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SMITH SD. Cockpit seat and pilot helmet vibration during flight and the performance of helmet-mounted systems is the
operations on aircraft carriers. Aviat Space Environ Med 2004; 75: low frequency buffeting (7-8.5 Hz) characteristic of
247-54.

Introduction: Human vibration exposure data relative to military aerial combat maneuvers in the F-15 fighter aircraft (10).
tactical and strategic aircraft operations are required for assessing the This buffeting was associated with involuntary head
potential health risks and performance consequences when using he!- motion that led to a slower than desired target lock-on
met-mounted equipment. The objective of this study was to characterize time of a helmet-mounted targeting and display sys-
cockpit seat and pilot helmet vibration in a jet aircraft during aircraft tern.
carrier flight operations. Methods: The Remote Vibration Environment
Recorder (REVER) was used to measure triaxial accelerations at the seat It is also known that compensatory eye movement
base, seat pan, seat back, and helmet in the F/A-1 8C (Hornet) jet aircraft. becomes ineffective in stabilizing images moving with
Data were collected during flight operations on 2 aircraft carriers for a the head at low frequencies (< 20 Hz), causing visual
total of 11 catapult launches (CATs), 9 touch-and-goes (TGs), and 4 blurring when using a helmet-mounted display (HMD)
arrested landings (TRAPs). Helmet pitch acceleration and displacement
were estimated from the helmet translational acceleration data. Results: (5). During low frequency head rotation, the vestibular-
Of particular interest was the substantial low frequency seat and helmet ocular reflex (VOR) acts to stabilize the line-of-sight
vibration observed during the catapult launch. During the stroke period, between the eye and a viewed object by producing eye
seat and helmet vertical (Z) accelerations reached 6 and 8 g peak-to- rotations in the opposite direction. This compensatory
peak, respectively, and occurred in the frequency range of 3-3.5 Hz. eye movement has been shown to be effective to oscil-
The associated helmet pitch reached peak-to-peak displacements rang-
ing between 90 and 180. Discussion: The large helmet rotations may be latory motion as high as 20 Hz (12). Below about 1-2

associated with helmet slippage that can cause partial or complete loss Hz, pursuit eye movements can suppress the VOR (3).
of the projected image on a helmet-mounted display (HMD) (vignetting). With an HMD, the image moves with the head and
This is highly undesirable when using the HMD as the primary flight compromises the effects of both the VOR and compen-
reference. The aircraft operational vibration can be regenerated in the satory eye movement, causing visual blurring. In addi-
laboratory for investigating this specific concern. The goal is to develop
helmet-mounted equipment design guidelines that consider hostile vi- tion, it is speculated that any helmet slippage that may
bratory environments, occur during whole-body vibration could exacerbate
Keywords: whole-body vibration, helmet-mounted systems, head vibra- the visual blurring and even lead to partial or total loss
tion, transmissibility. of the projected image (vignetting). Recently, helmet

slippage was estimated during laboratory exposures to
F-15 buffeting and a flat acceleration spectrum (11).

NTIL RECENTLY, biodynamic data on the trans- Off-axis head orientations expected to occur during
U mission of aircraft vibration to the occupants of aerial combat maneuvers were shown to significantly
military fighter aircraft were nonexistent. Any informa- increase both the head motion and helmet slippage
tion pertaining to human exposure was extrapolated during both types of exposure.
from structural data available on the vehicle. In general, The Joint Strike Fighter (JSF) program has supported
under good weather conditions and level flight, little the development of the Remote Vibration Environment
vibration of any consequence to human health, safety, Recorder (REVER) and the collection of human vibra-
or performance is expected in these aircraft. However, tion data during military flight operations. This study
undesirable effects may occur under less than ideal directs attention to the vibration environment occurring
weather conditions, during certain tactical maneuvers in high performance JSF legacy aircraft during aircraft-
and special operations, and with the use of head-
mounted devices. It is known that head motion can be
increased above the vibration level generated at the seat From the Air Force Research Laboratory, Human Effectiveness
for exposures below 10 Hz due to human body sensi- Directorate, Wright-Patterson AFB, OH.

This manuscript was received for review in May 2003. It was
tivity in this region (6,7). In addition, helmet weight, revised in September and October 2003. It was accepted for publica-

center-of-gravity, and head/helmet orientation have all tion in October 2003.

been shown to affect head/helmet motions and may Address reprint requests to: Suzanne D. Smith, Ph.D., AFRL/

contribute to performance degradation, discomfort, and HEPA, 2800 Q Street, Wright Patterson AFB, OH 45433-7947;
possibly health effects (1,2,4,8,9). One example of the suzanne.smith@wpafb.af.mil.
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carrier flight operations. These operations include the sure the vibration transmitted to the occupant via the
catapult launch (CAT), touch-and-go (TG), and arrested seat pan and seat back. Each pad consisted of a flat
landing (TRAP). Given the restrictive space available on rubber disk measuring approximately 20 cm in diame-
an aircraft carrier for aircraft flight operations, special ter and weighing 355 g (with connecting cable). A tri-
procedures are used for launch (take-off) and recovery axial accelerometer pack was embedded in the disk.
(landing). In addition to the aircraft engines, steam- The pads were either attached to the seat pan and seat
powered catapults provide thrust to the aircraft during back cushions using double-sided adhesive tape or
launch (CAT). A launch bar located at the nose landing sewn onto the respective cushions. Cable connections
gear of the aircraft is attached to a catapult shuttle. Once between the accelerometers and DAU were made via
the catapult reaches a predetermined pressure, the breakaway connectors that required less than 21.8 N to
shuttle is released in its track and the aircraft travels separate. A triggering device weighing 20 g was used to
down the deck. At the end of the stroke period, the initiate the data collection during each event. The DAU
shuttle strikes a water break and the aircraft is released, was set up to automatically collect simultaneous data
becoming airborne moments later. During a TRAP, a from all channels for 90 s on pilot initiation. The accel-
tail hook drops from the rear of the aircraft and snags eration data were low-pass filtered at 250 Hz (anti-
one of four arresting wires or cables located across the aliasing) and digitized at 1024 samples per second. The
deck. The wires are connected to hydraulic rams lo- digitized data were downloaded onto a computer at the
cated beneath the deck that slow the aircraft to a stop. end of each mission.
During a TG, the aircraft contacts the deck for a brief Data were collected from two F/A-18C Hornet air-
period and takes off again, without snagging a wire. craft during two mission periods with one pilot (Pilot 1)

The objective of the study was to measure and char- on Carrier A. The events included six CATs, five TGs,
acterize jet aircraft cockpit seat and pilot helmet vibra- and one TRAP. Data were also collected from one F/A-
tion during the CAT, TG, and TRAP. Data were col- 18C Hornet during three mission periods with two
lected during F/A-18C (Hornet) flight operations pilots (Pilot 1, Pilot 2) on Carrier B. The events included
aboard two aircraft carriers (Carrier A and Carrier B). five CATs, four TGs, and three TRAPs. Pilot 1 partici-
REVER was used to collect triaxial acceleration data at pated in data collection on both Carriers A and B. Data
the seat and helmet. The goal was to estimate the seat from two of the missions on Carrier B were obtained
and helmet motions that may be expected in the JSF from the same pilot (Pilot 2). Both test pilots were from
aircraft during carrier flight operations. These data, Test and Evaluation Squadron 23, Patuxent River Naval
along with recent laboratory studies, are being used to Air Station, MD. The pilots wore standard flight hel-
identify potential health risks and performance conse- mets without helmet-mounted devices.
quences associated with vibration exposure, with the Profiles of 10 s each were extracted from the mea-
focus on integrating helmet-mounted systems into mil- sured 90-s segments to include the clearly observed
itary tactical and strategic aircraft. event (CAT, TG, TRAP). For the two mission periods on

Carrier A, data processing and analysis were limited to
METHODS the triaxial accelerations measured at the helmet top

This study was exempted from review by an Institu- and seat base, and the Y and Z accelerations measured
tional Review Board since the participants were test at the seat pan. From the 10-s profiles collected on
pilots performing their normal carrier deck flight du- Carrier B, helmet pitch acceleration was estimated as
ties. This study was conducted as part of an approved the difference between the acceleration measured in the
Naval Air Systems Command test plan that included an Z direction at the helmet top and helmet back divided
equipment flight clearance, by the length of the moment arm between the two

The REVER data acquisition unit (DAU) (EME Cor- helmet measurement sites, estimated from photo-
poration, Annapolis, MD) used to collect the seat/hel- graphs. Helmet pitch displacement was estimated from
met acceleration data is a battery-operated system the helmet pitch acceleration. Since the pitch profiles
weighing approximately 1.4-1.6 kg and is carried on did not end at the same point, the mirror image of the
the inside left pocket of the pilot's survival vest. Triaxial signature was appended to the end of the original pro-
accelerometer packs were attached to the seat and hel- file to minimize possible end effects. The resultant pro-
met for measuring accelerations in the fore-and-aft (X), file could then be treated as one cycle of a periodic
lateral (Y), and vertical (Z) directions. The packs were signal. The Fast Fourier Transform (FFT) of the ex-
comprised of miniature accelerometers (Entran EGAX- tended profile was calculated. All complex components
25, Entran Devices, Inc., Fairfield, NJ) arranged orthog- occurring at frequencies whose absolute values were 2
onally and embedded in a Delrin® cylinder. Each pack or less were set to 0 (mimicking a 2 Hz high-pass filter).
measured 1.9 cm in diameter and 0.86 cm in thickness In order to obtain the displacement, the complex FFT
and weighed approximately 5 g (25 g with connecting components were multiplied by -1 t-&2 , where to is the
cable). The packs were secured using double-sided frequency in radians per second. The inverse FFT was
mounting tape. One triaxial accelerometer pack was applied to the complex displacement frequency compo-
located at the rigid base of the pilot seat for estimating nents and the resulting displacement truncated back to
the vibration entering the seating system. Two packs the original time interval (9,10).
were located on the top and back of the helmet, respec- In order to isolate the vibration to a lower frequency
tively, for estimating the helmet multi-axis translations range of concern, each 10-s profile was resampled at 64
and pitch rotation. Acceleration pads were used to mea- samples • s-1, providing data points at 0.016 s intervals
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base only); b.) Carrier B, Pilot 1,
b. CATA3.

(Matlab®, The Mathworks, Inc., Natick, MA). The pro- where i represents the ith frequency component and 0.5
cess applies an anti-aliasing FIR filter with a Kaiser is the frequency resolution. The frequency bandwidth
window. Each specific event (CAT, TG, TRAP) was was 32 Hz (Nyquist frequency). The results were used
further isolated from the resampled data by extracting a to confirm major frequency components associated
4-s time history segment from each 10-s profile. Welch's with each event. All acceleration and displacement re-
Method (9,10) was applied to the 4-s time histories to sults reported in this study are with respect to the
estimate the acceleration and displacement power-spec- resampled data.
tral densities. This method further divided the signals
into 2-s segments with 50% overlap (3 segments). A RESULTS
Hamming window was applied to these segments, and
the resultant power spectral densities averaged. The In general, the seat base, seat pan, and seat back
rms acceleration levels were calculated as showed similar acceleration levels for each event, with

some exceptions as described below. Fig. 1 illustrates
RMS, = ý(PSD*0.5) Eq. 1 the actual seat and helmet translational accelerations

Aviation, Space, and Environmental Medicine - Vol. 75, No. 3 - March 2004 249



SEAT AND HELMET VIBRATION-SMITH

measured during a CAT on board both Carrier A (Fig. CARRIER A, PILOT CATB5
la) and Carrier B (Fig. 1b). These time histories are 1.00
characteristic of the data collected for the 11 CATs. The "E2 Seat Base Z
initial shuttle release was marked by a sudden increase .. - Sta
in the seat X acceleration to approximately 3 g on Car- 1- 0.75 T Seat Pan Z
rier A and approximately 2 g on Carrier B. In the seat Z 4 --- Top Helmet Z
direction, higher frequency oscillations (around 20 Hz 9 "-i-- Back Helmet Z
or greater) were initially observed with the maximum F 0.50
level ranging between 4-5 g (with resampled data),
followed by an abrupt deceleration with a maximum
level of about -2 to -3 g. From the time histories, it • 0.25
appeared that the catapult stroke lasted between 2.0- U
2.5 s on Carrier A (Fig. la). The catapult stroke period Q
tended to be longer on Carrier B, lasting between 2.5-3 < 0.00, • .............. .

s (Fig. 1b). The difference was most likely due to the
longer catapult stroke length on Carrier B. In addition, 0 2 4 6 8 10
there appeared to be a gradual increase in the X accel- FREQUENCY (Hz)
eration during the stroke period that was more pro-
nounced on Carrier B, where the highest increases CARRIER B, PILOT 1, CATA3
reached 1-1.5 g. This increase is not shown in the ex- 1.00
ample depicted in Fig. lb. In the Z direction, very - Seat Base Z
distinct low frequency vibration was observed follow- Seat Pas Z
ing the catapult release that gradually dampened out j 0.75 a Seat Pan Z
prior to the end of the stroke period (Figs. la and 1b). z --- Top Helmet Z
The highest seat Z accelerations approached 6 g peak- 9 --A-- Back Helmet Z
to-peak at the seat pan, with the seat pan tending to - 0.50
show higher accelerations as compared with the seat
base. At the end of the stroke, the seat accelerations •
returned to the original level in the X direction. In the Z • 0.25
direction, the seat accelerations suddenly increased and Q
then rapidly decreased, with the higher frequency os- U
cillations reaching peak-to-peak levels between 5-9 g 0.00
and the higher accelerations tending to occur at the seat 0 2 4 6 8 10
pan.

Low frequency oscillations were observed at the hel- FREQUENCY (Hz)
met in the X direction during the first 1-1.5 s of the
stroke period. These motions were more substantial as 1.00 CARRIER B, PILOT 2, CATD3
compared with the small oscillations observed, to vary- 1.0
ing degrees, at the seat, as shown in Fig. 1. While the X E - Seat Base Z
oscillations are clearly seen at the top of the helmet for -7-- Seat Pan Z
both pilots in Fig. 1, these oscillations were even more Top Helmet Z
dramatic for Pilot 2 at both the helmet top and back ---- Bac Helmet z
measurement sites (not shown). The highest helmet X -- c
accelerations reached about 6 g peak-to-peak (Pilot 2). • 0.50
As observed at the seat, the helmet also showed very
distinct low frequency Z vibration, following the cata-
pult release, that gradually dampened out prior to the • 0.25
end of the stroke. The highest helmet Z accelerations U

Ureached almost 8 g peak-to-peak. The coincidence of the
low frequency X and Z motions at the helmet during the 0.00
stroke period suggested the presence of helmet pitch. 0 2 4 6 8 10
Differences in the vibration measured at the top and FREQUENCY (Hz)
back of the helmet in a specific direction also indicated
the presence of helmet pitch. The helmet X peak-to- Fig. 2. Examples of the estimated Z rms acceleration frequency re-
peak motions associated with the end of the stroke sponses for the CAT.
appeared to be higher than the peak-to-peak motions
observed at the seat, as dramatically shown in Fig. la at frequency spectra at the seat and helmet for three of the
the top of the helmet. However, the higher frequency Z CATs. The spectral data confirmed the presence of rel-
seat vibration (noise) observed at the beginning and atively high magnitude low frequency vibration at
end of the stroke period appeared dampened at the around 3-3.5 Hz and the relative differences in the peak
helmet. magnitudes occurring between the seat base, seat pan,

Fig. 2 illustrates the estimated Z rms acceleration and helmet. Differences were also observed in the ver-
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tical motions at the top and back of the helmet between TRAP for all measured events on Carrier B. Differences
the two pilots (Carrier B). The relatively high Z helmet in the peak-to-peak helmet pitch displacements were
motion observed at 0.5 Hz for Pilot 1 during the CATs observed between the two pilots during each specific
on Carrier A (Fig. 2) most likely reflected the decrease event, as well as for an individual pilot during a re-
in the helmet sustained acceleration observed during peated event. As suggested by the translational data
the stroke period. The deceleration reached -2 g at the shown in Figs. 1 and 3, the highest helmet pitch accel-
end of the stroke period as illustrated in the example erations and displacements occurred during the CAT.
shown in Fig. la. The deceleration was not observed at The helmet pitch displacements were particularly dra-
the seat. As indicated in Fig. 1, Y vibration at the helmet matic during the initial stroke period, ranging from
was relatively low compared with the other directions. approximately 9' peak-to-peak to 170 peak-to-peak (Ta-
However, higher levels of Y oscillations tended to occur ble I), with substantial motions occurring around 3-3.5
at the helmet as compared with the seat. Hz as confirmed by the acceleration frequency spectra

Fig. 3 illustrates the actual seat and helmet transla- (not shown). Both the helmet pitch accelerations and
tional accelerations measured during a TG (Carrier B, displacements coincided with the seat and helmet
Pilot 2, TGD6) and are characteristic of the data col- translational motions observed during the initial stroke
lected for the nine TGs. Low frequency vibration asso- period in the X and Z directions (Fig. 1). The pitch
ciated with the TG was, in general, of lower acceleration motions were dampened prior to the end of the stroke
magnitude as compared with the CAT, particularly in period. At the end of the stroke, the pitch displacements
the vertical direction, and occurred primarily below 10 increased again (Fig. 4), ranging from 90 peak-to-peak
Hz as confirmed in the acceleration frequency spectra to 180 peak-to-peak at low frequency. Although the seat
(not shown). Seat oscillations associated with the initial pan responses were similar, variable peak-to-peak hel-
contact between the aircraft and carrier deck were ob- met pitch was observed during the five launches on
served in all three directions as shown in Fig. 3a. While board Carrier B. As shown in Table I, Pilot I showed the
the higher frequency vibration observed at the seat highest helmet pitch during the initial stroke period
tended to be dampened at the helmet, lower frequency (A2), while Pilot 2 showed the highest helmet pitch at
helmet motions were observed in both the X and Z the end of the stroke period (B3).
directions. The maximum peak-to-peak helmet motions As depicted in Fig. 4 and Table I, the helmet pitch
approached 4 g in the X direction (top helmet, Carrier motions associated with TG were relatively small. The
A, Pilot 1, TGA10), and 5 g in the vertical direction peak helmet pitch accelerations coincided with the
(back helmet, Carrier B, Pilot 2, TGB10). The helmet translational responses occurring during initial deck
motions were noted in both directions for Pilot 2 and contact (Fig. 3a) and were limited to a few cycles. The
primarily in the X direction for Pilot 1, and were limited low frequency helmet pitch displacements occurring
to a few cycles. Fig. 3a shows that very low frequency around 2-3 Hz were confirmed by the acceleration fre-
motion (about 2 Hz or less) occurred in the Z direction quency spectra (not shown).
at both the seat and helmet, but was completely damp- During the TRAP, the highest helmet pitch motions
ened after about 2-3 cycles, occurred within the first second of the activity (Fig. 4),

Fig. 3b illustrates the actual seat and helmet transla- as suggested by the presence of both X and Z helmet
tional accelerations measured during a TRAP (Carrier oscillations in the translational data (Fig. 3b) on initial
B, Pilot 1, TRAPA5) and are characteristic of the data contact with the deck. These pitch motions were higher
collected for the four TRAPs. The most marked feature as compared with the initial motions observed during
associated with the TRAP was the increase in the X the TG, as documented in Table I for the peak-to-peak
deceleration occurring within the first second of the displacements. The concentration of vibration at low
event. The deceleration was constant for a 1-2 s period frequencies below 10 Hz was confirmed by the acceler-
followed by an increase in the acceleration. Again, ation frequency spectra (not shown).

higher frequency vibration was dampened at the hel-
met. Low frequency X oscillations (less than 10 Hz) DISCUSSION
were noted at the helmet, particularly during the initial This study measured and characterized the vibration
deceleration period. Very low accelerations were ob- occurring at the cockpit seat and pilot helmet in the
served in the Y direction. The initially high helmet F/A-18C aircraft during the CAT, TG, and TRAP on
accelerations reached maximum oscillations of around board two aircraft carriers. The most marked feature
5 g in both the X (top helmet, Carrier B, Pilot 2, among all of these events was the low frequency vibra-
TRAPD7) and Z (back helmet, Carrier B, Pilot 2, tion (3.5 Hz and below) measured at the seat and hel-
TRAPD7) directions. As with TG, very low frequency met during the CAT, particularly in the vertical trans-
oscillations (approximately 2 Hz or less) were observed, lational measurements and in the helmet pitch
but lasted for a longer period of time during the TRAP. estimations. These low frequency oscillations were

Fig. 4 illustrates representative helmet pitch acceler- most likely due to the reaction of the landing gear strut
ations and displacements estimated from the transla- mechanism. On release of the catapult shuttle, the strut
tional data collected on board Carrier B for the CAT, mechanism was initially excited, but the motion damp-
TG, and TRAP. Table I lists the maximum helmet pitch ened as the aircraft traveled down the deck. The brief
peak-to-peak displacements associated with the initial oscillations occurring at the end of the stroke also ap-
catapult stroke period, end of stroke, initial deck contact peared to be associated with the reaction of the struts
during the TG, and initial deck contact during the when the catapult shuttle hit the water break. Following
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measured during a. TG (Carrier B, Pilot
2, TGD6) and b. TRAP (Carrier B, Pilot

b. 1, TRAPA5).

the end of the stroke, the aircraft remained on the deck aircraft was airborne. In the case of the TRAP, the
for about another quarter of a second. During the TG, aircraft remained in permanent contact with the deck
the results suggested that the initial low frequency mo- and the low frequency motions eventually dampened
tions observed at the seat and helmet were due to the out. With the limitations imposed on measuring oper-
reaction of the landing gear struts on initial contact with ational vibration, and the suggestion that the helmet
the carrier deck, as the motion disappeared once the motions may vary among individuals, higher (or lower)
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levels of low frequency vibration (below 10 Hz) may during carrier deck flight operations. The focus of the
occur for all three events investigated in this study previous study was on the effects of head/helmet ori-
among a larger population of pilots and aircraft. entation on head/helmet motion, helmet slippage, and

The oscillations or vibration measured in this study tracking performance more associated with the use of
did not appear to be of any immediate consequence to helmet-mounted targeting and display systems and did
the pilots' health. Both test pilots were experienced with not address these effects on the HMD. The multi-axis
carrier flight operations and have not reported any flat acceleration spectrum used in the study did show a
health symptoms related to this activity. The results of maximum displacement of around 2.5 Hz, as expected
this study do suggest that there may be potential con- given the relationship between displacement and accel-
sequences of carrier flight operations on the perfor- eration. The peak head, helmet, and helmet slippage
mance of helmet-mounted equipment, particularly pitch displacements were observed in the frequency
when considering the use of the helmet-mounted dis- range of 2-6 Hz. While the peak head pitch transmis-
play as the primary flight reference. During the CAT in sibility during exposure to vertical vibration has been
particular, the helmet rotational motions were quite reported to occur primarily above 4 Hz (most notice-
high. These rotations could compromise the effective- ably between 5 and 6 Hz) (7), vibration exposure at
ness of compensatory eye movement in stabilizing the lower frequencies can cause significant head/helmet
projected image. The rotational motions are of greater displacements and possible helmet slippage as sug-
concern than the translational motions when using an gested in the previous study (11). It is noted that the
HMD since the image is typically collimated and at helmet displacements measured during carrier flight
optical infinity. However, the low frequency motions operations were substantially higher as compared with
disappear once the aircraft leaves the deck. If the HMD the displacements measured in the laboratory study.
is not critical during the CAT, then any visual blurring The question that remains is what amount of slippage
during the catapult stroke period may be inconsequen- would be required to cause partial or complete loss of a
tial. projected image. This slippage depends on the fre-

It was not known to what extent helmet slippage quency and amplitude of the motion as well as the
contributed to the rotational motions measured during helmet fit and warrants further investigation. Any im-
the operational vibration exposures. A method for cal- age vignetting is undesirable for a primary flight refer-
culating helmet slippage was developed in this labora- ence and could lead to serious performance degrada-
tory (11) but would not have been suitable for use tion once the pilot leaves the deck.

TABLE I. MAXIMUM PEAK-TO-PEAK HELMET PITCH DISPLACEMENTS (DEGREES) (CARRIER B).

Catapult Launch Touch-and-Go Arrested Landing

ID Begin End ID Contact ID Contact
Pilot 1 (CATA2) 17.26 9.31 Pilot 2 (TGB10) 2.16 Pilot 1 (TRAPA5) 6.82
Pilot 1 (CATA3) 13.99 10.43 Pilot 2 (TGD4) 1.94 Pilot 2 (TRAPB7) 3.27
Pilot 2 (CATB3) 9.26 18.34 Pilot 2 (TGD5) 2.19 Pilot 2 (TRAPD7) 4.26
Pilot 2 (CATB6) 12.05 9.15 Pilot 2 (TGD6) 2.4
Pilot 2 (CATD3) 13.10 10.91
MEAN 13.13 11.63 MEAN 2.17 MEAN 4.78
SD + 2.91 ± 3.82 SD ± 0.19 SD ± 1.83
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