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Abstract:

The paper has been intended to present seleceltsref the studies on the helmet mounted dispyayems
developed in the Air Force Institute of Technolgdy-IT) for polish military helicopters. In the firgpart of the
paper there is presented the SWPL-1 CYKLOP helnminted display system (built in the AFIT's Depantintor
Avionics for Mi-8, Mi-17 and Mi-24 helicopters). €hsecond part is intended to present technologydstration
of the helmet mounted sight system NSC-1 ORIONadd for polish military helicopters.

1. INTRODUCTION

Modern integrated avionics systems currently usadboards of military aircrafts use digital helmet-
mounted flight manoeuvre, navigation and aimingpiinfation imaging systems and systems of warninguiabo
hazardous situations or malfunctions of supervisedoard equipment and installations to assistpila's work
[2,3,4]. That is why, helmet-mounted imaging andidating systems become the basic equipment of mode
multifunctional combat aircrafts and helicoptershey also are an important bargaining instrumenttha
modernisation programs of technologically less aded aircrafts. The main purpose of their use @easing
so-called pilot's situational awareness and flggfety as well as efficiency and effectivenesshefuse of on-board
weapons and survivability of crews on the modetiidfeeld [1].

Helmet-mounted data presentation systems in classsion use day vision ocular displays and niggion
goggles (fig. 1), which are standard equipment.gf AH-1 Cobra and AH-64 Apache military helicoté¢s]. They
allow not only the direct (i.e. displayed in froof the pilot's eyes) informing about the flight noaavre and
navigation parameters (which is very important bgirthe manoeuvre flight), but also give directivanenands
(commanding activities necessary to complete thk)tar warnings about emergencies or malfunctiaigajned
from health check systems of on-board systems).
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Fig. 1. Helmet-mounted ANVIS targeting system fdat-A Cobra the helicopter (left) and ocular imagimg
night vision (right) [5]




Modern helmet-mounted data display systems usingfie classic version, day vision oculars and high
vision goggles (equipped in e.g. F-16, RAFALE, amiRAGE-2000 military aircrafts, as well as AH-64 ABHE
and TIGRE helicopters). They allow not only theedir(i.e. displayed in front of the pilot's eyasprming about the
flight manoeuvre and navigation parameters (whghéry important during the manoeuvre flight), bilgo give
directive commands (commanding activities necessargomplete the task) or warnings about emergsnoie
malfunctions (obtained from health check systemsmboard systems). Among numerous methods usdi$ptay
flight parameters, indirect methods using head-igplays motionless in relation to the cabin (e.gDHtype) and
direct methods, in which helmet-mounted displaysul@ or video) are permanently connected with gillet or
operator's helmet [6] are used. On the helmet'tapar viewfinder, key information about, among et flight
velocity, altitude, and rate of climb as well aggiting data for all weapons are displayed. Theldjsalso shows
information needed in an emergency. In daylightditions, the image is projected through the viedéinand is
placed on the actual image area seen by the pilearn, at night, the night vision goggles witle thelmet-mounted
display are applied.

2. THE SWPL-1 CYKLOP HELMET-MOUNTED DISPALY SYSTEM FOR MI-17-1V
HELICOPTERS

In Poland, construction works on the first (pemfied on the basis of the domestic companies) helmet-
mounted flight manoeuvre and navigation informatitisplay system were undertaken in the Air Forcstitime of
Technology (AFIT) in collaboration with the Przerigwe Centrum Optyki [English: Industrial Optics Qes)
(PCO) and the Military Aviation Works MAW-1 J.S.€0dz. The SWPL-1 system was awarded by the President of
the Republic of Poland during the 17th Internatiobsefense Industry Exhibition (2009, Kielce, Poland
The SWPL-1 helmet-mounted flight parameters disgggtem successively installed on the Mi-17 helieop
(fig. 2) allows piloting the helicopter both in dayd at night (using the night vision goggles) withthe need for
continuous tracking the indications on the dashib@a
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Fig. 2. Scheme of day-night SWPL-1 CYKLOP HelmetiMted Display System [AFIT]



The system is designed for the crew commanderfiftstepilot) and the second pilot and enables iimgg
the selected flight manoeuvre and navigation pararseas well as control of a drive unit operatiight
parameters imaging in daylight is performed using helmet-mounted head-up display DWN-1. At nidlght
parameters imaging is performed using the nighorigoggles and the NWN-1 helmet-mounted nightldispThe
system also allows generation of WARN warning sigrabout dangerous situation on the helicopterarth@and
generation of FAIL signals informing the pilot albdlie failure of the on-board systems [7].

The source information from the on-board systefrth@ helicopter is passed to the UDS-1 signal matg
system. In this system, transformation and stanskidn of analogue and binary signals as welhggémentation
of logical functions related to the generation ¢ WWARN and FAIL signals take place. Processedasigare
transmitted to the KG-1 graphic computers. The li@pomputer is the main element of the system wtiteg data
selection and transformation algorithms and geirggabformation imaging signals to the helmet-maehhead-up
display. It also cooperates with the on-board G&s8llge navigation receiver and the on-board AD&goglynamic
data system using the bus compliant with the ARWXO-standard.

The SWPL-1 system enables the crew to observard®and to control the basic flight parametersthad
technical condition of the selected helicopter oa#d systems at the same time. This system recangprocesses
information from the helicopter on-board systems aasses it to the helmet-mounted displays in tuen fof
graphic symbols or in a digital form. The systematdas imaging of selected flight manoeuvre and gation
parameters and the drive unit operation’s paramefigy. 3). In addition, the system executes thecfions of
signalling of exceeding the dangerous flight aftéuwarning about the dangerous situation on thedmer's board
and malfunctions (errors) of the on-board systefhs [

Fig. 3. Scheme of day-night SWPL-1 CYKLOP HelmetiMted Display System [AFIT]

On the board of the Mi-17 helicopter, it has action of flight parameters visualisation for thesfipilot
(the commander of the crew) and the second pite flilot/operator) in terms of information necegstr the
accomplishment of a combat mission. The pilots hehility of independent selection of an operatingde and the
appropriate imaging related to it depending on rmecu need and executed task. Control of the sysigenation is
possible using dashboards and commutation elemeosted on the steering device [7].

The main element of the SWPL-1 system is the K@dlphical computer, which is a computing module
processing signals about flight manoeuvre and déeig parameters received from the on-board tratersi(after
their initial standardisation in the UDS-1 signatehing system) into the form of graphic symbolsmthe digital
forms required to imagine on the helmet-mountegldis. The SWPL-1 system in the version for the IMi-
helicopter performs imaging of 16 flight parametigrghree variants of sets (chosen independentlgdnh of the
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pilots) and includes 28 emergency states in theniwgr(WARN) and error signalling (FAIL) system. Beé each
flight, the system performs automatic diagnosishef technical condition of the basic modules of gfistem, with
the ability to add corrective and navigation data.

One of the main scientific and technical problemthe SWPL-1 system is the assessment of thebiiiha
of the information received from the flight manoeeiand navigation parameters transmitters prewonstrated on
the board of the helicopter. It is related to thalgsis of their errors occurring both in statidatynamic conditions,
when the flight parameters are variable (that imanoeuvre states). In order to present these gmrahla source of
information in the field of a flight manoeuvre datansmitter on the example of an AGB-3K artifichedrizon was
chosen (fig. 4).
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Fig. 4. Block diagram of the measurement chainetitbpter's yaw angle [AFIT]

Helmet-mounted display

The measuring chain of helicopter's yaw angle ists1sf a gyroscope node, in which the measuring iax
set in accordance with the direction of action @&wjational acceleration using correction systemsing
information from vertical sensors [8]. Informatiabout the yaw angle developed in the gyroscope isodenverted
into an electrical form using an angular positi@nsmitter.

The signal from the transmitter is transferred twa chains. The first chain is associated witHasgical
information imaging in the AGB-3K atrtificial horing while the other one is associated with infororafprocessing
and imaging in a helmet-mounted imaging system. dassic measurement chain uses information frarattgular
position receiver and further processes it usingliaw-up system built of an amplifiers module, antuator, a
kinematic module, and an angular velocity transdu€be kinematic module rotates a movable pitcHesgathe
AGB-3K artificial horizon.

The measurement chain of the yaw angle associaitbdthe helmet-mounted imaging system uses the
original information from the angular position teanitter as well. This signal is further standardised filtered and
transferred to an A/A converter, in which the tfangation of a synchronisation connection sign#d ithe form of
constant voltages proportional to the sine andneosi the yaw angle. Such a processed signal isepsed in an
A/C converter into a digital form. The software @ighms include correction procedures of measurénsbain
dynamics, whose task is to ensure the complianchmdmic properties of the mentioned measuremeainshThe
helmet-mounted imaging module implements generatibgraphic characters controlled in accordanceh \ilite
developed information about the helicopter's yahisTnformation is projected in the form of a mayiimage onto
the helmet-mounted head-up display [7].

One of the first stages of preparation of modetios of helicopters with an analogue avionics exystn
terms of the helmet-mounted data presentation isyéte. its "transformation” into a digital imagingrsion) is to
assess the reliability of the information acquifexin the sources already built-up on the helicdpteoard. These
tests include, among others, evaluation of theityuaf interphase voltages obtained from the angplasition
transmitter circuits of the AGB-3K artificial hoon.



The idea of using analogue signals from partictriansmitter circuits and their conversion into thgital
form is based on the use of mathematical dependenebling the determination of the yaw angle based
knowledge of the values of interphase voltagesheroutput of the angular position transmitter.

The dependency (1) gives the error of the angudaitipn of yaw:

0B, (GM) =6, -6, =arc tg{ \/3—Eﬁuf3 (BM) Bsgn(fs) _ Url(BM) I];gn(fl)] } -8,

2, (8y) 5gn(f2) - [U, (6,) 5gn (f1) + Uy, (6,,) sgn(3) ]

(1)

where:AByy(By) — the actual error of the AGB artificial horizenhdication in the steady state in a functiontef t
yaw angle of the artificial horizof, — the actual angle of the AGB atrtificial horizon a 360 rig (or during
a fixed spatial position of the helicopteB: — the angle calculated on the basis of the vafudae phase
voltages; 4, Uy, Uns. — phase voltages from particular synchronisatiocuits of the AGB artificial horizon

synchro; sgng), sgn(f), sgn(f) — marks of the compliance of the voltage phaseelation to a reference
voltage.

Analysis of differences of the interphase voltagehe selected phase of the angular position rmates
occurring at different directions of yaw angle'sacbe enabled to identify the so-called charactesidtysteresis.
However, deviation of the actual voltages from pieefect harmonic flow enabled to determine the ated non-
harmonics error.

The evaluation of the hysteresis is important itedaining the acceptable level of errors in digitebcessing
of analogue signals, while the non-harmonics erranalysis allows to determine the so-called chartics
non-linearity and enables the assessment of insintatherrors.

The example hysteresis errors and non-harmoniesffor voltages are shown in Fig. 5.
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Fig. 5. Example deviation flows of voltages for teyssis (left) and non-harmonics (right) of sigrfaten the
transmitter angular of the AGB-3K artificial horizgAFIT]

The study of the AGB-3K artificial horizon on the5@/ 360 rig showed that the value of hysteresisreionthe
interphase voltages is 0.54¥& and their non-harmonics errors do not exceed U#4&. These values are related to
the error of determining the yaw angle, which,tfeese values, is 0.3.

The dynamic properties of the measurement of the gagle can be described with a transfer functibine
measurement chain of the artificial horizon (Fipcénsists of a gyroscope node system, transnaittdrreceiver of
the angular position, the amplifiers module, theiator, the angular velocity transducer and theikiatic module).



The dynamic properties of particular elementshef tneasurement chain was identified and, on thsis ba
the transfer function of the whole measurementrcbithe AGB-3K artificial horizon was designatedhich may
be described in the form of the dependency (2).

Ouee (S) - Gur (S) G (S) By (5) [Gs (s) By
Ou(s) 1+Gye(s)Gs(s) Gy (s)+ G, (s) D, ]

G(s)=
(2)

where: Oca(s) — the Laplace transform of indications of th6&B\3K artificial horizon's signal indications;
Owu(s) — the Laplace transform of the yaw angle sigiidhe gyroscope node;\s) — transfer function of
the angular position tranducer synchronisationuifydGr(s) — transfer function of the angular position
receiver; Gue(s) — transfer function of the electronic amplifienodule; (s) — transfer function of the
actuator; G(s) — transfer function of the angular velocitydwaer; J(s) — describing function of the
kinematic module; s — Laplace's operator.

The tests of dynamic properties of the measurerokain of the yaw angle for the sinusoidal forcen(dating
"ascent and descent" manoeuvre) executed in M&illaodink showed that for the adopted boundary fesmies of
changes in spatial orientation equal to 1 Hz angliaude of force 5B, the dynamic error of indications does not
exceedt1®, while the delay of indications is less than 0sO3t the stepped force of 5the dynamic error disappears
after approx. 0.25 sec.

The dependency (2) was used to optimise the measutechain's parameters in the part related toh#imet-
mounted imaging. Optimisation was based on detextioin of the optimal structure and parameters efdynamics
correction module structure in order to achieve giiance of dynamic properties of the classic meamant chain
of the yaw angle and the measurement chain assdaidth the helmet-mounted head-up display.

The simulation models of the measuring chains va¢se helpful in determining the required processigplution
(quantisation) of analogue signals values and eheired sampling and refresh rate of the imageghtfimanoeuvre
and navigation information so that the imaging wesmost suitable for the pilot [7].

The example of test benatsed to determine errors of the AGB-3K artificiarizon (on the left) and test
bench used to integration of the SWPL-1 systesrshown in Fig. 6.

Fig. 6. Test bench used to determine errors oABB-3K artificial horizon (left) and test bench dse
to integration of the SWPL-1 system (right) [AFIT]



3. THE NSC-1 ORION HELMET-MOUNTED SIGHT SYSTEM FOR W -3PL HELICOPTERS

The data presentation systems of flight manoeawcknavigation data evolved significantly, startiram
instruments mounted in the cockpit requiring takihg pilot's eyes, used in all fighter aircraftgrffy to the end of
the Vietham War, to the HUD (Head-Up Display) systeurrently used in F-16 and other modern militairgrafts
and helicopters. Currently, the helmet-mounted ga&sentation systems are also used in movable ameapf
a moving aircraft's control (e.g. in terms of thedrhet-mounted target indicator for a cannon or idegi missile) and
in search and rescue systems (to control the angokition of an observation and targeting head suspended
reflector). For example, the F-16's pilots havegital image displayed on the helmet's viewfindéthvthe JHMCS
(Joint Helmet-Mounted Cueing System) targeting-imggsystem at their disposal. This system presentyg
targeting data and the pilots read flight informatfrom the HUD display [3].

The development works of the helmet-mounted degagmtation systems and on-board weapon control are
helmets' constructions designed to operate in cglaee, for example, the Helmet-Mounted Display &wpst
(HMDS) by the VSI company for the F-35 aircraft e Lockheed Martin company [4]. The F-35 fightérdmet
allows the pilot to look literally through the fuage. The HMDS system appropriately adjusts thegarfeom the set
of DAS (Distributed Aperture System) cameras plagedhe outside of the aircraft. Thanks to thag, piot obtains
the image of the entire aircraft's environment (plet's looking down causes that the HMDS dispépws the
image below the fuselage).

In Poland, a similar project, funded by the Minysbf Science and Higher Education and the National

Centre for Research and Development, included ¢imstouction of the NSC-1 Orion system (fig. 7.)the main
component of the helmet-mounted weapon controlegystf the W-3PL Gluszec helicopter [9]. This proje@s
implemented by the Polish scientific and industdahsortium composed of: the Air Force InstituteTethnology
(Warsaw) as the leader of the project, the "Fitienik" S.A. company §widnik), Zaktady Mechaniczne [English:
Mechanical Works] "Tarnow" S.A. company (Tarndw)AS Mariusz Fica (Bielsko-Biata) and Przemystowe
Centrum Optyki/Bumafotnierz S.A. company (Warsaw). The achieved woedel and innovative technologies
applied in this solution gained recognition at #@h International Defence Industry Exhibition imel¢e, where, on
September 6, 2012, the NSC-1 Orion helmet-moutatepbting system received the prestigious DEFENRRR&rd.

Fig. 7. Elements of the NSC-1 Orion helmet-mournggdeting system (left) and a movable position ki
WKM-B rifle (right) for the W-3PL Gtuszec helicopt§]

The NSC-1 Orion helmet-mounted targeting systera kualt into helmet-mounted control of the movable
shooting position with the 12.7 mm WKM-B rifle amdoperation with the Toplite observation and targehead
(built in the W-3PL Gtluszec helicopter's board)isThystem is electronically coupled with the inttgd avionics
system of the W-3PL Gluszec helicopter. Thank$is it is ready to operate in the so-called nekngamtric system
enabling implementation of an advanced flight tiragnof a flight crew and meeting the conditionsuse it in
accomplishment of combat missions on the moderthefiatd in all daily (day-night) conditions. In¢hdevelopment
version, the system can control the angular pasiticthe observation and targeting head (with thiétg of helmet-
mounted displaying the information received frojraitd can be used in helmet-mounted target indicdtir guided
projectiles ("air-to-air" and "air-to-ground" types



The modernness of the NSC-1 Orion system liebénfact that it is built in an open architecturesidned
for mounting on helicopters of an adequate prod®iityalevel, i.e. W-3PL Gluszec. To perform thenfition of the
helmet-mounted control over the helicopter's weapmmtrol, this system specifies, in the same doatd systems,
the position of the helmet, the head, and the mevalosition. The necessary data for the helmet itiogin
NSC-1 Orion targeting system are downloaded froenrntéivigation part of an integrated avionics sysbeiitt on the
W-3PL Gluszec helicopter. To ensure ergonomics sraitening of the process of preparing on-boardpaesa to
use, the flight manoeuvre and navigation paramedsrsvell as data for targeting process are illtesttaon the
WND-1 integrated day-night display mounted on thetjs helmet. The system cooperates with the {gtis/eloped
in the PCO company), miniaturised PNL-3M night eisigoggles reducing load on the pilot's cervicaep

Using the built NSC-1 Orion helmet-mounted tanggtystem, the angular location of the movabletjpusi
with the 12.7 WKM-B rifle (in the version built witn a technology demonstrator) and other elemehtthe
on-board weapon system, among others the movaljditd @bservation and targeting head and guidedsitais
coordinators (in the development version) can b@rotled. In order to ensure its operation, thisteyn is coupled
with the KM-1 mission computer (built on the W-3Btuszec helicopter) and it requires a helmet-maliaregular
position determination of the helmet and a helmetited targeting process data imaging system (inojua
so-called reticule enabling the emergence of tigetang axis aim for the pilot's eye).

The construction of the helmet-mounted targetiygtesm in the form of the NSC-1 Orion system, beeaus
of its nature and role on the military aircraftterms of executed tasks [10], was associated wahyntesearch
problems. They included both the scope of theaktiorks (i.e. the development of the concept & $lystem
operation and the used operating principle), ad a®lfunctional ones of the built system in thesi@ar of the
technology demonstrator [11].

The example of test bench used to determine eofdise optoelectronic helmet-mounted unit of tH@ON1 system

S
mme ir t

is shown in Fig. 8.

Fig. 8. Test bench used to determine errors obftieelectronic helmet-mounted unit
of the NSC-1 system [AFIT]

Among them, there were problems related to thenection of the built system with the W-3PL Gluszec
helicopter's integrated avionics system (requiredrder to ensure the provision of navigation ardeting data for
the system and the management of the helmet-mosgtem), the helmet-mounted data displaying (usingeting
data imaging on the helmet-mounted head-up displaiiaturisation of size and weight of the helmesunted
display and the night vision goggles (the provis&asmallest pilot's cervical spine as possibl&),grovision of
rotation liquidity and positioning accuracy (fig) &f the movable shooting position (and other letlcontrolled
on-board weapons of the W-3PL Gluszec helicopter).



The main issue was to identify helmet-mountedeating systems functioning methods' opportunitied an
limitations (used on the selected or newly developslitary aircrafts) analysed in the performed jpob of the
NSC-1 Orion system's construction. The aim of thiedzicted works was to assess these methods (mdsartheir
technical executions performed in the AFIT) conaggrthe accuracy of the determination of the angptsition of
the pilot's helmet and choice of the most advartag®ne in relation to process capabilities incivantry [9].

As a result of the executed analyses, the conakpiesign of the helmet-mounted system of weapons
control with the NSC-1 Orion helmet-mounted tanggtsystem was developed. The block diagram of thk b
helmet-mounted weapons control system of the W-GRiszec is presented in fig. 9.
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Fig. 9. Diagram of connection of the helmet-mourtideting system as a new system
with the W-3PL Gluszec helicopter's integrated aigs [9]

In terms of the used operation principle, the NISOrion helmet-mounted targeting system is an oaigi
developed in the AFIT, development of the electptigal method (corrected with its hybridisation lwthe inertial
and magnetic system). It was executed using ogtcireinic elements, indicating the position of tlietjs helmet,
and algorithms based on an artificial neural nekwor determining its angular position.

As a system operating within the helmet-mountedpeas' control built for the W-3PL Gluszec heliapt
the NSC-1 Orion system executes functions of theéemounted targeting process and controllingaperation of
combat assets (the movable position with the 1207 WIKM-B rifle) and cooperates with the Toplite obsaion
and targeting head. The NSC-1 Orion helmet-moutargkting system, as the isolated system, usesfirenation
from the integrated avionics system (installedlmntioard of the W-3PL Gluszec helicopter).

In particular, this system cooperates with a |as@pe of the Toplite observation and targetingdhead the
on-board power grid’s power system. Cooperatiothef NSC-1 Orion system with the avionics system atier
measurement systems on the helicopter is perforomsdg interfaces: MIL-1553B, ARINC-429, RS-485,
ETHERNET 10/100, and USB.

The element integrating the NSC-1 Orion helmet-nted system is the KG-1HC graphical computer
(fig. 10.) cooperating with the KM-1 mission comeutonsisting the main element managing the omeraif the
integrated avionics system of the W-3PL Gluszewbpter.

The underbase of the technology demonstratoeitayout of the W-3PL Gluszec helicopter's cabiadmby
the "PZLSwidnik" company), on which the selected elementshefintegrated avionics system, necessary to start
the helmet-mounted system and check its interofayalith the integrated avionics (developed by tAFIT), and
the movable position with the WKM-B rifle (made lbye ZM "Tarnéw" company) adapted to the needs ef th
project were built.



Fig. 10. The KG-1HC graphic computer of the NSC+io® helmet-mounted targeting system (left)
and the KM-1 mission computer (right) for the W-3Btuszec helicopter [9]

The NSC-1 Orion helmet-mounted targeting systefwxtions in the helmet-mounted weapons control
system of the W-3PL Gtuszec helicopter are: visadion of the targeting symbols on the helmet-mediftead-up
display (taking into account currently used weapamd their ballistic data); targeting the seleatexable weapons
system on the helicopter to the external targeta(lsystem operator); measuring the azimuth angitbehelmet's
elevation angles in relation to the helicopterisicand sending them in the digital form to thelaapion preparing
ballistic and targeting data in the mission compute the field of control over the weapons syste¢he built
technology demonstrator of the W-3PL Giluszec helieds helmet-mounted weapons control system imslud
adapted moveable shooting position (with the 1207 ViKM-B rifle) and the position for simulation dfi¢ selected
functional parameters of the Toplite observatiod tamgeting head (the SGT-1 simulator built in &1 T).

In terms of process solutions, the presented NSGrbn system is based on innovative solutions
unprecedented in the world [9].The applied consimacand process solutions in the built, integrateelmet-
mounted weapons control system of the W-3PL Gludmdicopter are at the highest process level. Auigde
breaking solution in the performed project is thee wf artificial neural networks technology in detaing the
angular position of the pilot's helmet (developedtihe AFIT) and the WDN-1 integrated day-night thsp
(developed in the PCO company), used for the pepas the helmet-mounted flight manoeuvre, navigatnd
targeting information imaging with the implementatiof night vision technology (the PNL-3M miniatdraight
vision goggles built in the PCO company).

The operation of the NSC-1 Orion helmet-mountestesy includes the helicopter's weapons control, in
which the pilot's head movement in terms of azimant elevation causes an appropriate movementarfjat axis
of the movable shooting position with the 12.7 mrKM/B rifle. This enables firing without taking hasaff the
control element and the helmet-mounted target @titin and enables fast system’s switching on tlseation and
targeting head's signals used for precision shgotin

Preliminary testing accuracy of determining thacsal position's angles of the pilot's helmet foe NSC-1
Orion helmet-mounted targeting system were perfdrone the test station, built in the AFIT for teawhithe neural
network used in the electro-optical and hybrid rodgh[9]. This station for the tested applicatiothwthe neural
network provides: automated presetting and measnmeonf the azimuth and elevation angles of theetémg axis;
automated measurement of the spatial position ®@fhimet with the determination of the azimuth atelation
angles of a helmet zeroing axis via a measurenysté®; sending these angles in the digital form tbeasurement
application for archiving and further analysis;atatining the accuracy of the angular position debeation.

The station in a simplified version (with modegjithe helmet's position on a PAN/TILT turntablepkeies
presetting the spatial position of the helmet civamenly the azimuth and elevation angles in reflatio two
perpendicular rotation axes, without lateral dispfaents. Performed testing for the hybrid methoowsll that
accuracy of such determined azimuth and elevatighea of the helmet (for azimuth up#80° and elevation up to
+12°) is+0.5° (for the azimuth) and0.2° (for the elevation).
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The final accuracy of determining angles testiragwonducted on the station in a full version,thnilthe
cabin of the W-3PL Gluszec helicopter. The statiorthe full version (with the helmet placed on tgstem
operator's head) allows for the actual presettifighe angular position of the helmet, including tltageral
movements of the pilot's head and torso occurtinthé targeting process. Performed testing forhfimid method
showed that accuracy of such determined azimuthetendhtion angles of the helmet (for azimuth up-80° and
elevation up t&12°) is+0.6° (for the azimuth) and0.3° (for the elevation).

On the basis of the results of tests conductatl@nAFIT, it was found that out the most conveniewthod
for application in the NSC-1 Orion helmet-mountadyeting system is the hybrid method. It is on¢hef ways to
increase the accuracy of determining the angulaitipa of the helmet combining several componenthugs
(electro-optical and inertial). This system canopéimised in terms of the number and types of sgyaad ways of
their processing (e.g. using the Kalman filter). cAnsiderable advantage of the NSC-1 Orion systentsis
construction based on the integrated avionics systethe W-3PL Gtuszec helicopter, using MIL-15588 terms
of management of the helmet-mounted system opajatind MIL-1760 digital buses (in terms of contirdl the
weapons system). It allows to build it on othernwrnar upgraded, combat helicopters with the intemgtadvionics
system [12].

The built NSC-1 Orion helmet-mounted targetingtsysas a technology demonstrator supports thengesti
process of new methods (and devices for their ieahperformance), and can provide a basis forr thether
development within the domestic industry.

4. CONCLUSIONS

The modern military avionics systems, navigatiow dargeting systems in particular, use the helmet-
mounted data presentation systems more and mae. dfise of the helmet-mounted data presentatictersgsin
modern aircrafts significantly improves the pilgtis safety. This is particularly important duringcamplishing
difficult missions at night or in poor visibilityomditions. In such cases, the observation of thr@mment without
taking eyes for observation of the instrumentshia tabin greatly simplifies the piloting processl amcreases the
chance to execute difficult tasks. It is expectet more and more pilots of modern military airtsafill learn to fly
with a helmet equipped with the HMDS functions. &esh on prototypes of the HMD system have be@mdgress
for over twenty years and show that both the aicdaacademies' graduates and the pilots should f@apeoblems
with getting used to the new helmet-mounted dataqtation system.

One of the most important elements in ensuringdeyuate level of the pilot operating the helmetinted
data presentation system's safety is an indivigdaied helmet. It is extremely important bothterms of safety and
data displayed in the helmet, because the funditpraf the HMDS is based on the precise placenanbptical
instruments. The SWPL-1 system produced in AFIThwdigital manoeuvre and navigation data processing
designed mostly for Mi-17 helicopters, but it canimplemented on other types of aircraft (e.g. Mikelicopter,
PZL-130 "Orlik" trainer aircraft).

The experience and technical skills gathered dulliesigning and development of SWPL-1 system proved
that it is possible to build such a system foranbrnew aircraft (with modern avionics), and adigsthe solution to
the existing equipment (currently in service, wathalogue avionics). As a result, the system callaod processes
information from on board systems and installatians transfers it to helmet mounted displays inftvenat of
graphic symbols or digital information essential jooviding combat mission.

The NSC-1 ORION system is capable of providing tetleontrolled target cueing of the turret gun 12/KB-M
and other W-3PL's guided weapon systems, simultastgalisplaying pilotage-navigational and aiminfprmation
during day and night flights (using NVG). Above rtiened functions can be realized by the NSC-1 syste
independently or in cooperation with an optoeleutrasurveillance system (e.g. TOPLITE system). Taaernity
of NSC-1 ORION is based on the fact, that the sys&eprepared in open architecture philosophy andesigned
for aircraft with adequate technological level,.&\43PL Gluszec.

The systems proposed by the AFIT: the SWPL-1 Qykielmet-mounted flight parameters display system
and the NSC-1 Orion helmet-mounted weapons coryrstem support the testing process of new devicdsay
be a basis for their further development within tlmenestic industry, including equipping the modsedi military
helicopters with such a system (e.g. for the PM@&fghanistan).
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