic control room, which show test equipment setup
for a study of drug effects on auditory performance, are shown in Fig. 13.

A general-purpose room, used to brief volunteer subjects and to

store/analyze test data collected within the MFL, is located immediately
forward of the acoustic testing area. The cognitive performance test
facilities consist of a control room and four individual testing statioms
(Fig. 14). Each test station, designed for general-purpose applications
rather than for specific test setups, consists of a built-in subject table
and an overhead shelf to house the cognitive performance stimulus/response
testing equipment. Visual shielding of one subject from another is pro-
vided by lightweight, partition panels that separate the test stationms.
The control room and test stations are electrically interconnected with RS-
232 interface cables to provide for remote as well as local control of the
computer-controlled cognitive performance test battery selected for a given
research application.

CARDIOPULMONARY MFL

The layout of this MFL, shown at the center in Fig. 12, is of semi-
open construction without any full wall-to-wall partitions present except
for the rear room, which houses the sink, shower, and commode facilities.
As with the Acoustic/Cognitive Performance MFL, the testing stations within
this trailer were designed for general purpose applications rather than for
specific biomedical test instruments or devices. Separate areas were
provided for pulmonary function and anaerobic testing, subject examination
and treatment, muscular strength and endurance testing, and aerobic fitness
testing (Fig. 15). The actual equipment that will be installed in these
areas will vary according to the research requirements of each project
implemented within the MFL,

VESTIBULAR MFL

The layout and assignment of testing spaces in the Vestibular MFL,
shown by the floor plan at the bottom in Fig. 12, is highly dedicated
compared to the space assignments in the other MFLs, This arises primarily
because the equipment used in the vestibular tests selected for implementa-
tion in this MFL have relatively rigid constraints in terms of the physical
size of a room required to hold a specific device or testing setup, the
acoustic isolation of the room, or its lightproof qualities. For example,
the rearmost section of the MFL contains a high-performance, servomecha-
nism-controlled motion device, identified as the Off-Vertical-Rotator
(OVR), which is used to gain measures of semicircular camal and otolith
function and related spatial orientation performance. The OVR contains a
chair that can rotate a subject under different velocity profiles about an
axis ranging from Earth-vertical to 30° from vertical, a cylindrical visual
surround used to reflect optokinetic stimuli, and a laser projection assem-
bly to calibrate eye motions. Several photographs of the OVR as viewed
from the room entrance door are shown at the top in Fig. 16. This device
is a permanent installation that requires a given amount of floor space, a
high-degree of sound isolation (to minimize the introduction of external
acoustic noises that might cue the subject as to his instantaneous spatial
orientation), and lightproof doors (to eliminate visual cues). Accord-
ingly, the OVR chair is mounted in a lightproof acoustic booth installed
within the 4-in thick acoustic walls of the MFL.

12



Figure 13. The Acoustic MIL faciiity photographed from the

control room siowing the six-person test booth
(top) and the on2-person test station (bottom).
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Figure 14, The Cognitive Performance MFL showing two adjacent
subject booths in the four-person teszing ar=a (top)
and the related control room (bottom).
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Figure 15. Photographs of the Cardiopulmonary MFL showing the anaercbic

fitness testing room (top left); the muscular strength and
endurance testing room {top right); the pulmonary fumnction
and aerobic testing roon (bottom left); and the head facility
(bottom right).
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Figure

Interior of the Vestibular MFL showing the front (top-left)

and rear (top right) of the Off-Vertical-Rotating Chair;

the air caloric instrumentation rack (bottom left); and the

ataxia instrumentation rack (bottom right).
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The room adjacent to the OVR installation houses equipment for two
different biomedical test applications. The back section is used to ac-
quire data produced by air-caloric irrigation of the ears and has the
primary function of identifying individuals with asymmetric semicircular
canal responses. The console used to acquire the caloric data is shown at
the bottom left in Fig. 16. The forward section of the room contains a
commercially available biomechanics platform and its related instrumenta-
tion that is used to acquire data describing the static postural equilib-
rium capabilities of an individual. The console and the ataxia platform
which the subject stands on is shown at the bottom right in Fig. 16.

Specialized requirements in the vestibular MFL are also reflected in
the two rooms used to implement either Pendular Eye Tracking or Malcolm
Horizon Tracking studies. 1In one room, a seated subject faces a 4-ft x 6=
ft rear projection screen. The second adjoining room contains a laser that
projects a beam through a two-axis, servo-controlled mirror galvanometer
assembly onto the rear-projection screen. For the Pendular Eye Tracking,
the corneo-retinal potential method is used to measure eye motions while
the subjects follow the moving target beam with his eyes. For Malcolm
Horizon studies, the laser beam is modulated to produce a horizontal line
that can be rotated about either the pitch or roll axis while the subject
attempts to maintain the laser line in a fixed orientation with a joystick-
type controller. A view of a subject instrumented for a Pendular Eye
Tracking test is shown at the top left in Fig. 17. The laser scanner-
assembly used to generate the target motions is shown at the top right in
the same figure.

Two different types of tests are conducted in the room at the very
front of the MFL; one involves a performance-based measure of gaze capa-
bility and the other evoked-response measures of sensory/cognitive perform-
ance. In the gaze test, the subject identifies visual stimuli presented on
light-emitting-diode (LED) displays that are spaced so as to require 80°
gaze shifts in either the horizontal or vertical plane. A view of the wall
containing the LED displays used in the gaze function test is shown at the
bottom left in Fig., 17. For the evoked-response test setup, standard,
commercially available equipment is used to average responses produced by
auditory, visual, and somatosensory stimuli., A photograph of the control
console and stimulus generator, installed in one of the control room racks,
is shown at the bottom right in Fig. 17.

The centrally located control room in the MFL houses six electronic
instrumentation racks that contain the equipment and test instruments re-
quired to operate and control the majority of the remotely located testing
stations. The main elements of the control system include two complete
data acquisition systems. Each system has a stand-alone computer, hard-
disk, analog filter, chart recorder, multiprogrammer instrumentation inter-
face, and graphics printer; audio communications and closed-circuit TV
monitoring equipment; test equipment for the maintenance and calibration of
the electronic components of the system; control electronics for the OVR
and evoked-response test setups; and a removable patch panel assembly that
allows an operator to readily change from one experimental configuration to
another in the event of either equipment failure or new testing require-
ments. The six racks that house this bioinstrumentation equipment are
shown in Fig. 18,
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Figure 17.

The Vestibular MFL showing the Pendular Eye Tracking (PET)

room with an instrumented subject (top left); the laser

projection room used to generate the PET target motions

(zop right); the Caze Testing room used to implement the

VORPET test (bottom left); and the -evoked-response instru-

mantation installed in the control room (bottom right).
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Figures 18,

Photograpna of the six instrumentation racks installed in the

ccntro_ room of the Vestibular MFL. These racks house two

stanc-alone deta acguisition systems and related equipment

requireZ to operate and control the various biomedical tests

implemezted in the MFL.
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SUMMARY AND RECOMMENDATIONS

The laboratory has fully met its objective of developing three self-
contained MFLs that can readily acquire biomedical performance data from a
variety of in-country field locations. At the present time, the units are
being used locally to acquire data that will be used to validate a large
multidisciplinary test battery developed by NAMRL to evaluate the effects
of different stressors on pilot performance. Placement of the units in the
field will require the assignment of trained biomedical personnel to each
MFL; indoctrination of these personnel on the specific tests to be imple-
mented in each MFL; and staff familiarization with the procedures to be
followed when securing MFL equipment in preparation for transit operations.

A last point concerns the need for adequate funding for both the
operation and continued maintenance of each MFL. An estimate of the annual
funding required to operate four MFL units (the three new MFL units and a
previously developed Vision MFL) is presented in Table I. These data
derive from the assumptions that all four MFLs will be moved as a group to
a preselected in-country field site four times per year; that each field
trip will last for approximately 30 days; and that additional full-time

Table 1. Estimated Annual Operating Cost for Four MFLs with a Full=-time
Civilian Staff and Four 30~day Field Trips Per Year.

PERSONNEL COSTS: Includes Salary, Acceleration, and Overhead
1. Vestibular MFL

2 ea. GS-9 Data Collection Technician, 57 K ea. $ 114 K
2, Acoustic/Cognitive Performance MFL
2 ea. GS=-9 Data Collection Technician, 57 K ea. 114 K
3. Vision MFL
2 ea. GS=-9 Data Collection Technician, 57 K ea. 114 K
4, Cardiopulmonary MFL
3 ea. GS=-9 Data Collection Technician, 57 K ea. 171 K
1 ea. GS=-12 Medical Officer 75 K
1 ea. GS-11 Physiologist 59 K
5. Field Support Staff
l ea, GS-1ll1 Field Manager 59 K
l ea. GS~11 Electronic Technician 59 K
STAFF PER DIEM COSTS:
1. 13 Staff Members, 120 days, $85 day average 133 K
2, 3 ea. Rental Cars, 120 days, $36 day average 13 K
SITE SUPPORT/MAINTENANCE/UTILITIES
1. 1 k per MFL per Month 16 K
MISCELLANEOUS COSTS
1. Self-propelled MFL, Maintenance Shop,l K per month 4 K
2, MFL Transportation, 4 K per MFL per trip 64 K
3. Biomedical Equipment Maintenance Contracts 100 K

TOTAL ESTIMATED COST $ 1095 K
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civilian billets will be provided to staff and operate the MFL units. If
it is decided to utilize an outside contractor to furnish the manpower ser-
vices, it is probable that the personnel costs will at least equal the
Table I projections. In essence, adequate funding and staffing must be
provided to fully support the NMRDC work units that will utilize the MFL
units to meet project objectives.
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