*111%111211211121121211211211 1 *159159* Appar atus and nethod for operating a
flight simulator with a special inpression of reality The || ' ,
relates to a nethod and an apparatus for 5 operating a fli gmmmmmwnmw
wWith a special inpression of reality. DE 10 2008 023 955 B4 desgrj hes a

met hod for sinulating events and processes of aircraft, and veniclies or 10

watercraft and a sinul aticcl)n ) st(? This i nv_antionf' s based on t he obj ect
of actuatingm%—aéh—dm&m ' iR € ﬁ%@n—i—b%g}hmmmhis
necessary for actuati edthsanegecdwdi Laphessdoel pfbyealdany real -ti me

simul ati on program wherein a latency tinme which is 15 caused by a data
manager is to be conpensated. In this context, the tinme which is actually
requi red by Teocevsayian tyelateas wor Rd nieshadlerst oo appbrathe feal tine.
The termre | ap: b G d o ' r of

t he prog% am@gréfg@tﬁg%goﬁg%%ﬁoFllgﬁiggtglri r@t%gg;d%]?%%géi)o%ﬁgkgﬁggtg}wﬁe frame
wi t hi n whi cRft F€3dydtYem nust react. The termlatency time means a tine

peri od between an action and the occurrence of the expected reaction, that
is to say a_del time. In this patent, protection i.s_essentially 25 given
to the fact D%n&t%yizfooaeatoazﬁ s95h%tB‘$e %?%ﬂg?ﬁ ﬁoﬂat{j‘?ﬁef?ﬁesd% 2 )a(LBg\A,hi ch
occurs i s repleaded bypddapactesseenprfi calracdfites drardht areftriarhes eoedi ng

[ | at | [ ; iS4 ' t enent
control 1o SPAERETRE qud 8 (e SR EEBRT i) SRR P T e
speci fic i npe@eshen Wie td erte ahi @atuabihy gar aimohabion fieivghe dinnul at or

are not availeahl & s eevDE 692120 466 T3ad8SGHibeS MhahoissEeler ked to as a

35 parallel robot with four degrees of freedom which solves the problem of
shifting a ﬁﬁﬁ%ﬁQ%QHE&% s available merely by a non-real-time

simulation program, wherein a latency time which is

15 caused by a data manager is to be compensated.
In this context, the time which is actually required by
processes in the real world is understood to be the
real time. The term real time does not mean a specific
speed or processing power of the program or of the
20 controller but instead defines only the time frame
within which the system must react. The term latency
time means a time period between an action and the
occurrence of the expected reaction, that is to say a
delay time. In this patent, protection is essentially
25 given to the fact that if data is not received in good
time the data gap which occurs is replaced by data from
empirical values or data from preceding simulation
programs and this data is then transmitted to the
movement controller of the real time simulation device
30 [0046]. Details on the specific improvement of the
mechanical configuration of a flight simulator are not

available here.

DE 600 20 466 T2 describes what is referred to as a
35 parallel robot with four degrees of freedom which
solves the problem of shifting a movable plate with
four degrees of freedom at high speed and with a high

acceleration and of positioning the moveable plate with
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‘four- degrees of freedom at high speed and with a high acceleration and of
positioning the noveable plate with 1111111111121111121212121121121111111

*@0002* a high degree of rigidity and accuracy. The term parallel robot
is used here to refer to a robot in whigh_-a nmultiplicity of actuators are
arranged in parallel, wherein such a robot can be applied, for 5 exanple,

in a travel sinul tor for a or_.ve h respect to _the prior art,
thi s docunerit ?éegg] f 9955 al9 el rﬁ&&glgtymaa# h&r& Y3 degrqg’fs I} eedom
and whi ch armmnsldds] f epbexanjs eusied fhegat txi nukéeor sscsueh asbat e idi scl osed
in US5 333 514.and U it I 0 fq{%{ sql.ve g%lae r oposed
in DE 600 Z(ff%gﬁT% guﬁatr 31‘% LIzﬁcryob%fll escri d%vI\)rﬁ c}]aq%a% osmép
essential ly Rﬁraaljsﬁ;iem Mh@r@rlmange%nta oeriquar &ene| bej rﬁ@zﬂel%@) f®rovi ng

platfor ms(4)ex @Rl | Ngnpad t & 6421 aQE’mK!LQ@B?t i €02l aMBfd Sok 3eniRIRAr ticul ar
application 15 of such a robot in a flight mJl at.or i s not rrentloned her e.

WO 96/ 26 51NN tFaFReGEi bR &Rt MF Bt r%%‘bonElphﬁ é@FBﬁ‘@&ﬁ SRS 187 | abl e

as DE 696 23440 1) £8bdt§0|w@15_%$1 amvérps@xe@e‘glﬁe@st sf makak@emwWaingh i s
based on the prqgbl em of preci a%lg?/ si mul aﬂng 1t:he.real movenent which a
pil ot senses’ fenelvE rn&oaneaﬁ Yt TThi s PR hEREEHCA SV

si mul ator has ngra duppdosedg ideWiTes (192) SaAd aadpiithh nglhovVéRentirst rut 25
(114). h hi g JEvarent . a er pitc Jpv trut
(114) :M%br otaoargi%ﬁcy gon@ct ed to ékéb%}%% rt eé\F/’eledce!LItl %E \g/\y%er eggle%ts6S
nmovenent si A at 8r R¥ApEleks nopetf olfo Qf{j:rldoe?cbl Whd§inove medrpesag  (134)

with a rollidusa30: TOVBeRlE axi ss;y%fﬁésa&erarﬂ@aﬂie«ﬂtl apft Ga t RRrRITtiGhi ng
novenent axis, and is rotatably conni d to the pltchl n% m)verrent trut

(114), and a9 paht %alﬂ?ﬁl?QGB ha9Ffg (&) ceMPEPLIPIgPAVIS Sy erein
the partici pand Eahema(:S.GO)e]lénehﬁ:lsd g3t he A?Spaﬁtitﬁgaﬂo\@jﬁﬁlca&hrdﬂ in

such a way tf t hat e cen%g{)t grav,ﬁtﬂ/%rd gh L PRLLL ICI a totc%%nrh g,]bsdeparat ed

fromthe pltc %g novemne axi’s er 10 Sso he above pr in
the case of Hdwe. flight sinmulator protection was gl ven to the fact that the
rolling novenent strut (134) is rotatably connected to the pitching
novenent strut (11@%@') n_such 5 a way that the rolling novenent strut (134)

can rotate cBimple abbut Bhe (BreBRiLlA§LRBverEnt tHe UCETEAPIANRIIADI ane

per pendi cul audspddre PhAEEHAY HDYENEBUcaXias ARartcdgonpgheshact that this
feature nly_contains details V\IhIChBijm at e t n effe t to be g@hl eved, 10

wi t hout 28et FHISC I the2BpdE Y Shbblit #Bht S af:IOFgH’f kst H2sf5cri bed
here appear somorhky @fol gt ovEneirdre TbEeap)paflat usinadearidigngthe tdeal

i nvention aqga&eﬁ%nt which a pilot senses when maneuvering an

aircraft. This is based on a movement simulator having

a supporting device (102) and a pitching movement strut

25 (114) with a pitching movement axis, wherein the pitch-

ing movement strut (114) is rotatably connected to the

support “device, and wherein the movement simulator
comprises the following:

a rolling movement strut (134) with a rolling

30 movement axis which is perpendicular to the pitch-

ing movement axis and 1s rotatably connected to

the pitching movement strut (114), and a partici-

pant cabin (160) having a center of gravity,

wherein the participant cabin (160) is held by the

35 rolling movement strut in such a way that the

center ef gravity of the participant cabin is

separated from the pitching movement axis.



‘corr-espondi ng nethod are therefore based on the object 15 of presenting an
apparatus and a nethod with which the operation of a sinulator can be
achieved with a special inpression of reality for learning howto control a
vehicle, in particular an aircraft, novang in three-dinensional reality. In
addition, for the instructor 20 who is acconpanying the | earning process

there is al to_he_the possibilit f bein | e to,nonitor objectdvely
the | earni n?rbr868855hcéands?;‘é_ed'etﬁlr%eao?v?o ioir%)ge&’ al?réﬁhﬁee?ggé 'Phﬂl S

obj ect is adhiisvefilight anmappacat pyoasctisnneds rotven nte ahe¢ fawt hod as
claimed in ' : r qeordipg. t o ihe) i nuentiqn ik, be
descrii bed i ﬁélﬁdnﬂrnea%leet a}:aﬁt%gﬁg\?v..ﬁf)géggr?i c% ar? i (n th)i s 30 cgr]t ext, Yin the
drawi ng: Fi gcormeved atei fBeyPdlching SONAMRYr Heedt di hg4l o lBhEURVent i on,

Fig. 2shgws  gdgerMhewralk tha 1AQY edvaierdbcondit i ns4) agdnFirbra3shows a
representation of the inple- nented aﬁldltl onal sinul ation (_ngw ces and
syst emsf or dtWR4$ft he B r 2R t PORSP AR MARERERY i AGTPGed 16f)t HE B esent

i nvention i plae t erpand diang; to sithd ates,tdiv meamovefimemtspecdiia. 6- axi s
robot which can be _noved jn t di ppnsi qns, .t it] [ v.ehj cl e
cabi n, speCiz?Ef%Iéﬁ I ;;rc?fn 'a%heai régar%ézf t Eﬁgﬁcﬁt%alss a??ﬁ%?‘?& oé():rgftﬁ icrrglx_l%é%%l@t y. On
the other hatekaile twhhiciee riesate b&opravi defifesth oreéw BEIsignddtion of
the expegt e%ﬁﬁ%&%&tgﬁgy ofPaRR og‘ap@cirfpé | shb6af feheserhat ian e the

surroundi ngs are_to be expected during operation. The instructor is,
in turn, to PEGLPHT P TLIRR RETR IRRIPES el FrY i F | HPRPEEFBAbf t he
physi cal and psychic | oading and/or 15 the | oad-bearing capability of a

trainee b ans of data representing the sical state of t t.rai nee.
The Side vi i SPRFFERYT o “SECORUTAG FB | hESI neeveroon e 'Y

corresponding method are therefore based on the object
15 of presenting an apparatus and a method with which the
operation of a simulator can be achieved with a special
impression of reality for learning how to control a
-vehicle, in particular an aircraft, moving in three-
dimensional reality. In addition, for the instructor
20 who is accompanying the learning process there is also
to be the possibility of being able to monitor
objectively the learning progress and the degree of

loading of a trainee.

25 This object is achieved with an apparatus as claimed in
claim 1 and a method as claimed in claim 6.

The apparatus according to the invention will be
described in more detail below. In particular, in this

30 context, in the drawing:

Fig. 1 shows a side view of a simulator

according to the invention,

Fig. 2 shows a side view of the projection
35 conditions, and
Fig. 3 shows a representation of the imple-

mented additional simulation devices and



'shown in fig. 1 makes the main novelties of the 20 inventive concept
apparent. A 6-axis robot 1 is, on the one hand, connected here directly via
an adaptor plate 3 to a vehicle cockpit 4, to the entry 2 and, on the other
hand, securely to a device 6 for translatery |ateral novenent. The | ateral
nmovenents which are 25 possible with this device 6 are characterized by
means of the customary arrow synbols. .The travel .movenen of evice 5
for translatory |ongitudi nal”? frovenent Fogn V\hdlaecthecotelvrf%e SE?lﬁe dgl\}llqncaenG S
installed, are illustrated m3aateianss of the double arrow shown. This 30
conbi nati on of the devices 6 and 5 permts accel erated novenents of the
aircraft cabin 4 in the |longitudinal direction and in the lateral direction
si mul t aneousTie yndrRpendeht 1§edfof hehaoRERERRS SRVERE 1PBbds /1 .0nTH e

| ongi t udsnalofl r 8ghiaon t¢ dehunadehersy bndahg | 8ngid uspdéidinad-HBrigent ation
of the aircraft, that.is to say of the alrcraft cabldn 4. Since th
si mul ati on df°R%He c@h’cﬁ}?i of@i nP@n BPVEFaf £lsucCas AHESH00TI e, ¢

passenger pl@greditisorexpeiat ech t ordhivslleve ddigirgr esdmstifically of an
aircraft, such as actually occur in reality. On the
other hand, the trainee i1s to be provided with a real
10 simulation of the expected difficulties by means of a
realistic representation of the surroundings which are
to be expected during operation. The instructor is, in
turn, to be supplied all the time with a realistic
impression of the physical and psychic loading and/or
15 the load-bearing capability of a trainee by means of
data representing the physical state of the trainee.

The side view of a simulator according to the invention
shown 1in fig. 1 makes the main novelties of the
20 inventive concept apparent..A 6-axis robot 1 is, on the
one hand, connected here directly via an adaptor plate
3 to a vehicle cockpit 4, to the entry 2 and, on the
other hand, securely to a device 6 for translatory
lateral movement. The lateral movements which are
25 possible with this device 6 are characterized by means
of the customary arrow symbols. The travel movements of
a device 5 for translatory longitudinal movement, on
which device 5 the device 6 1is installed, are
illustrated by means of the double arrow shown. This
30 combination of the devices 6 and 5 permits accelerated
movements of the aircraft cabin 4 in the longitudinal
direction and in the lateral direction simultaneously,
independently of the movements of the robot 1. The
longitudinal direction is defined here by the longitu-
35 dinal orientation of the aircraft, that is to say of
the aircraft cabin 4. Since the simulation of the
conditions 1in an aircraft such as, for example, a

passenger plane, is expected to involve the greatest



‘demands bei ng nade of the sinmulator, this case will be considered in nore
detail below. The center of gravity of a passenger plane, or of any other
aircraft with aerofoils, is approximately in the 5 region of the center of
these aerofoils. The center of gravity gs-the point at which the entire
wei ght of such an aircraft can be inmagi ned as bei ng conbi ned and about
which the entire plane. can S i re, rotate. However, the pilot's seat
s gener al | PIEAPoIiG H800i SEatCs (O A HEOTentats of2gPaViry OF t he

pl ane, bot h dhididerddrivambren ddrweaidi rieeidwon of flight and noved upward in
relation to I of-the_pl . i ns_ghat, _f

exanpl e Meéﬁgpﬁgﬁégétgfﬁft %I:Iaa[wr]létx/pi%fotQngtgsg%yegﬁgﬁeﬁce%h % S6rmal
nmove- 15 merthsr t&ereeater wothgegriofpidis hiks phppeobiunabedy erpddicences an
addi tiongl tQIfus, VOF COnar cegsesUlY antdd | ¥efEp5118e ghat aree hetyeen the
pilot's seat and the center of gravity.of the plane. In the exanple of fig.
1, this cor rBSPOrids BpprkiPovet nateVyi€B the erstafc¥Bebhedf eenter
of the devi et Sairafd reds! BéofMaongit dei bakngoerPihedndridherseat 4 in
the aircraft .co kpit_'E of the.fligg_tL sinmulator. Therefore, in aqr ertto
similate a SEETH ng™ BT oc®eE TT iR1PUSsi BB/ wi R t HE si"RTiSt orf %A&dSidi ng to
the 25 i nverawevemw, nohe tiheleehs clseatockpi tgeheralhe [Locagiteddi aal a
directi o)V el i or Ar ryel i i.nal enent .
The 6- a?aBs r%lboé ECéga];{r‘&gsggé_t %t%ﬁlge%or?rgal c,onjgélige%fl ?ﬂgl %)(t:jig!rrr%\ier]rjlegr)lct\f1 and

pi voti ng novereitedf farveadt iy vhhi digandrion Fof tiiiohgur padesovadl t he

device 5 canfigar@ved W-EDapabdralo ageel eraht 8P id¥ t BealfiaRs| f orghdode. As
a result of the fact that the device 6 for translatory |ateral novenent is

I
movabl y i nstR43R; o dtte dWARS SHr t sl H5ERP AN fal Bdhent
pogbi _ngd ?f@ﬁ&aﬁﬂ;@é,edthﬂf)vﬁﬂb?t snét bheyt Mpéigéﬁwb@ethi@r acpessi Mevyepoth
i ndi vi y a intly. in this case o ormal, stariipg process it
is al soﬁgo Bléergi i Jﬁ%l aq‘_theéld Fﬁ%geaurolpnggfﬁglg?’aﬂignguﬁr é)cleas%e t%‘égaiaﬁ(,sroaft is
af f ect ed by etwariences nds, addhdienddusdmyur ofhscde awiipes, suiistagan be
simul ated i c%ﬁi,t' o) al. ®an Lti | use
of the devi cncel ork?ggns hgt oéfl)?s %%%?aké%\?gﬁent. IS%P%%% rs]gc%%tgléxtaq{&tel i's
sel f - evi denttheagentieh &f symar ey ont bsheesak@nef the devices 5 and 6 for

transl atory 1ongicudipahpMvesents jgnd 1r espaeki V@M’ré@%oz&c&@“%l@r@ﬁ—lo

| at er al _novenent_ can onl¥ ake Rl ace for as |ong as the trt?lrveglpapath of the

respect P¥e dBRGTE ' cHh iéﬁ?%ﬂ.cﬁo%{%??ni RDFr ZETEEE e ViE®h of

t he devi ce 5 f port aansaaisray drgndidrigdi tiad i el em@némest madd lthrgeredthan t hat

of the device 6 _for.transl at OE\\S/ Iatei(raJIt 15 rmgﬁmsnh. This al S0 < or.r esponds
i .

to the real teddlr&RENt3Thertsi i idar Oy Whids™ LELRAT |y BREG Bri ef I y
and in the rEmeefofegushs.orderparei stratlathe aunekpecirg provesendd of

shearing winds wsnsabicr afdi (Bt ardnor dand £asi!y.0b¥eaihbse ko 3%he
accidents and it"1s to be sinulated by neans of .tﬁe , _

invention to move the vehicle cockpit 4 in the. longitu-

dinal direction by means of the device 5 for transla-

tory longitudinal movement. The 6-axis robot 1 carries

out the normal combined lifting movement and pivoting

movement 6f a starting vehicle here. For this purposes,

30 the device 5 can be moved with natural acceleration in

the translatory mode. As a result of the fact that the

- device 6 for translatory lateral movement is movably

installed on the device 5 for translatory longitudinal

- movement, combined accelerated movements of the two

35 devices are possible both individually and jointly.

In order to use the device 6 for translatory lateral

movement, reference is made to the following example:



‘inventive sinmulator in conditions close to reality. Fig. 2 outlines in a
side view the projection conditions of the sinulated external viewin the
25 vehicle cockpit 4. The reference 15 represents here a possi ble OLED view
whi ch can be adapted, as a flexible scrgen, to the contours of the
respective vehicle cockpit 4. OLED stands here for "organic light emtting

di ode" and denot.es a | ow Vi scosi t%ﬁ if]1| [um gati ng cgrr%onelnt .madeL %f
organi c sem -cojﬁ]durt,l'fji%gcﬁ?e? af sS"RATEh drffer89r POR-ERE irtrorlﬁar?i
light-emttitrg deodesmuiatkedt tlat t Gerdne Hded,s tdre: poneprdeasst yehand t he

|'i ghting densi l: qwe n e : ng; (o] ine 35
material s a;ézl%%cazfstga_rlg. %’F}gg&%% ;ﬁeéghr?gllte%g;lnlgg ‘gﬂgggf g_ﬁ%l gla\%e%lﬁégﬁt ed for
screens and fdimplafysside fwinder thesdcap bSesizulargd abesosshttiigmns

i 11 um nati onb1oge o ABa Pl £QF BRt bANROTH bt Waya of 1 6881 eagat big thke

simul ated external viewis that this extﬁr nal view is projected by neans of

t
proj ectors GGG ojfectPdn EE?F%@@EOWMW ch25FE2 | o B ETGRE si dE? t HEhFehi cl e
cockpit 54. f&eerdst t hts respetf-evident that such a simulation by
http://en.w ki pedia, org/w ki/ Cave Autormtic_Virtual _.Envirqonment. In the
si de vi ew sHSWH® t hggpr o‘—}%eect i g%"%ﬁ??ace@g 8?Xt heéJf rBRt pdret't (rell,att%ré’
proj ecti on shorfaice@irgfl thevédent glkmdharmekbpedel yory | darard arisd giragjyect i on

surface of eil | t b eni1LAt R S e j ection
ur f aceslcan B dnrser aPrs ho T of & b 3 671 Aot aTod Th The

simul ati on spzceel | pathe Pht tEre cassPadye pAeyeeei obs s orddesinagst | of
course, 15 Re,waFdeSPOAdIIGAL Il genen thheapatdah dismasd ogsvidbere are
. suitable projection t hods fgr this pur pose whi ch permt & scene to be
represent ed %% h tZBEPEA O Nar GCELT AL RET ai YR ut £Pnd"PDj eI
surfaces w tdhgmi nlhaadges waheh denice a6l i fear Hrasislatomherlaiter2(l t hese
joint edges which run in_.a.linear fashi n made i nvisible for

repr eserdligi ngmoav%nb(?%ﬁ’ i mgrgrél%/vi t haer%?ati €§?§%?8€vg§8nput%8ti orA® con%elaelxi ty.
Thi s maki ng temiisidnents beme edinoe Bheaino ovindsl cuswrlhy @acumy
computer the,releflvely ffaclselyndef i Hedyabut ment 25 edges of the

projection areas used. For the use of the flight sinulator according to the
i nvention f ot PATHITELIRE | 66t eHRBRPEES ST t OFSUBF SBCPosF bIST 9T Btk

particul ar rgfideeRént 8ipeedirde sk ahitr tderl @) egsivy gubaceiwki ado maps

t he gro?nd ar ea, is case, the aircraft co ed with
an addi

30 In_t kpit 4 is equip
Pondt ST Y3FRar Qﬂ'g f+oor Sparfel PEFiG™E A BX r“lﬁﬁrbssea?at' of the
i npl enent ed addirn i onal s Tmuid abt oin deandesiams syssenso foealdetecti ng 35 the
human reactions. For this purpose of simulating a fire which has broken out

-onboard, a central snpke . . . _
Fig. 2 outlines 1in a side view the ©projection

conditions of the simulated external view in the
25 wvehicle cockpit 4.
The reference 15 represents here a possible OLED view
which can be adapted, as a flexible screen, to the
contours of the respective vehicle cockpit 4. OLED
stands here for "organic 1light emitting diode" and
30 denotes a low-viscosity illuminating component made of
organic semi-conducting materials which differs £from
the inorganic light-emitting diodes in that, on the one
hand, the power density and the 1lighting density are
lower and, on the other hand, no monocrystalline
35 materials are necessary. The OLED technology 1is
excellently well suited for screens and displays. &
further field of use is large-area spatial illumina-

tion.



‘generator 12 is provided with a controll able snoke distribution 11. Wth
this systemit is possible for the operator of the sinmulation systemto
produce snoke of a defined type and intensity at certain | ocations of the
aircraft cockpit 4 which are inportant for practical use. In addition, in a
particular formof the 5 enbodinent it is possible to subject the entire

vehicle cockpit 4, in _a _defined way -which_occurs under practical .everyday
condi tions, %}b sﬁ%ﬁ?ﬁﬁaﬁﬁvgmrﬁo Ss%) T asVare & seﬁ?pFSEeggéﬂ%I e,t e‘y

propul si on unintuldaradeenhechal s viesomsigthppartérits. éxtermkel vaelye ixbl e 10

to sinulate - r e of ch Mege j Lons kh e ; alistic
fashion, in ét%l%s&g& od?ﬂngnt 91g&?iilgti oogﬁgl Aco %%?%%ac%&?gqnggbgggc_{s{

provi ded to SWefgdgegyhvhichi pse Bypawdsass Vitslddnphex VEsGEs fedlaikpsyfist em

For reasgns pf clarity, correspondi ng devices 15 have not been represented
separately. The system 14 for illum nating the cabin can be changed in a
directly cont$®ltedehine?SRECEn a progranmed manner with respect to the
col ?)r and thﬁ:tipl’)t/eaﬁl&M{i(ﬂédié}f@fd}?Pﬂdi}}/@fhbé_ﬁ@tc&ﬁ&t@kﬂ&ﬁ]ﬁﬁué{ﬂ _tehvtiBensi rrulhat ed
realities. 20 The re I ons, of a Lght tralnee n_be. det ec w th the
detector deviee %ﬁfgﬁgdestléiceti‘ﬁbevé Srr%\?‘émnén?:hc?f %%ﬁ%%%l%ﬁd%&E ggre etecting
t he physi ogrmfrythad/feonte quymzsicbr or that progeaitian gurnfaades hodarthreact i ons
(maneuv Cridicls 25: i deui.c I i t
resi sta%ge 0 j:fa‘[ﬁ#e S Illdﬁ ”56 a%e???g%tﬁt?ggng}e&bsgféggfcglggen%glﬁ&%% 7tr]$opfose-. The
resi stance dihe h€e3kilRdc RPHel PdsCadasPty Seasuted GH s heaftgi IS t he

control knolyesj SetEo®t kelr ey ObatNite Hiiredtdaretel aie eRRIMGRNGY
switch, 30 which i§ possi blé Eieaent, is also 3ui t.abl e for th'LS[s pq{eﬁose.
The sensor 1PRE}vés Fo GHREER{1IEHe Lot UAT I §FLFUARNEET mRAT RNt $0f e
vehi cl e cockmttdr daeeputhasespgodbstidbnotutriiaceensust]? cferawaurise record
the entipre profile of training.unit of _th espectivel y:.0 .t

si mul at ;Lén B?%grcfnﬁresﬁioenéo%eqrqé{t orllé(]fgr?t rof pglrllél {ﬁae%l%gn lenpeg{fialc%dsy' adapt ed
to the respethenel grei sulsndd cainuieat igpanerho@dhi Ebe type mumeEss of the
modul e syst Qg idh Upleat@asy- Rexehange ol | fepukbice hiidis aPRAGAN that
the flight sinmulator according to the invention is also suitablefor use in
mlitary profRR¥aCEeRhceo cHHS HHtabl SRKFerI®ndE PRENMIEI BIF R IIHht er
pilot is inppitRNoPattbaybarkiibR Hihsiar ea 110der Adid i, Poaes - &in

prepari % forhhazar.dous dgEI oynglnt Such .exper;Lence p%te tial can . be

obt ai nedVcost2eF T etPFVEI $IHGSt PRLSENG W 1 &2 f HEBRET sTAGPAPSr SRt FSR

speci al i npresde onlwfigskale t fom t hepiresedanger i ag botah |imase 36itkhe
control of PELEPIPLEY THPTRALRLACASSEY A0d.bRE5Lgnal Rl oCGRA g, Of the

sensors used rFfequlreés a ‘special “control progr
invisible is carried out by means of "calculating out"

by computer the relatively precisely defined abutment
25 edges of the projection areas used.

For the use of the flight simulator according to the

invention for training helicopter pilots, it 1is also

possible in one particular refinement to provide a

further projection surface which maps the ground area.
30 In this case, the aircraft cockpit 4 is equipped with

an additional transparent floor panel.

Fig. 3 shows a representation of the implemented
additional simulation devices and systems for detecting
35. the human reactions. For this purpose of simulating a
fire which has broken out onboard, a central smoke
generator 12 1is provided with a controllable smoke
distribution 11. With this system it is possible for



- 10 - List of reference nunbers 16-Axis robot 2Entry 5 3Adaptor plate
4Vehi cl e cockpit, aircraft cockpit 5Device for translatory | ongitudinal
novenent 6Device for translatory |ateral novenent 7Projection surface of
the ceiling portion 10 8Projection surfgce of the right-hand side portion
9Proj ection surface of the front portion 10Measuring device for neasuring

the resistance of the skin_15  11Snok i.stribution ZSnnkﬁ' r oducer
13Mbdul e syst ?Qﬁr%5%ﬁg?ﬁgtg€eﬁlﬁﬁ§ t°0fS cFht F8I PPRAEFe1AEPS%em f or
i1 lum natingpft e dabime@Ot b & dispbayity at certain locations of

the ailrcraft «cockpit 4 which are important for
practical use. In addition, in a particular form of the
5 embodiment it is possible to subject the entire vehicle
cockpit -4, in a defined way which occurs under
practical everyday conditions, to shaking movements
such as are caused, for example, by propulsion unit
damage which is. becoming apparent. In order to be able

10 to simulate the occurrence of such damage situations in
even more realistic fashion, in this embodiment
additional acoﬁstic backgrounds are also provided to
the flight trainee by means of a complex loudspeaker
system. For reasons of clarity, corresponding devices

15 have not been represented separately. The system 14 for
illuminating the. cabin can be changed in a directly
controlled manner or in a programmed manner with
respect to the color and the intensity (flickering
light) in accordance with the simulated realities.

20 The reactions of a flight trainee can be detected with
the detector device 16 for detecting a movement of
persons and/or for detecting the physiognomy and/or
recorded for later evaluation of the human reactions
(maneuver criticism).

25 The measuring device 10 for measuring the resistance of
the skin of a flight trainee serves a comparable
purpose. The resistance of the skin can be most easily
measured in the region of the control knob or some
other control unit. The surface of an emergency switch,

30 which is possibly present, 1is also suitable for this

purpose.

The sensor 17 serves to detect the actually realised
movements of the wvehicle cockpit 4. The output signals
35 of the sensor 17 serve to record the entire profile of
a training unit of the respectively operated simulation

program.



*16Det ect or device for detecting novenent of persons and/or for detecting

t he physi ognony 17Sensor for detecting the cockpit npvenent Patent clains
Claim1: An apparatus for operating a sinulator with a 5 speci al

i npression of reality for |earning how po-control a vehicle, in particular
an aircraft, noving in three-dinensional reality,

characteriz in_that, said apparatus has_ t Of ol Lowi n eat .Qa) a
vehi cl e cab Wit e oﬁo{lﬁgo\i/eﬁfa&e e to G%g %?Iﬁru#%t gglgr]?gyhaa\l#’a%}erdgal
operat or corfia othel egepestisetpniseonddtesh adwecomiet t¥phand, ehixl® axi s

i ndustri al rtgw_{, ) < Onet ot n t of, Qt J 1 Jdevi ce (6)
for translatory Ié eﬁgggﬁhﬁgﬁpﬁﬁewhlclipg %%5§%Fyhﬁ%uﬁggﬁga%b%yffgﬁi angl e
on a devi ce §B)hangre t5lhfid atv¥5s 201 ongi t udi nal novenent, b) a displ ay
nmodel ed gn the contours of the vehicle cab (4) serves to transmt a

simul ated exterpal view on the basjs of O_ED technol ogy, 25c) .for the

pur poses of i nkf afPRG REFartdbtls SPEuAIERE Wit BH etir PRCBFEERPcd°
control | abl eclsy/stiereharioar tibi cabédy suitable flprodusengissmkd i(tEd)y;

o ovi ded. L ROIS e STTTG. PurGHe SiF Ba5. Pe SRS RO RLE ST B e oy St ems f or
sensi ng t he fleditrranpe lpt0)inf impeorsking dpelr tbeuber byt iy WhVendfea of
personsignd QlWsiWs purposes of preparing for hazardous deployment.

Such experience potential can be obtained cost-

effectively by training with a flight simulator with a

special impression of reality without endangering human

lives.

15
The control of the complex movement processes and the
signal processing of the sensors used requires a

special control program.



-35gnony (16) are provided, e) a sensor (17) for detecting the actual
novenents of the vehicle cab, - 12 - f) a systemfor externally operating
and controlling the simulator, which systemal so registers the reactions of
a fight trainer. 5 daim2: The appar-atigys -for operating a sinulator as
claimed in claim1, characterized 10in that in order to transmt a

sinmul ated external view, instead of tPe OLED t echnol ogy according to
feature b) a display is usgé555%%§—£§—%£%¥%%%%%£5$5§eans of projectors onto
proj ection surfaces which are | ocated outside 15the aircraft cockpit (4).
Claim3: The apparatus,. a ied in one of the preceding clains,
20characterﬁ2ed in fﬁZPa%hgk%%gfator control panel of the aircraft cabin
(4) which i€ used cdnW& quickly adapted to the respectively sinul ated
aircraftgtype, in am idy xhangeabl e 25f ashi on, by neans of the nodul e

system (13). Caim4: The apparatus as clained in one of the precedin
CYainB (3oéﬁbracte”¥ﬁgfclelg%ckpit, aircraft cockpit P g

5 Device for translatory longitudinal movement
6 Device for translatory lateral movement
7 Projection surface of the ceiling portion
10 8 Projection surface of the right-hand side
portion | ' |
Projection surface of the front portion
10 Measuring device for measuring the resistance
of the skin
15 11 Smoke distribution
12 Smoke producer
13 Module system for changing over the operator
control panel
14 System for illuminating the cabin
20 15 OLED display
16 Detector device - for detecting movement of

persons and/or for detecting the physiognomy

17 Sensor for detecting the cockpit movement



‘in tthat for the purpose of training, in particular helicopter pilots, a
further projection surface which maps the ground area is al so provided, and
in that the aircraft cockpit 4 35is equipped with a transparent fl oor

panel. Caimb5: - 13 - The apparatus as ¢l ainmed in one of the preceding
clainms, characterized in that for the purpose of training in the 5

mlitary field for sinulating hazgrdoug sityations.mhich occur in practice,

paramnmeters which are relevant in tary technol ogy, of an
acoustic, optical and nmechanical nature, are provided in the training
program 10 4.aim-6; A nmethod for operating a simulator with a speci al

i mpression of reality for learning howto control a vehicle, in particular
an air- 15craft, novify apPargiaes df aenoperatingald tgimehataet Witled i n t hat

it has the follow ng fpaliyiesimAas fory 8hf CL8ataby (4drmadakadngn HRE

vehicle to be simulatéd and havjng real ogerator,control el epents can be
moved by means of an %kt eFARFT8per & orVEBHELB urit ORRHEBARSLBF a2t axis
industrial robot (1) asicdafisn mbhiegmivedlired-whnesridiogaiialrei et i ons on
t he ground, _

characterized in that said apparatus has the

10 following features:

a) a vehicle cab (4) modeled on the vehicle
" to be simulated and having real operator
control elements is connected, on the one
15 hand, to a 6-axis industrial robot (1)
and, on the other hand, to the ground via
a device (6) for translatory lateral move-
ment which is movably mounted at a right
angle on a device (5) for translatory
20 longitudinal movement,
b) a display modeled on the contours of the
vehicle cab (4) serves. to transmit a simu-
lated external view on the basis of OLED

technology,
25 c) for the purposes of simulating hazardous
situations which occur in practice,

controllable systems for artificially

producing smoke (12), shaking movements,

sound generation and light phenomena (14)
30 are provided,

d) for detecting human stress reactions,
controllable systems for sensing the
resistance (10) of the skin and for
detecting movements of persons and.physio—

35 gnomy  (16) are provided,

e) a sensor (17) for detecting the actual

movements of the vehicle cab,



'b) a sinulated external view is conveyed to the flight trainer by nmeans of
a display using OLED technol ogy instead of the 30nornally transparent
aircraft cockpit, c) for the purposes of sinulating hazardous situations
whi ch occur in practice, controllable gystensfor artificially producing
snmoke (12), shaking novenents, 35sound generation and |ight phenonmena (14)
are provided, d) for etecti%§§ human_stress reacihons, control | abl e systens

for sensing the - 14)- % (25 %ncEPi0) GFFRENGKIY aRBedetdesi ngnd
novenent sof personsand t kenurysildgiromehel 6 )same Jatar dedvtanth  system

e)theoperaporcontrolpanegHEEgcggﬁg ggkgklg@Qa %%%9&H§§659635i‘§¥§ht
si mul at edai rcrafttypebyneansof a dule SysS enlf : alm
trainer. :
. _
Claim 2:
The apparatus for operating a simulator as
claimed in claim 1,
. characterized
10 ' in that in order to transmit a simulated
| . external view, instead of the OLED technology
according to feature b) a display is used
which is projected by means of projectors onto
projection surfaces which are located outside
15 the aircraft cockpit (4).
Claim 3:
~ The apparatus as claimed in one of the preced-
ing claims,
20 characterized
in that the operator control panel of the
‘aircraft cabin (4) which 1is wused can be
guickly adapted to the respectively simulated
" aircraft type, in an easily exchangeable
25 fashion, by means of the module system (13).
Claim 4:
The apparatus as claimed in one of the preced-
ing claims,
30 characterized
in that for the purpose of training, in parti-
cular helicopter pilots, a further projection
surface which maps the ground area is also
provided, and in that the aircraft cockpit 4
35 - is equipped with a transparent floor panel.

Claim 5:



10 -The nethod as clainmed in claim1, characterized
I nt hati nordertoconveyasi nul ated external view instead of the OLED

t echnol ogy accordi ngt of eat ur eb) adi spl ayi sused 15 which is projected by
means of projectors onto projection sunfiaces which are | ocated outside the
aircraft cockpit (4). Cdaim 20 A conputer program having a program code

for inplenentingthe
running in a conputer:

10

15

20

25

30

35

Claim 6:

nﬁtﬁn%o%%p%orsaatsucsl A ' & R4 O:fLr(fl 8ha® O%ar&%@m@%%tc%%qr ogram s

ing claims,

characterized

in that for the purpose of training in the
military field for simulating hazardous situa-
tions which occur in practice, parameters
which are relevant in terms of military tech-
nology, of an acoustic, optical and mechanical

nature, are provided in the training program.

A method for operating a simulator with a
special impression of reality for learning how
to control a vehicle, in particular an air-

craft, moving in three-dimensional reality,

characterized in that it has the following

features:

a) a vehicle cab (4) modeled on the vehicle
to be simulated and having real operator
control elements can be moved by means of
an external operator control unit by means
of a 6-axis industrial robot (1) which can
be moved in two orthogonal directions on
the ground,

b) a simulated external view is conveyed to
the flight trainer by means of a display
using OLED technology instead of the
normally transparent aircraft cockpit,

c) for the purposes of simulating hazardous
situations which occur in practice,
controllable systems for artificially
producing smoke (12), shaking movements,
sound generation and light phenomena (14)
are provided,

d) for detecting human stress reactions,

controllable systems for sensing the



‘25 Claim9: A machi ne-readabl e  carrier having the program code of a
conputer programfor inplenenting the nethod as clained in one of clains 6
and 7 when the programis running in a conputer.

- 14 -

resistance (10) of the skin and detecting
movements of persons and the physiognomy
(16) are provided, and
e) the operator control panel used can be
5 gquickly adapted to the respectively
simulated aircraft type by means of a
module system (13).

Claim 7
10 The method as claimed in claim 1,
' characterized ‘
in that in order to convey a simulated
external view, instead of the OLED technology
according to feature Db) a display is used
15 which is projected by means of projectors onto
projection surfaces which are located outside
the aircraft cockpit (4). '
Claim 8:
20 A computer program having a program code for

implementing the method steps as claimed in
one of claims 6 and 7 when the program is

running in a computer.

25 Claim 9:
A machine-readable carrier having the program
code of a computer program for implementing
the method as claimed in one of claims 6 and 7

when the program is running in a computer.



