DESCRI PTION Sinul ator for training a team in particular for training
a helicopter crew5 The invention relates to a simulator for training

i ning %0 BBLERI365 cams, wher oby the per sonBCFeEReOERARERS

operate in a virtual world. This can be carried out e.g. as for the
crews of aircraft, land and sea RREGRIREION n order to train in the
handl i ng of a conplex system a physical replica of the vehicle or 15
aircraft cabin represents a virtual reality on,e.g. a spherical

proj ect i oFiBwAREERdi FQT t LrRIG ST e . B a IR |Eﬁf5’t"?s utapi nT8Ad

the conti pYQUSIIHgTRY hed IVopMeld cpent s of the crew nenbers result in
the necessity to construct a | arge spherical projection surface of 20

100(+1i’)/- 900) x 360. The dianmeter can thereby be 8 neters and 12

vi ewi ng chamrnelsvappeat trelbecsecessar ysiandateat i $birc. ciaistimgrents to
be operat§ are siml ated as an MM (Man-Machine Interface)

correspon eﬁ'ﬁ'tt S &SSP gi'nal system e.g. a weapon including recoil
or a 25 rescue wi nch including cable forces. If tactical operations

are to befgg 6}910\“},{163&&5@ Ofm 1%@1%&@%(é(ft'iéﬂa{lsééakbkytgbﬁﬁiﬁﬁ) as

a display and the sinulation systens as a sinplified MM are
30 knbn. DBsEPNEhelalliqimind whesebhe iR PREFCS0 be difer AFEARSE g

a weapon, R&-=Hd1uiat ed ﬁf&uahl Y& r ephesenid ba tderMRl ames
Whereas with the first solution a real sycglstem |f 35_advant ageous|_y
physi cal | -§-nuPgt ed®Tt héDG r Ca&"SseCond S 6F G Fn cdfiBe ﬁ% eff&t ed
at an attragliiclediri ga. bidbeadtgountein displ ayse wittdndiantd yof  a
transpareQ%ﬂgfg§5%§st@n’ a physical replica of the vehicle or
15 aircraft cabin represents a virtual reality on e.g. a
spherical projection surrounding it. The size e.g. of a
helicopter cabin and the continuously moving viewing
points of the crew members result in the necessity to
construct a large spherical projection surface of
20 100°({+10°/- 90°) = 360°. The diameter can thereby be
8 meters and 12 viewing channels appear to be necessary
and realistic. Instruments to be operated are simulated
as an MMI (Man-Machine Interface) corresponding to the
original system, e.g. a weapon including recoil or a

25 rescue winch including ceble forces.

If tactical operations are to be trained, the use of VR
glasses (virtual reality glasses) as a display and the
simulation of the systems as a simplified MMI are
30 known. Both the cabin and also the egquipment to be
operated, e.g. a weapon, are simulated wvirtually and

represented in the VR glasses.

Whereas with the first solution a real system 1is
35 advantageously physically simulated, the virtual second
solution can be implemented at an attractive price. If
head-mounted displays with partly transparent displays
(see-through technology) are used as VR glasses, then

the svstems and the crew members can also be seen.



(see-through technol ogy) are used as VR gl asses, then the systens and

" the crew nenbers can al so be seen. WD 2012/113686- 2

- PCT/ EP2012/ 052551 However, the training room i.e. the sinulated
. cabin, is ASEHEP3EE. In additi on 2 here can BETVEPRANL2406RE&4t s

caused by incorrect overlays of the masked wi ndows or openings for
the externalowdwew anghé hergrawnd neImer s; peesenle dNBuPREEST cabithe

i nvention i,s to. provide a simulator that provi des the advant ages of
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room V@]OS@@WTS delasmntti.ng surface IS provi ded vvlth a col or which
is suitable for chroma keying. Said sinulator conprises at |east one

partially transparent head-nounted display (HVD), which is 20
provi ded WIS () SGEe®t caRer dgvesit iiter 89 s §6pIRy dirtfesa apdma L head

tracker, whireht graklieedt e cdelRamtRald-0r Ohddhe digeeid on of view of

t he respectl ve wearer. The sinulator further conprises a sinulation
conputing unit with two i mage generators for a stereoscopic 25
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30 with copput egdruinEnal cllggg@s sLA3the respective view ng direction.
The vi deo m xer Phus enabl es the inages of the video canera of a

di splay to be sinultaneously mxed with a conputed virtual scenario

and a tamrienhermt Da ber Q'a\é@ﬁrﬁ'ﬁlg' nelh vicgaal 1 w80t Pbnt h&ngHaRAld 0,35
using the ?I ue- hox techniq The two i mage generators théereby enabl e
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plurality of sons “ar é preterably train
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conputi ng &RFt a t BEdT ReRbern i ghipengp ﬁﬁe@h%d%@'&/%@“watlon of
head- nount ededi gPt&ysi@RCfOf vIBKCIHE the respective wearer. The

simulator further comprises a simulation computing unit
with Two image generators for a sterecscopic

25 illustration of virtual images on the at least one
head-mounted display, wherein the illustrated wvirtual
images are generated by a video mixer, which comprises
means for the simultaneous mixing of the images of the
video camera of the at least one head-mounted display

30  with computed virtual images in the respective viewing
direction. The video mixer thus enables the images of
the video camera of a display to be simultaneously
mixed with a computed wvirtual scenario and a team
member to be given hisg individual wview of the scenario

35 using the blue-box technigue. The two image generators
thereby enable a different representation for each eye
of a person.



10 is provided with two video caneras for stereoscopic inmages and a
" head tracker, which enables determ nation of the direction of view of
the relevant wearer. The two i mage generators of the simulation

. conputing URi £0deHdn3b86a st er eoscopic i ustrati BRTEPRAL240BARRL0
15 for each display and thus for each team nenber fromthe individua
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can train with them onh conmon operations. This has the .
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repr esent edornedcki Biual agnunOMRIE A dd@ N din GREnbEr MF V&R +Re
their operation. Thireb% even one'g.own Eanﬂs can be observed and
control | ed RHEX-GPEF at FRY BIUFPRERELOPn@E thE BEVSRPages and
strengths of the so-called augnented virtual reality in a 10
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to be screen of the blue box and the remaining areas, which
are in the encoded color, At the same time a virtual

25 scene of the training room is generated corresponding

to the wviewing direction determined by the head

tracker. For the areas in the encoded color the
corresponding virtual scene is overlaid using the video

mixer. The real objects and persons are retained

30 thereby. An image 1s represented on the display for the

team member in training, which is a combination of a

virtual scene with embedded real existing persons or

objects.

35 The invention thus combines a blue-box method with the
use of partially transparent head-mounted displays,
which use a so-called video see-through technology.

Thus the trainees can not only &gee the system



20 simulated. Training in such a sinulator is at |least to be given in
" the safe operation of the systens (weapon and winch) and the
effective and safe use of the systens in action. The individual

. wor ki ng ar ¥8s 2844 /{A&680ng obj ects can4 hereby bePEFIHBAP1LRHGBRABE
and 25 used in a sinulator, but separate training can also be given.

In the bl ugua%uﬁatlh@d @nath I t yudli csCene IsS 160 BRI AL PN 81l bquJ-st
backgr ound Sa: V|rtu scene would be in 30 this case the H C cabin

and the ov&ff ?1?%eb86§§€ﬁstHFthﬁl%%eSS@oﬁ§jﬁﬁﬁ RERTONE or
even t he caakpidan Hm;bzl uei ol ened bhald’djrrﬂ@)nr QY i1dies r el d €las

backgr ound r bl ue_back nd f.romt i.ndi vi dual
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crew nembeppepresant LRVSmdIE biwes b@ﬁggb@%gtabfest fhﬁ‘ncpr%ﬁéé takes
place in reﬁl t t only see ensé?ves

, the crew nmenbers can no
but they c8 |rﬁ%ﬁ%é; %ﬁre%?gyeﬂF?ﬂ e¥eRtBe errﬁﬁ%%§¥r1¥%|sa
takes]ﬂ]acelmnlatmkrtaalbandséHeXbblyr@@ﬁﬁh@upébb@ngnvlronnEnt I'n
one exenpl ary enbodi ment of the invention the entire 10 training room
is novably inplenented in space, so that maneuvers e.g. of a
hel i copt er Inanpbeticanster r et o trded reas naﬁnl1bernmémbEEaGtaﬁn a

Vi brationspganchbkew $&-he Ez&éﬁsfﬁe&%%etol hepfl %%1 g &?%@? nd

thus to the créewin trainin e advant ag eous
decoupl e tﬁ@aFI68ﬂxﬁ?oﬁ¥?We'S|Bécma$¥@wa Fwﬁlﬁﬁéﬂwhngsmﬁ@nﬁlnt©aMer

to be 1apl ecbﬁs@g@sdo@ saslvept agrauspetdsss s qef nmelt\ézlg; ab 405087 t he
bl ue- box ne hod. E grlnC|pIe t he conbi nati on of _real "and virtual 20
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be given in the safe operation of the systems (weapon

and winch) and the effective and safe use of the
systems in action. The individual working areas and
training objects c¢an thereby be brought together and
25 used in a simulator, but separate training can also be

given.

In the blue-box method a virtual scene is computed on
e.g. a blue background. Said virtual scene would be in
30 this case the H/C cabin and the overflown terrain to be
seen through the doors and windows or even the cockpit.
The Dblue colored training room is the required
background here. To give a blue background from the
individual perspectives of the crew members, the HMDs
35 are provided with digital wvideo cameras. The image
recorded by the camera is overlaid on the recorded blue

areas with a virtual scene from the same angle of view.



30 training roomthus conprises at |east one training object on which
"a person is to be trained. The training object can e.g. be a weapon
and/or a winch, in each case an original or a nodel. In the case of a
. winch the WBbRALE¥1d3F86wi nch can be-céupl ed to FEBIEBROLRARE2555
which is novable in two directions within a plane, wherein the notion

plate can bhesgant elied by tihe @h@“E@EMOBfCQEB%E&%QtUQkkﬁﬂlﬂﬂ§ éP@
pendul um not i on of a | oad on the cable can be detectably simulated
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transnitte & srmirati on-coffpiter "EHPETS FoTde tPAhsf LY hyS&E
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oper ator okakfle il ognetathuence,bhe peadulum gotion by Jy

force. 10 In _one exenp odi nent nvention tfe ca tfe runs
bet ween tV\Bniieéﬂ§X16M’ocﬁﬁféﬁutfﬁbléial@pé’léaﬂmaétFeeI ed and from which
it can be unreeled. Said reels are preferably | ocated outside the
training roomand are gsed to.make the reeling in and unreeling of

the 15 cabf® JBFeEFEBPeaFY EREOSIMRR o h Hdopdrardiion iy dertise
make tlie ttaamnmggohpemt&gjs&b&aeoﬁs iﬁplezﬂ@zﬁtkécﬂlglﬂoégb&e payd st1edt a

t b d h th t
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sai d partstbe thbinrwihhng objtéon cars tee.sijpratiethdycarerigilegrbse
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t he scene I nstead. 25 For a weapon t sinmulat’i on co i ng unit can
further cobPfi SESWeaRs tFBiniRg - céltcmaélt ien aaiﬁ@muagmueatﬁlmreﬁy ato

si ght 189 p@kdbupDet h,gewfutow ﬂf&ge@hé egi@éewawsogfa thead-runi.ed
di splay. Thus e.g. d dot c a recoil

si mul ati on"YHB8 e ert hé;%e gr% Séoco?fﬁ?%%e H SEGI taga @
oper at ed wefhe€R of b]per*ai]eflaeieﬁtsr baathy. bluetbbs maynhbhe recoil of
t he weapon can be sinulated realistically. Wth the invention a
simul ator can be provided that

In principle the combination of real and virtual

20 information enables any real existing objects to be
integrated into the wvirtual training environment. Also
a trainee is enabled to see themselves, because he/sghe
is likewise recorded by the video camera and becomes a
real existing component of the wvirtual training
25 enviromment. Real existing persons and pieces of
egquipment can thus be embedded in a virtual

environment.

In one exemplary embodiment of the invention the
30 training room thus comprises at least one training
object on which a person is to be trained. The training
object can e.g. be a weapon and/or a winch, in each
case an original or a model. In the case of a winch the
cable of said winch can be coupled to a motion plate,
35 which is movable in two directions within a plane,
wherein the motion plate can be controlled by the
simulation computing unit. Thus the pendulum motion of

a load on the cable can be detectably simulated.



35 enabl es, as a crew conpatible training nmeans, both training in

" handling the systens and also training in tactical operations. The
advant ages of various technol ogi es can thereby be suitably conbined,
. whereby WI2&P12Y138866 7 - PCT/ EP20126052551 e. gPCTHEP29 b3 052551
hel i copter can be provided with common and highly realistic training
that is inexpensive at the sane tinme. The training roomis hereby a

"bl ue plath%nf in which persons_can be 5 trained together in a
virtual cabBff, JHerBhPIAei R problerBCEsn CREPE}EFdEd Jgpst one

particul ar sengoegstwiitht ensicte thai Abnge Neansshave frorbe destgned-gnd
no conprom_se has {0 b e wih regards.to training confents.

Conpl ex iIFugtr%??%% S s?gﬁg éW%n%Eogﬁﬁb,bfo ?%%t%%nf¥1 ufeg tBet he
reduct ion é6fanbaipteductbonthest simThetwbshescoputadi vidital cBstoaers

can al so b%rgaé%gfgnw a;%%ggfoﬂlga@l shifp ifd edmmnngre and. & 1al.0ing

roons can be easily exch _
Fur t her adv &R€adesfledtipre s difeRiaRiant d§eowraf@tsiroppentieofviptid can

i nvention apirsechtemchbepdapandanioeh ahmdyandst Benf ebl-ew ng
illustration of preferred exenplary enbodi nents using the

illustration in Fig. 1. 20 Fig. 1 shows in schematic form an
exenpllary enbedicrentergfl dhe eiadahait 105 agber dnR@rita dnhe-Havesbi en

ith a traini 20.  _Usi t-hi | ar. di t.th
Fventi on FATadet B | K BeCaid el Sids B1¥ai HBF TTAD1T affngEhe
rear cabi nreeéwdofaral hetomophdch( HIC) caht 125 vancal sd. adednt ageslis| y
pe nodif1ed andlsaddiory tECLEBRNI G et 88 Tl 144 Aty ar ! |

| and vehicles, 'wa orne vehicles, of aircrart crews, of “securi
per sonnel , 2F6r 43RS t ¥@i BRKG dheopeeating éPevand onnbpet dnyowefanthe

ermer genci egabnemaehbpeahPENBLELEe %_Qlﬂ@ab'f%he GhashedrLraining on
the systens, whether it is the machi ne guns or the rescue w nch,
requires sinulations of said systens that are highly accurate to the
original, uhichd&houtd bekaverlessepaialihy tdrejsame, udSoié Bet real
actually being.i en%i . It _is desirable _to.expand said traini for
t he Cooperg??gﬁn %ég%%éwpmrts of' a tralnlgg ogject can e
provided with the same color as the inner delimiting
20 surface of the training room for chroma keying. Thus
salid parts of the training object can be simplified by
merging a visual virtual illustration of the respective

training object into the scene instead.

25 For a weapon the simulation computing unit can further
comprise means for the calculation and illustration of
a sighting point ir the virtual images represented on a
head-mounted display. Thus e.g. a red dot can be merged
in. For a recoil simulation the model of the weapon can

30 comprise a recoil system operated with CO, or operated
electrically. In this way the recoil of the weapon can
be simulated realistically.

With the invention a simulator can be provided that
35 enables, as a crew-compatible training means, both
training in handling the systems and also training in
tactical operations. The advantages of various
technologies can thereby be suitably combined, whereby



menbers during a common operation, thus a conmon WD 2012/113686_ 8
" _PCT/ EP2012/ 052551 training roomis added. In this case the training
room 20 is thus the sinmulation of an H C rear cabin. For the HC

_cabin it | ¥9ndP18¥34PEBEI y necessary-td 5 have a PRPLERAPLREPFREALOf
the helicopter version to be sinulated. The cabin is only the shel

and at theesgne there c@:éwp@fOfaS%léQQ% rthaint e | @%"\fl@l%'d' thHg
surface of the tralnl ﬁ nhio IS g g erably conpletely ErOVI

with one CSPQPOPhataF LB € f of =% lﬁﬁ?ﬁna RE?Fﬁbnand has ené%les
individualinegbensiﬁe b&tnaﬂkedsamb usimg. thEh@|Uﬁ%ﬁQNJkECBBbﬂUGlSThe
col or bl ue ro ed, pous for,this pu ose

vi rtual |IF tlén O%EP% §9¥% %d caﬁanP%c% dﬁ% g%son?%nth%e
screeniruSIﬂ@ﬁﬁédﬂggahkﬂm of ahemﬂidﬂbeebbxnnemmmiehy1pmewmous be
abl e to di EQBBXeane ehel | ARAbifgindd s didrenslansedndependsnt Lo

the H C ca it can be provided that ere are no corners and edges
and the fl&BECBPiVRe WabiHRRoIEI S KealSe e b6l ot Blek. apd The

vi sual systefpeemskst Sh.@é t Basi Gagenpenent SeqRa® yrbher - ahgeng
generator and_th nmedi a, . The design of the inmage generators

dIS
is |ndepen88ﬂFe8E the é?@xcoﬁ%%B?tEﬂHl? i 7T EFBAL e Fn @voided,
si mul dt0 onwBSchonmuutimiputed 23, tid Clﬁedalctl:libatt esf t h&ede§r¢@@cui®hual

scenario a t e | dia and the re
conponentsgg?E%he raﬁﬁ%%hé$o%ﬁ1ﬁgdiﬁﬁ%%%h r%@ﬁto%ﬁﬁ%rFPQIﬁ}so be
transparentah@adlnﬁ@nﬁﬁux80ﬂdlE@I@yS@mmmmfmeﬁhH@nmﬁdeaushetrmmmug@

function fgggﬁstancgéngégggpeegghggﬁwgpvention, so that the
simulator 10 conprises at |east one 21, 21, which is connected to

the sinulation conputing unit 22 in order to send data to it and to
recei ug dafpart®ert hatadydhteges, features and advantageous

developments of the invention arise from the dependent
claims and the following illustration of preferred

exemplary embodiments using the illustration in Fig. 1.

20 Fig. 1 shows in schematic form an exemplary embodiment
of the simulator 10 according to the invention with a
training room 20. Using this exemplary embodiment the
invention is described in detail below as a trainer for
training the rear cabin crew of a helicopter (H/C). It

25 can also advantageously be modified and used for the
training of crews for military or civil land wvehicles,
waterborne vehicles, of aircraft crews, of security
personnel, for the training of operating crews for
operation and emergencies in machine rooms etc.

30
Realistic (basic) training on the systems, whether it
is the machine guns or the rescue winch, recuires
simulations of said systems that are highly accurate to
the original, which should behave essentially the same,

35 1f not actually being identical. It is desirable to
expand said training for the cooperation of the crew

members during a common operation, thus a common



35 background is thus achi eved fromthe individual view ng angles of
" the crew nenbers, each HVD is provided with two digital video caneras

that transmt thelr video data to the sinulation conmputing unit 22.
. In order t#° ¥B12d13R$B8686- 9 - PCT/ EP2012/ 052551PEB{EPAP A2/ 852551
respective view ng angle of a person, each FIND is further equipped

with a headrbmcihgr oMM Gk |ddkemh serhr anshl (Sicld St &4 0h {8 room
si mul atlon og% :L’lﬁg GH@E 22. ~Said information is processed by the 5
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sinplified,fPeka1 illustration of the simulated cabin is
projected onto the screen thus formed by means of the
15 Dblue-box method. In order to be able to display the
shell/cabin in its dimensions independently of the H/C
cabin, it can be provided that there are no corners and
edges and the floor of the cabin should likewise be
colored blue.
20
The visual system consists of two basic components,
namely the image generator and the display media. The
design of the image generators is independent of the
basic concept and is implemented in a simulation
25 computing unit 22, which calculates the desired wvirtual
scenario and transmits it to the display media and the

real components of the training room 20.

In contrast, a partially transparent head-mounted
30 display {(HMD) with a video see-through function forms
the cornerstone of the invention, so that the simulator
10 comprises at Jleast one HMD 21, 21', which is
connected to the simulation computing unit 22 in order
to send data to it and to receive data. So that a blue
35 Dbackground is thus achieved from the individual viewing
angles of the crew members, each HMD is provided with
two digital wvideo cameras that transmit their wvideo

data to the simulation computing unit 22. In order to



up. The handl es can be inplenmented as highly realistic 30 copies of
" the original, thus the operation of the weapon including rel oading,
r el easi ng the safety catch and firing can be trained. The feel thus
. corr espond¥0t 80Rd 1d80§inal equi prent. 9The ori ent BETGRPBPLRAB5ABER- up
is determ ned by neans of dedicated position sensors 35 and passed on

to the simabakireR neonmaki ngegﬁbbt%% wiop s e ngtltéeyo§h%ulge£l§8ﬂ be
colored in the sane .col or e.g bl.u as the entire cabin 20 1 n_order

to be abl e®fGPnEMye 18 AUk iqqqkﬁ G thie tHREG eF evaRer welpoRn
into the sterewifke tramistdl:si |1|tl$Stdaa‘Iai atb ofhd heithu weapen témpheiﬁgy a

hot listic 3 d del d K-
nd. oxpandiithe sie Pl Ce, g SOTRATI @ ¢ Mar rRA LRGSR gD S BHFI ng

with aTedshimsértdon cmm@mm sanbé 172 i egplde nelmé: e é onfutilriaal thmlges
simul ated gegne.,dhi 1&%5%§%Rkﬁﬁf thip,t 1B g rat

S|nulat|on§c%np5t%% S”sunlt by exp%hd#ﬁg qﬁﬁimeag%ng ﬁrec |€ﬁ£ﬁ%?h
an i magi naW§thi e, Vé}éttéﬁﬁq R EoRfiontiet epBept vhevhtg wiany litheby

terrain an@r!ahlshﬁ&ﬁ:'tihlgngc@rkbgbbnéghg15<ﬂae§refrgﬁr Eﬁémélﬁuwt%hon
t he nock- uB has an electrlt%a6 Fg perated or CO2 operated recoil

system SaFg PBESTF ¥l 4 °f H¥PSenough to represent the
speci flieed cadence, mhereln |t is strong enough at the sane tine to
simul at e r I of _the weapo di stribution
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provided in the _training room20 i'S oper controFIed
by means oPrPHédﬁéscu@hﬁéhst adFppiedeomeslol  dsist Mtr@egm%w af

functiions areegbmul @iceh ! herpeatigAar atd:0na 1R8N UR-ABLireRARd o
reeling |n éeelhagg % go The endulun1nnt|on of the load is

det ect abl y cﬁﬁpé 32 of the rescue winch by means of an
XI'Y notion plate 23. Said notion plate 23 is preferably disposed in

an UpStreaﬁﬂgh%escue &fh&@'cghéhexternal load procedure and the
area of the on-board security soldiers are preferably
20 simulated as working positions. E.g. two weapons 30, 31

are provided in the training room 20 for this purpose,

which are in the form of models (mock-ups). The
following functions/properties can thereby be
simuiated: operation, ballistics, cadence, recoil and

25  weight.

The weapon 30, 31 of the machine gunners is preferably
a combination of a 1:1 replica and a simplified mock-
up. The handles can be implemented as highly realistic
30 copies of the original, thus the operation of the
weapon including reloading, releasing the safety catch
and firing can be trained. The feel thus corresponds to
the original eguipment. The orientation of the mock-up
is determined by means of dedicated position sensors

35 and passed on to the simulation computing unit 20.

The barrel and the mount of a weapon 30, 31 can

advantageously be simplified. Insofar as they are



35 nmechanismfor the rescue winch is acconmodated. This region is
" likewi se colored blue. Wiile the upper end of the cable 32 is
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during thi d-¢ %% information or_commands to himi
appllcablegpgﬁ%g%g& R erence” éﬁaracterlS ékrong encugh at the
same time to simulate recoils. The weight of the weapon

20 and its distribution can be replicated with suitable
balancing weights or a force simulation by means of a

control load system (CLS).

Furthermore a rescue winch, which likewise 1s in the

25 form of a model, is provided in the training room 20.
The winch is operated or controlled by means of the
rescue hoist remote control unit and the following
functions are simulated thereon: operation, pendulum
motion and reeling in/reeling out.

30
The pendulum motion of the load is detectably simulated
on a cable 32 of the rescue winch by means of an X/Y
motion plate 23. Said motion plate 23 is preferably
disposed 1in an wupstream shell 40, in which the

35 mechanism for the rescue winch 1is accommodated. This
region is likewise colored blue. While the upper end of
the cable 32 1s disposed at a fixed point, the lower
eI:_td of the cable can move. The pendulum motion of a
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simulated load is thereby converted by the sgimulation
computing unit 22 into a relative X/Y coordinate (0, 0
in the stable rest position) and is transferred to the
motion plate 23 at the cable end, the motion plate
5  Dbeing provided with positioning motors. Sensors on the
axes of the X/Y plate further enable an operator’'s
force to be transferred to the cable 32, and it is
transmitted in turn to the simulation computing unit
22
10
The reeling out and reeling in of the cable 32 should
likewise preferably be detectable in the palms. For
this purpose the cable 32 is reeled out as with a real
winch from a first reel 33 and at the same time is
15 rolled up onto a second reel 33' at the lower end,
wherein its direction can be changed in between using
two rollers. The two reels are thereby advantageously
disposed outside the cabin, wherein one reel 33 is
attached above the cabin, whilst the other reel 33°* is
20 disposed beneath the cabin. This also allows the cable
tension to be simulated, which changes when the load is
set on the ground. The ‘“reeling in” can also be
simulated at times at which the operator pulls on the
cable by asymmetrical reeling in and unreeling of the
25 cable 32. This relates to the possibility of pulling
the cable into the cabin, but not to applying or

removing & load.

The training environment for the external load

30 procedure is practically a component of the equipment
of the door gumner or of the winch man. 2A machine
gunner or flight engineer or crew chief equipped with
an HMD can observe the external load during the
external load procedure both through a simulated hatch

35 and also through the represented windows and doors of
the H/C cabin. He is in communication with the trainer
during this and can pass information or commands to him
if applicable.
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List of reference characters:

10 simulator, trainer

20 training room, cabin, virtual H/C cabin
21, 21 head-mounted dispiay, HMD

22 - simulation computing unit

23 motion plate

30, 31 training object, weapon

32 cable

33, 33» reel

40 shell



shel | WO 2012/ 113686- 13 - PCT/ EP2012/ 052551 CLAI M5 51. A sinul ator
" (10) for the training of at |east one person, conprising a training
room (20), whose inner delimting surface is provided with a col or

. that is sulfPaBPé2fadd38Bfona keyi ng, wHerein the sPERMBRIPLIAQH2551
conprises at |least 10 one partially transparent head-nounted displ ay
(21; 21), whnehsis provided wth two video caneras for stereoscopic

i mges and a head tracker, which enabl es determ nation of the view ng
direction of the respective wearer, 15 and the sinmulator (10) further
conprises a sinulation conputing unit (22) with two i mage generators
for stereoscopic illustration of virtual imges on the at |east one
head- nount ed display (21; 21'), and the virtual 20 imges to be
represént ed .cah bemgénéorat €d My owided tixeniconppifsiang leamwans for

si mul t aneous nixin e i t i : of e at

| east one heagbﬁ%u%F%%H%?épFayg?gf?Lglnf &f?ﬁQ%oﬁgﬁ%gﬁmvi¥%ﬂa| i mages
in the respectviesesinagingedinetingnsupfagneisi platidedasiidbai med in
claim1, charagt eidzsd ichalthal ot NewsiaBiat 0b=( 10 APIISARAL | east
two partially transparent head-nounted_di splays (21; 30 21'), on
whi ch virtual W%ﬁ%gnc&?%esw%%%d(ﬂa%r@f%@m%%i Bh dGfRit i ng
EniL (1?)2)|at t bnee s iR thiiame.y ﬁtrgﬁ@éﬂéﬂ% ah@adﬁmoﬁhﬁédﬁdiiisﬁpl@i;e or

oth of clains 35 .and 2, aracteri_zed..i at e _entire trainin
room (20) is iﬁ%}énen ed s %§§ ol%eﬂﬁﬁvﬁﬁﬂﬁiiW1§§acEW° 1?%¥ﬁb )

sinmul ator as ctaneedsi nfone stereoecafic| aimsyds t lmmoligha 3 head

characterized {pythat thenilgorecam e decouphad {19m e side walls
of the training room (20).
viewling dlrection of the regpective wearer,

15 and the simulator (10) further comprises a
simulation computing unit (22) with two image

generators for stereoscopic illustration of

virtual 1mages on the at least one head-
mounted display (21; 21'), and the virtual
20 images to be represented can be generated by a

video mixer comprising a means for simultaneous
mixing of the images of the wvideo cameras of
the at least one head-mounted display (21; 21'")
with computed virtual images in the respective

25 viewing direction.

2. The simulator as claimed in claim 1, characterized
in that the simulator (10) comprises at least two
partially transparent head-mounted displays (21;

30 21'), on which virtual images can be generated by
the simulation computing unit (22) at the same

time.

3. The simulator ag claimed in one or both of claims 1
35 and 2, characterized in that the entire training
room (20) i1s implemented so as to be movable in

space.



5 5. The sinulator as clainmed in one or nore of clainms 1 through 4,

" characterized in that the training room(20) conprises at |east one
real training-object (30; 31). 10 6. The sinmulator as clainmed in

. claimb5, cHarafilerilid®sén that the t+alding obj ecPCTEER20B2HOH2H30;
31) and/or a winch, in each case as an original or a nodel. 15 7. The

sinul ator as clrﬁbnegmalakekm& eh%&%é&rhaedoﬂ% Ui‘atmérgat%ife (32)

of the winch is_cqupled to_a notion plate ( is novable in two
directions witRF-RIESHI ane thFeU@er in Fi”i‘érﬁﬁqeﬁi’-?ﬁ%t e 2pbhatan be
control |l ed by th% sifb@t | 08 2GONPYLd Ngawdk b UB2)e 8. rhhgn Sidpd ator as
clainmed in claim B‘WSL chargctﬁrl zed.in that the g&l on plate (23)
conprises at | BaSF Gi FhEHAOF 199 of ¢8) transfer of a
person 40 the cable (32) of the winch can be detected and can be
transmtted to the sjnu]ation corrputlng unit 30(22). 9. The simulator
as clai med2i-n GRE TLAB+BLEE cRAi Ml LR odgh B1e ciogr BOBRI A i n
that the cabl eci32msof 1t hehwiongm r uns bﬁhW%téﬂKhé’@ riael €na33; 33'),
ont o whi ch the ablte %)ﬂcan be r Ied and from wh ih it can be
unreel ed. 10 ﬁe Si %rragmcl r)red:qI‘iP]%]isa?%@t REP&c&S zed in
that the two reelai E3FirB31g @byedtsmaaﬁedfidutm de the training room
(20). 11. The simulator as clainmed in one or nore of clains 5

t hrough 10, characterized in that parts of a training object (30; 31)
are provi ded wrhb theisameteel orags tdpaimagr 10del ignding surface of

the training rgﬁgkgégérized in that the training object 1is
a weapon (30; 31) and/or a winch, in each

case as an original or a model.

15
7. The simulator as claimed in claim 6,
characterized in that a cable (32) of the
winch is coupled to a motion plate (23) that
is movable in two directions within a plane,
20 wherein the motion plate (23) can be
controlled by the simulaticn computing unit
(22) .
8. The simulator as claimed in claim 7,
25 characterized in that the motion plate (23)
comprises at least one sensor, with which the
force transfer of a person to the cable (32)
of the winch can be detected and can be
transmitted to the simulation computing unit
30 (22) .

9. The simulator as claimed in one or more of
claims 6 through 8, characterized in that the
cable (32) of the winch runs between two

35 reels (33; 33'}), onto which the cable (32)
can be reeled and from which it can be

unreeled.



for chroma keying. 12. The sinulator as clainmed in one or nore of
“clainms 6 through 11, characterized in that 15 the sinulation
conputing unit (22) for a weapon (30; 31) conprises neans for the

. cal cul at i oHPaR81RVR&368&ti on of a sighting poi nt PAT{RR2Q12{03R551

| mages represented on a head-nounted display (21; 21'). 20 13. The
simulator as clainmed in one or nore of clains 6 through 12,
characterized in that the weapon (30; 31) conprises a recoil system
oper at ed wilOh TOR orsopelated el astrichhinedsfoina recpith sidwl ation.

characterized in that the two reels (33: 33')

are disposed outside the training room (20).

11. The simulator as claimed in one or more of
claims 5 through 10, characterized in that
parts of a training object (30; 31) are
provided with the same color as the inner

10 delimiting surface of the training room (20)

for chroma keying.

12. The simulator as claimed in one or more of

claims 6 through 11, characterized in that

15 the simulation computing unit (22) for a

weapon (30; 31) comprises means for the

calculation and illustration of a sighting

point in the wvirtual images represented on a
head-mounted display (21; 21').

20

13. The simulator as claimed in one or more of
c¢laims 6 through 12, characterized in that
the weapon (30; 31) comprises a recoil system
operated with CO; or operated electrically

25 for a recoil simulation.



