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Safe Harbor Statement Under the Private Securities Litigation Reform Act of 1995

Safe Harbor Statement for Purposes of the “Safe Harbor” Provisions of the Private
Securities Litigation Reform Act of 1995: This presentation contains “forward-looking”
statements, which are not historical facts, but are forward looking statements within the
meaning of the Private Securities Litigation Reform Act of 1995. These statements relate
to analyses and other information based on forecasts of future results and estimates of
amounts not yet determinable. These statements also relate to our future prospects and
proposed new products, services, developments or business strategies. These forward-
looking statements are identified by their use of terms and phrases such as “anticipate”,
“believe”, “could”, “estimate”, “expect”, “intend”, “may”, “plan”, “predict”, “project”, “will”,
“continue” and other similar terms and phrases, including references to assumptions.
Although we believe that the expectations reflected in any of our forward-looking
statements are reasonable, actual results could differ materially from those projected or
assumed. Our future financial condition and results of operations, as well as any forward-
looking statements, are subject to changes and to inherent known and unknown risks and
uncertainties. Such risks and uncertainties include those set forth in our SEC filings. We
do not intend, and undertake no obligation, to update our forward-looking statements to
reflect future events or circumstances.
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Presenter
Presentation Notes
Statements made during this presentation are based on information available to Luna as of today's date. 


TC 8-840

* Measurements of warfighter posture, head
angle, leg + arm positions and weapon
orientation are critical to understanding the
effectiveness of new equipment and
limitations to the warfighter’s range of motion.

TRAINING CIRCULAR

JOINT
MOTION
MEASUREMENT

* Non-line of sight situations create
additional challenge in the ability to make
these measurements.

POSITIONING OF PATIENT GONIOMETRIC MEASUREMENT OF
COMPLETED MOTION HEADQUARTERS, DEPARTMENT OF THE ARMY

* Need to evaluate warfighter range of
motion while using new equipment and the
effectiveness of their performance in solo and
team scenarios.

« Current technology is not adequate to
address these measurement needs
accurately without influencing the test
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System Overview (%)
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Orientation and Posture TRACKking system (TRAC)

 TRAC is a lightweight body shape,
head orientation, and posture
measurement system

* Enable testing and evaluation of
equipment and environmental effects
on physiology (range of motion) in
tactical (dynamic) scenarios

« Ultilize fiber optic shape sensing
technology integrated into a bodysuit
as a means of providing the positions
of the warfighter’s body

System components:
« Fiber Optic Shape Sensors * Portable electronic data acquisition system

« Body Suit Integrator « Signal processing software
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Technical Background — High Definition @
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Fiber Optic Sensing
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Reflected light from minute differences in the local index of refraction of the fiber
core can be used to determine the degree to which the fiber is strained as a result
of a thermal or mechanical stimuli.

. o STrr Coating
T [ ( \ 3 o Light-Guiding Fiber
Backscatter Frequency

shift correlates to change in
applied strain or temperature
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Example of High Definition Fiber Optic
Sensing of Strain

Data from fiber bonded along edge of holes

L
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f.0)  Sensing of Shape using Strain
S’ Measurements from Opti

Cal Fi ber jr;“mn-'(‘-ﬁ

« Helical, 4-core optical fiber

e Distributed strain measured
on each core

 Differential strains converted
to 3D shape

e Under curvature:

(B) Core on Neutral Axis 7Q///

Monolithic Silica Glass
Fiber (< 500pm OD)

Helixed Outer Cores
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« Suit is fabricated from a lycra material with mesh that allows the sensors to be
routed based on the subjects physiology

« Located on the suit is a box containing the beginning point of the sensor
measurement

* Sensors are connected to a battery powered acquisition system located in a
pack on the users back

Box containing the sensors has an inertial

measurement unit (IMU) to account for rotation backoack
l | IN Av of the subject in the global coordinate frame ackpac

located in a
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Two days of testing were performed at Aberdeen Test Center to evaluate the durability and
impact of the system on test subjects under relevant conditions

* Results from this testing are being used to
improve the overall system design and integration

« 2 Army test subjects and 1 Luna representative
were fitted with the suits and representative
sensors

« Testing used standard telecom fiber in lieu of
shape fiber

« Enabled durability to be assessed after each
exercise by scanning with a reflectometer

* Range of Motion (ROM) study conducted to
determine degradation

« Tactical Mobility Performance and Compatibility
studied through 2 mile march, obstacle course,
and weapons compatibility
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Human Factors Test

« Baseline range of motion (ROM) was assessed with the test subjects wearing ACU
« Second baseline with ACU and Improved Outer Tactical Vest (I0TV)
* Repeated for both cases with the TRAC unit as well

* Aloss of ROM greater than 20° T —
was considered significant. e e | e | e
Measurement | ACU | TRAC | Gain | IOTV | 10TV [ Gain | ACU | TRAC | Gain | 10TV | 10TV [ Gain
¢ ROM measurements results e 176 | 152 | 24 | 141 | = 02 | 49 | 168 | 141 | 27 | 151 | 131 | 20
showed a consistent loss in ROM | —5Ea8 28— —ia | or o1t =0 63 | 140 |3 | s | 708 | =io
for shoulder flexion and knee Eow flaion | T30 | 123 |16 | a0 | s |25 38 e 1 | w9 v |2
flexion with the TRAC suit. O caion 107 | 112 | 5| 80| o1 | 2| o3| o | -3 | 8 | 77| -8
Adduction 48 | 57 | 0 | 41| 40| -1 | 47| 5 | 5 | 45 | 51 6
« The ROM data showed Abduction 75 | 78 3 | 74] 61| 13 | 67 ] 68 ] 1 | 61 | 61 0
instances of anomalies, for TPN 1 8056+ o0 i o Bt 5 w0 B
in particular, where the results T pansion 73 | =38 | 35 | 72| 73| 1| 3| 41| 12| 48 | 54 6
were not as expected. For Flexion B0 | 69| 20 | @0 77| 3| 84| @ | 9 | ® | 76| -6
example, a gain in ROM when a TR N I N N S o A I I
loss was expected. e N 0 - 1 O A

LUNA

DEFYING IMPOSSIBLE.

NDIA Human Systems Conference 2017 10



Human Factors Test

« Tactical Mobility Performance and Compatibility

e 2-miroad march

« Soldier Systems Test Facility (SSTF) portability course
« Static weapons compatibility trial with the M4.

 General comments were that

the system was easy to don/doff TABLE B-2.2-3. MISSION ACTIVITIES EVENT RATINGS
’ FeedbaCk from the teStIng Fit and S |-£FN1 C tibility/ Fit and S |-:1-!:‘N2 C tibility/
) ) it an oldier ompatibili it an oldier ompatibili
concluded that the SUbJeCtS did Mission Comfort | Performance | Interference | Comfort | Performance | Interference
f g ACU and TRAC
not feel much restriction Targel acquisiton.
1 1 Standing 5 ) 5 5 5 5
wearing the suit Krosling > 2 > > > 2
P 4 3 3 5 5 5
- Data collected on Foot march 3 ; ; 3 3 ;
H H H Obstacle course 3 4 4 2 3 3
shock/vibration using SR
T t isition:
accelerometers aé%gng;qg“'s' ion . c . c . :
Kneeling 5 5 5 5 5 5
Prone 2 4 4 5 5 5
Foot march 2 4 4 3 4 4
Obstacle course 2 4 4 3 5 4

Poor
I a Very | Slightly | Neutral | Good Excellent
I 1 2 3 4 5
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-48.7603 - Table 1: Sensor lengths at various key stages of testing.

m dB/mm
S T 1o e T4 boopecta ¥ 3 Suit Suit | After Obstacle | After Obstacle | Upon
60,0000~ -2.36543E+0  0.00000E+0 Y Sensor Initial ) : . .
o000 kLt Ldsmrabbl L Ll 5ok Number | Length Removed | Donned course with | course without | Retuming to
CO n n ector RetLoss(dB)  -38.35765 (Day 1) (Day 2) Body Armor Body Ammor Luna
PrfCesE | e T7 2.365 2.365 2365 2.365 2365 2365
T3 2.384 2.384 2384 2.384 2.384 2384
Flber End T8 2.402 2.402 2.402 2.402 2.402 2.402
£ T4 2347 2347 2.092 2.092 2.092 2.092
ety ik T9 2.366 2.566 2.566 2.366 2.566 2.566
SOy ] T1 2420 2.420 2.420 2420 XX 2420
i T T2 2347 2347 2347 2347 2347 2347
' T3 2420 2.420 2.420 2420 2.420 2420
T6 2.402 2.402 2.402 2.402 2.402 2.402
T10 2.329 2.329 2.329 2.329 2329 2.329

T M Group Index

Data from Sensor T7 used to determine the length of the sensor
at different test intervals.

» Fiber durability was checked by measuring its length after each test

* Only one of the sensors, T4 located on the Left Arm of Subject 2, experienced a failure
during the test.

e This failure was 30 cm from the end and would align with the subject’s elbow.

« The remaining 9 sensors survived all of the studies as well as remaining installed into the
suit as it was taken on and off twice.

LUNA

DEFYING IMPOSSIBLE.

NDIA Human Systems Conference 2017 12



Residual Strain as a Result of Test

Activities

* Residual strain was
calculated using the backscatter
pattern in the fiber

e Data aligned to where the
shape measurement would
begin

e 100 pe or less residual stain
was observed in the region of
the sensor that would be used
for shape sensing

* This level of residual strain is
unlikely to significantly affect the
shape measurement accuracy

LUNA-
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T7 - Right Leg Subject 2 Day 2
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Laboratory Testing
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Interpretation of Shape Data

< Data is output in the form of coordinates x,y,z along the length of the fiber which
enables heading, pitch, and roll of defined segments

e Shape is typically displayed as a projection in three planes

Fiber Optic

File Options Tools Help

» Specific regions of »
the fiber can be
selected and the angle LUNA

FORM +CMM

o] & FATRACKSystem Tests\F2 Knee Flexd\A\S

between them bt iy
calculated Al Units: (TR
System Control 2 .
® Enables dlﬁerentlal ?;th_ . i Segl;'lent Relative =
- Angle (SVD)
measurements of M ot e i -

Log Buffer Full Segment Relative

heading, pitch, and roll [JIEEE = L e
g’ p ! B XYZonly = g

W Log Filtered Twist

A E
] B

B Log Measurment Results

B Data Quality Threshold

Endpoint BW

Elg
B

Vertical Position Z

i '
-150 -100
Longitudinal Position X
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Characterization Testing

2 plates were manufactured with patterned grooves to test the accuracy
and repeatability of the sensors

* Range determined from MIL-STD-1472G,
TABLE XXXVI. Range of human motion

* Shoulder Flexion: Upper Limit of 190° L
e Hip Adduction: Lower Limit of 15° IEE

« Both plates have both 1/8” and 1/16”
grooves to accommodate current and future
sensor designs

* General procedure to insert the sensor into
the groove defined in the test matrix, make the
measurement, and remove and repeat 7-9
times

* Plates verified using Faro Arm
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* Relative
accuracy refers to
the angle between
two segments

e Absolute

accuracy refers to
the angle from the
start of the sensor

LUNA-
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2D Angular Accuracy

2D Relative Angle Test 2D Absolute Angle Test

Sensor ID: B129-02 Sensor ID: B129-02

System ID: G3-2B System ID: G3-2B

Zone: 2/3 Zone: 3

Basic Mean Standard Basic Mean Standard

. Error, . Error,

Angle, Measured Deviation Degrees Angle, Measured Deviation Degrees

Degrees Angle, Degrees |, Degrees Degrees Angle, Degrees |, Degrees
15 14.9 0.1 0.1 15 14.9 0.2 0.1
30 29.8 0.2 0.2 30 29.9 0.1 0.1
45 44.8 0.2 0.2 45 44.9 0.2 0.1
60 59.9 0.3 0.1 60 59.9 0.1 0.1
75 74.7 0.1 0.3 75 75.0 0.1 0.0
90 89.8 0.2 0.2 90 90.0 0.0 0.0
105 104.9 0.2 0.1 105 104.9 0.1 0.1
120 119.9 0.2 0.1 120 120.0 0.1 0.0
135 134.9 0.3 0.1 135 134.9 0.2 0.1
150 149.9 0.2 0.1 150 150.0 0.2 0.0
165 165.0 0.1 0.0 165 164.9 0.2 0.1
180 179.9 0.2 0.1 180 180.0 0.1 0.0
190 190.0 0.3 0.0 190 190.1 0.1 0.1

45—

30°- 5 .

157

=
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* Mannequin was fitted with an
early generation suit and sensors

* Reference points were located
on the suit to determine spatial and

Integrated Suit Testing

Relative angle (error in degrees)

Test angle

mean
error

standard
devigtion

95% CI(£)

Ala

0.34

0.19

0.3705

Alb

0.37

0.31

0.6045

Alc

0.37

0.29

0.5655

AZ.a

0.51

0.28

0.546

A2.b 1.83 1.07 2.0865
angular position. ” to | ose | iam
« FARO arm was used as a :ib 657 | oss | waens
comparison and results tabulated s Ton T oar | oas
for each position tested n2e oz | oar | oo
e e
. Phase 1 : :
Parameter (Definition) _a se_ Achieved Results from Testing
Criteria
+ 0,
Shape Accuracy asa 504 1.64% 0.43 + 0.68 % length (Component)
function of length 0.95 £ 0.69 % length (System)
: 1.27° 0.11° + 0.39° (Component)
Relat I +1°
Clative angle acedracy (max) 0.58° + 0.69° (System)
Absolute angle 410 1.13° 0.11° £ 0.27° (Component)
accuracy - (max) 0.58° + 0.55° (System)
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Conclusions and Future Development (
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Conclusions

* Luna has developed a system that will enable range of motion studies in a
dynamic environment

* The feasibility and durability of the system has been demonstrated

* Environmental loads have been characterized that have been fed into the
design to ensure that the system meets performance requirements

Future Development

« Data acquisition system is being designed for increased reliability

* Modifications to the suit design are being conducted to implement the
feedback from the Human Factors Test

e Once complete, additional testing will be used to verify the system

LUNA
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Temperature, Shock, Vibration

30 Second Sample of Subject 2 Marching with Body Armor

N
3

« Vibration/shock data to be
used to harden future design

N

and packaging

e Maximum pk-pk shock without
body armor of 8.5g which was

I ——— e,

i

iR i

el

Magnitude of Acceleration (g)
b &
—5
e
_
_—
——

i

higher than the 7g measured

o
3

b

with the body armor.
* In general, most of the shock

o

32 32.05 321 32.15 32.2 32.25 323 32.35 324 32.45
Time (min)

1.5 g’s measured during standard road march

Without Body Armor

loads fell at or below 4qg.
 The largest shock had a

325

duration of 0.12 seconds while o
the bulk of the frequency 6
content fell below 5 Hz. NI | T Y ) Y T AT T
« Performance objective of the s o l l l l l l
system is to provide dataat5 £ 05 ! L8 2 25 3 35
H Z § 10 With Body Armor
8
6
4
2 It ‘ H\\ ‘h PR (11 Lt | bt Ll
LUNA e
. 2 i i I i I i i
I 0 0.5 1 1.5 i 2 ) 25 3 35
Time (min)

DEFYING IMPOSSIBLE.

NDIA Human Systems Conference 2017

23



Temperature, Shock, Vibration

7.62 NATO

« Live fire test using 7.62 NATO, 5.56 ’ ’
NATO and .45 ACP

» Accelerometer was located on the
data acquisition system in the

~
~

(=2}
<))

Lo
a

IN
IS

Magnitude (g)

backpack. s 3
* During the pistol test the 2 | 2
accelerometer was firmly strapped to 0 WH% i OJ WAL T
the forearm HERT
« The lower caliber had a much higher K = 2 v B
magnitude over a shorter time than 2 ST
the larger 7.62 round achieving on the
order of 20g's and settling in 0.03 & 2
seconds. » .
e The 7.62 round only achieved a f
magnitude on the order of 6-7 g's g 10
over a timespan of 0.12 seconds. 5 5
N i L

Il b B
t f i T ¥
| I |N N 09 095 1 105 11 115 097 098 099 1 101 102
T AN
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