1 OPTI CAL DEVI CES PARTI CULARLY FOR REMOTE VI EW NG
APPLI CATIONS Field of the Invention The present
invention relates to optical devices, and in
particular to devices whereby an object is viewed
renotely, with a large field-of-view (FOV) and in
which the systemaperture is |imted by various
constrains. The invention can advantageously be

i mpl emented in a | arge nunbed of inmaging
appl i cations, such as periscopes, as well as
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located remotely so as to avoid the blocking of the external view. For each of these |
applications, instrumentation is needed to collect light from the object, to transport the
light to a location more favorable for viewing, and to dispense the light to the viewing
instruments or to the eye of the viewer. There are some image transportation
techniques in common use today. One possible transportlation method is to sense the
image with a camera and transport the data electronically into a display source that
projects the image. Unfortunately, in addition to the relatively high cost of the
electronic system, the resolution of both the camera and the display source .is usually
inferior compared to the resolution of the eye. Another method is to transport the
light pattern with a coherent fiber optics bundle. This methed is, however, adequate
for systems with very small apertures only. Furthermore, the resolution of a fiber

optics bundle is even more inferior than that of the electronic imaging system



light pattern with a coherent fiber optics bundle.

This nethod is, however, adequate for systens with

very snmall apertures only. Furthernore, the resol ution

of a fiber optics bundle is even nore inferior than

that of the electronic inmaging system2 nentioned
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the present invention rel s to its inplenmentation
instantaneous field-of-view (IFOV) is significantly reduced. Hence, in order to obtain
a more desirable IFOV, a very large collimating lens is required, otherwise a much
smaller IFOV will be obtained. As a result, the present HUD systems are either bulky
and large, requiring considerable installation space which is inconvenient, and at
times, even unsafe, or suffer from limited performance. |
An important application of the present invention relates to its implementation
in 2 compact HUD, which alleviates the aforementioned drawbacks. In the HUD
design of the current invention, the total volume of the system is significantly reduced
while retaining the achievable IFOV, Hence, the overall system is very compact and

can readily be installed in a variety of configurations for a wide range of applications.




in a conpact HUD, which alleviates the aforenentioned
drawbacks. In the HUD design of the current

i nvention, the total volune of the systemis
significantly reduced while retaining the achievable
| FOV. Hence, the overall systemis very conpact and
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configurations for a wi de range of applications. 3 A
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eye-motion-box values. The resulting optical system offers a large, high-quality

image, which also accommodates large movements of the eye.

For all of the possible applications, the present invention is particularly
advantageous for substrate-mode configurations, i.e., for a configuration comprising a
light-transmitting substrate having at least two major surfaces and edges, optical
means for coupling light from the imaging module into the substrate by total internal
reflection, and at least one partially reflecting surface located in the substrate for

coupling the light onto the viewer’s eye. The combination of the present invention




advant ageous for substrate-node configurations, i.e.
for a configuration conprising a light-transmtting
substrate having at |east two major surfaces and
edges, optical neans for coupling light fromthe

~imaging nodule into the substrate by total internal
reflection, and at |east one partially reflecting
surface located in the substrate for coupling the
light onto the viewer's eye.4The conbi nation of the
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With specific reference to the figures in detail, it is stressed that the particulars
shown are by way of example and for purposes of illustrative discussion of the
preferred embodiments of the present invention oniy, and are presented in the cause
of providing what is believed to be the most useful and readily understood description
of the principles and conceptual aspects of the invention. In this regard, no attempt is
made to show structural details of the invention in more detail than is necessary for a
fundamental understanding of the invention. The descriptions taken with the
drawings are to serve as direction to those skilled in the art as to how the several

forms of the invention may be embodied in practice.



preferred enbodi nents of the present invention only,

and are presented in the cause of providing what is
believed to be the nost useful and readily understood
description of the principles and conceptual aspects

of the invention. In this regard, no attenpt is nade

to show structural details of the invention in nore
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Remote viewing optical systems, and periscopes in particular, are optical
systems designed to displace the object space reference point away from the eye space
reference point. ~ This allows the observer to look over or around an intervening
obstacle, or to view objects in a daqgerous location or environment while the observer
is in a safer location or environment. A submarine periscope is the typical example,
but many other applications, both military and non-military, are envisioned.

Fig. 1 illustrates the simplest form of a prior art periscope 2, having a pair of
optical elements 4 and 6, e.g., a pair of folding mirrors, which are used to allow a
viewer to see over a nearby obstacle. The basic geometry of this embodiment
imposes limitations on the performance of the system. This is especially true for
systems with a very wide FOV and a constraint on the distance, I, between the
folding-in optical element 4 and the folding-out element 6.

Fig. 2 illustrates an unfolded optical sy'stern with the following parameters:



but many other applications, both mlitary and
non-mlitary, are envisioned. Fig. 1 illustrates the
sinplest formof a prior art periscope 2, having a
pair of optical elenents 4 and 6, e.g., a pair of
folding mrrors, which are used to allow a viewer to
see over a nearby obstacle. The basic geonetry of this
enbodi ment inposes limtations on the performnce of
the system This is especialdy true for systens with
a very wide FOV and a constraint on the distance, 1,
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restrictions ‘on the optical design of the system. Thirdly, economic considerations

make it desirable to minimize the total number of optical elements. Fourthly, it is
desirable to keep internal images well clear of optical surfaces, where dust and
scratches can obscure porti;ms of the image, which complicates the mechanical design
and the fabrication of the device. Fifthly, the number of relay stages must be either
odd or even to insure the desired output image orientation, which adds to the
complexity of the optical design. All in all, the existing systems are either heavy,
cumbersome and expensive, or they have poor performahcc. Hence, a compromise
between good performance on one hand, and compactness and cost, on the other,

must usually be found when designing a remote sensing system.



restrictions on the optical design of the system

Thirdly, econom c considerations neke it desirable to
mnimze the total nunber of optical elenents.

Fourthly, it is desirable to keep internal inmages

wel | clear of optical surfaces, where dust and

scrat ches can obscure portions of the imge, which
conpl i cates the nechani cal design and the fabrication
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shoul.d be located in front of the
millimeters. The constraini that the combmer should be located in front of the
viewer’s eyes while the display source and the collimating lens should be located
further away to avoid blocking of the external scene, however, exists in both cases.
Fig. 4 illustrates a solution to this problem according to the present invention.
Instead of using a simple rectangular box, two of the horizontal edges of the
mechanical body of & common periscope are replaced with two pairs of parallel
reflecting surfaces, 28a, 28b and 3Qs, B(fb, respectively. The reflecting surfaces 28a
and 30a converge with respect to each other, while the reflecting services 28b and 30b
diverge with respect to each other, in the direction of the output aperture 20. The two
pairs form a continuous surface, namely, the edges of the surfaces 30a and 28b, and

respectively, 28a and 30b contact each other, forming two contiguous surfaces in

cross-section in the configuration of a bow-tie,



viewer's eyes while the display source and the
collimating |l ens should be |ocated further away to
avoi d bl ocki ng of the external scene, however, exists
in both cases. Fig. 4 illustrates a solution to this
probl em according to the present invention. |nstead
of using a sinple rectangul ar box, two of the
hori zontal edges of the nmechanical body of a conmon
periscope are replaced with $wo pairs of paralle
refl ecting surfaces, 28a, 28b and 30a, 30b, )
r es pecéanisl seen, fhe centfdl @attiofithesdevicede s fx@aspasshedpand the rays
converge with respect to each aother, while the .
triversecthis medize fipme e pwt anertuphe TP VERIE ARETHHIS 2Q Juthout any
each other, in the direction of the out put
“%%S??ﬁ?e 20. The two pairs forma continuous surface,
nanejyyile thecMae paw b terowr i aesjscidddiranl BRbughatodthe aperture
respectively, 28a and 30b contact each other, form ng
28 we irc Big i2¢ theustys drdna Seeslower pert of she EOLY ave jeflected from surfaces

onf | ation of a bogwtie. 8 As ca n, t
2Bond APbpaitE SoRe e dEt (B¢ 1Bpg’ PrEat PR Fetreaidisgted from
rSificd i i BRI bithikn fabblirey directl
S%%&F%g%zu %%étbe'a%'g?ét gifgaiz%ﬂeﬁnh%glt% E\E{;B B?E?JI 1ect ar?ce.leé n-ef: Y
fidhi the ingie aﬁ&iﬂﬁmair refedtedfwitd&om@/pais o pajabelt suufaces, the original
t g

O B S e e B Ko b
. f 2 d ; [
S S B R L B AT vest s o

t266pbticdl Wafest MhicR¥snéthidtle@dd oy dither GMheBpdirseofepdrhidel reflecting
traveling directly fromthe Input aperture aor

surfddes canddwiondide parts mhichoare refldctashiveice by thepyriacss 283,S8b; 30a,

origjnal,  direction of each.ray is i nt ai ned, .an

38h. Shesaithscrupdids st cormBed Bbord | By aoth e fpdf cves
."Rrgtﬁ ll{:é\/& LS osed of three parts:

ogﬂ{:egv#v}z&gr pa??ﬁt%&gﬁl e o%’togcal %\i\!gves, whi ch is not ‘

r ef | et eelphvitgithd @irectiontoichamis & infertealr fadhehe EMB.8 to the input

reflecting surfaces, and two side parts which

apaturedDedachiavhirhih sotlagteldpeairiages 25mand Y 1s Alsppeflected by
SHIEBAH PN A oGP B SA pi afeigon. To
BEREEL BRI Sie R B Lot Mo o
capent angle Q. offhe QNG yinvidentton sirfaes P8 sletippint ddyw mugtdmpinge on
s&r%‘gceaan b%%ﬁd %tg inqtlerssgct{o%f\l/i Cguergacg%{)a; and the marginal ray 36, incident
on surface 28a adjacent to its intersection 38 with surface 30b, must impiﬁge on
surface 28b before it crosses the input aperture 20. As both marginal rays meet the
requirement, all rays from the FOV that are incident on surface 28a will necessarily
also impinge on surface 28b. Thus, if the direction of the rﬁys is again inverted, a ray
located in the FOV that impinges on the EMB at an angle located in the FOV
necessarily enters the input aperture at the same angle. The present example provides
for an FOV of 42° with a significantly reduced input aperture 20 of 180 mm.

Naturally, in cases where / is extremely large, a cascade of two or mere pairs of



surface 28b, and respectively, 30a before it inpinges
on i nput aperture 20. To confirmthis, it is
sufficient to check the path of two rays: the margina
ray of the extrenme angle 32 of the FOV, incident on
surface 28a at a point 34, nmust inpinge on surface
28b beyond its intersection with surface 30a; and the
margi nal ray 36, incident on surface 28a adjacent to
its intersection 38 with surPace 30b, nust inpinge on
surface 28b before it crosses the input aperture 20.
réifechind Ruifidedi dudl be ayad ieathithe ther definede@Nt while| maigajpsning an
fromthe FOV that are incident on surface 28a wl |
apasptablecsizd of angnpwt anePilffye on surface 28b. Thus, if the
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aperture at the sane angle. The present e_xan{JI e
of panailebwmfletting surfAey nred4wt weedssasily bgriflentieahtq gach other and an

imestinonsin Pyl e Ulst dtie o giged oo
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t8Gectraled (sither tie @iper mpuhe dyvest),wndy ofhepainel parallel wlecting
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skifgees4s aequired dewbfaimp desigedsTitYet by acgitiofy g opfgine verie
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drﬂ"r“r?g, #ciﬁ PheERGH Rt FORImBFe in@for fifE tanid s, $tycaheb® increased.
wthdifferent pairs can be utilized accordin

to .
Kigthetracte, thedt@V encbd nsesasethigl bosh dhe hprizqutrt andoihe gggical axes,
for systens where only.one of the FOVS.i t .
HOVtEt SBeP IR GaF ISt PR TSP £ PEseRt sorssially Servisn @fﬁ’o]%{’er izontal and

LL allel reflecting surfaces is required to
@%Fé’i‘fﬁ;‘ﬁ%gi red FOV. In addition, not only the

ver t ifgal pirfdbe 6RM@piicul rdzakedadeyrdig So rthe lpoekentT frsreation is to
are systens, especially for navi%ati ng .an

warisfer ight witbires givendididnof-zint BIOFDU pagleb ‘ g’lrfw mipjmal angle
okl R b ot P ERR A Qorrs, an
bl gl FonoreBORRHE, HORAR IR W] shen Uiy e wevs
etk Gathipaiersaid FOW, put posss the optienl alevicedhrovgh itheinput aperture,
according to the present inventionis to . . .
that is, having an incident angle o such that Omn < & < Omax, exits said optical
device through the output aperture, and having at least one pair of parallel reflecting
surfaces. Part of the light waves located within the FOV that enters the input
aperture, passes directly in free space to the output aperture without being reflected,
while another part of the light waves entering the input aperture within the FOV,
arrives at the output aperture after being twice reflected by the pair of parallel
reflecting surfaces.

The reflecting surfaces 28a, 28b, 30a, 30b, which are illustrated in Fig. 4, are
simple mirrors that obey the first Snell law, that is, that the incident angle is equal to

the reflected angle at the surface. There are cases, however, where it is preferred to




transfer light within a given field-of-view (FOV) of
angl es, between a mninmal angle amty and a maxi nal

angle a... The optical device conprises an input
aperture, an output aperture renotely |ocated from
said input aperture, such that a |light wave, | ocated

within the said FOV, that enters the optical device

t hrough the input aperture, that is, having an

i ncident angle a such that ,, < a<ame,,, exits

said optical device through the output aperture, and

viedwiorpgraliel ddEgctiomgrapiags insteagarvkareialthe egflestad angle at the surface

. surface Part o he |ight.waves | ocated.within. the
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' surfaces 28a, 28b, 30a, 30b, which are
al?%t@%%?‘gd in Fig. 4, are sinple mirrors that obey
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is equal to the reflected angle at the surface. There

ofthis rethed., Thowes/ef paimsrrdiperaliel relopling sirfasgs irorter todegrease the
t L 1el. diff t ti instead, wh int
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fdr RGN peRNBd, §3 nbtl lithfied fd{serisBétes aha'it SarDbe/ GillizddGh YRy optical
angl e the ref?ect ed angl'e depeno?s on the wavel ength

doficastvherathiedepit apayturel it lddateddanfromghé ootput aperturefintlnding, but
ratings are identical, however, then th

t
notpi toaireFrgpace sy stems sudctsdUDs HMRs ieAg takace wil

cur 1 Shysfeetfy 1S 5y I pOROOP A b sbikdln, oy bERd8ed by
ulifig 16 SANBRELEIEY hel6dstABLIGIHR referibetd il §Hiddlineas it @o pairs

this nethod.” The use of pairs of parallel reflecting
ofpardlial axirrors 42ad d4btddadad dbsas shhwn impiég.thure of the

devigce f a.giyen F or,,alternatively,, to Lncreas
e igecih ate e THorale 4 ad viedh Fic acion Getopt B fipriie-mode
. A | Db ﬁ"
ofRaP B SR BEE Mercht GGG, Lo RpHEARE p LERPLARmARYG Sibstrate 43
havhing alepy twa pejbuperallelnsutfacksntd), SBudnd latdrall ddges 64, 36 an optical

free-space Séstems .such as HUDs, HMDs, and the |ike.
elament 4 ferqoupling ithe ligly. from thedisplay searcerid wigta eallimating lens 26

irtdf ﬁeemb%fj}gteb& ib?%%ﬁr?t%ngy reflection, and one or more at least partially

reflecting optical elements 6 located in the substrate, for coupling the light into the

EMB 8 of a viewer. Instead of using a simple rectangular substrate plate, however,
part of the two lateral edges 54, 56 of the substrate 48 are provided with two pairs of
pﬁrallel reflecting surfaces 58a, 58b, 60a, 60b, similar to the two pairs of parallel
mirrors 28a, 28b and 30a, 30b of Fig. 4. Typically, the angles betweern the rays
trapped inside the substrate 48 and the reflecting surfaces 58a, 58b, 60a, 60b are
sufficiently large so as to affect total interna! reflection. As such, no special
reflecting coating is required for these surfaces and they are merely polished surfaces.

The combination of the present invention with a substrate~mode configuration yields a



using the sanme structure as described with reference

to Fig. 3 by adding to it tw pairs of paralle

mrrors 42a, 44b, 44a and 42b, as shown in Fig. 4.

Figs. 6A and 6B illustrate a side view and a top view

of a substrate-npde optical device 46 of the present

i nvention, conprising a light-transmtting substrate

48 having at |east two major parallel surfaces 50,

52, and | ateral edges 54, 56! an optical element 4

for coupling the light fromthe display source 24 via ,
cempast hivheetviegicnt aptica system baving esehyaetareoptisabperfermance with
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one of the substrate's |ateral edges.



It will be evident to those skilled in the art that
the invention is not limted to the details of the
foregoing illustrated enbodi nents and that the present
invention may be enbodied in other specific forns
wi t hout departing fromthe ﬁzirit or essenti al
attributes thereof. The presént enbodi nents are
therefore to be considered in all respects as
illustrative and not rest CLAIME, the scope of the
i nvention being indicated by the appended cl ains

1. r at herAnharpgicat hedévicegoifoy dessferpng on lighhd weithin -+ a

.changfgs rf}&hiﬁh conme .within the neaning and range of
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in $PAGRI-hpArdslatddhshiiPibmadaed inpue apatureshieh tlnag lighghtavesesated
into the device; an output aperture located in

witbjragsdd fighdrof-viesy that entenithe pptienlstevire thpwshspish inprieaperture,

.sych that |ight-wayes,.located wthin said
ex‘?%@l(’@}’fﬁlfﬁ"é‘% SAILQUIPHEARSF S al  devi ce t hrough

S Qe irk i bdid § Ry t dpMi &8s sHdIPHabthe ra

ooy cral Pt e RRRAI ek i AR ot UK Ry SIUTE A the rays
trarsaede ithe venteal paotufrpmit the peputLapestusa ) tohthiemitputhepertayes without any

transverse the central part fromthe i nput aperture to
reflegiancs dgfining pe ppueal axistofghe dayige; angk | ect ance defi ni ng

an_o tcical a%ié,of the device; and reflecting
suff é@g% Y& n said reflecting surfaces are at

| eadferginesdidirefieétimakatiagds ARS heTehbene pafif 8F paiallel reflecting
characterized in that for each of said at | east one

surfpedst a first of said surfaces of that pair is
di sposed on.a first side of.sai.d central rt and,

s e CBAACISHzed inythat, lyr-gash Qfsai least one nawr *ﬁﬁ%&?éﬁl@%ﬂ@ces of
o : O ) h .
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thatipafrliedishoedset 4 seceadaide ofl apbsadrabpartdppasit to the first side;

respect to said optical axis, and a first of said pair
of egr off $aidl at ifasteend pajr of pemaltel reflentinggastacesarcadispered at an
anglg IC\)’&triitﬁ:I‘F'Jlf:lspect to said optical axis, and
a first of said pair of parallel reflecting surfaces converges towards the optical
axis while a second of said pair of parallel reflecting surfaces diverges from the
optical axis in the direction of the output aperture;
whereby part of said light waves located within said field-of-view that enter
the input aperture pass directly to the output aperture without being reflected by said
at least one of the pairs of parallel reflecting surfaces, while another part of the light
waves within said field-of-view that enters the input aperture, arrives at the output

aperture after being twice reflected by said at least one pair of parallel reflecting

surfaces.

2. The optical device according to claim 1, wherein another part of the light

waves arrives at said output aperture at the same direction that it arrives at said input

aperture.



axis while a second of said pair of parallel
reflecting surfaces diverges fromthe optical axis in
the direction of the output aperture; whereby part of
said |ight waves |ocated w thign said field-of-view
that enter the input aperture pass directly to the
out put aperture w thout being reflected by said at .
3. | eaThe opticalf ddviec padardingftopclaian leor 2.avhesgin sayd at least one pair of

surfaces, while another part of the |.ight VEeS. SRY
refideting sustaces hanges dhe gireyiom o neapagatioprf #t gt part of said light

apertyure, agrives at .t DUt 5 ture after being
waf/% %’EP ﬁ’&h%ﬂ?“éa ltgtgfcisatfjgga??@g%isqlr%ﬁghbai r of parallel
reflecting surfaces. 2. The optical device according

to claim1, wherein another part of the |ight _vvaveiqp )
4. ar rTHespétalsdtvicoatqudingpernere daimsb te 3nsvhereiadhe épcation and

that it arrives at said input apertyre. 1 .. d4he
orientationlof gaidi atdeascanedpaip of sefleting Slll‘gﬁce% ,MM%?‘E otpu aperture
t |eas ne.pair.of .reflectin rfaces changes the
P“%PF%&Q éﬂaﬂ?ef'ﬂpgp@éétg%ﬂ‘ ku&gp%@?ét part of said
light waves and then reflects it back to its original
5. dirpgl bgﬁ%al‘hfvﬂéew&ﬁ‘diﬁg'to Rl STeclAaROl @ Agwhereinghefocation and
cl al'ns 0 3, wherein The location and orientation
oriéftatt@i of asidl sdsastwie puit of oéfletinigenufacgs sndfafcaid guiput aperture
of said output aperture produce the field-of-view for
producg said inppapertpes fareegiven fiekkob¥is¥al devi ce
according to one of clainms | to 4, wherein the
l ocation.and, orientat.ion of said. t Dal t
6. 1 of a4 Pt s Toscusording e 0 g Sl T3, rtFeiiSald loast one
-pr S84 rda (612 difettidnafalotlsted to reach
palggP%%gggisggan%’efef%% i ﬁﬁ’.ﬁﬁga? gg%)ﬁge of1 claims 1 to

Vi Ce accor

onceveWieitobsepdird at | east one pair of reflecting
surfaces reflects said |ight waves into a direction

calculated to _reach one eye of an observer. 7.. TheH ¢ least
7. optTheoptial idevicecassodling to onef <hdims hig, Whegeig said at least one

Wherejn said at |least one, ..pajr of reflegt]

pair o fedlopng aueiopss e JRRbvave i Bl REpSAfEed to reach
b %o re@ch both eyes of an observer. 8. The optical

oth gyes o 2t @8y to one of clains 1 to 7, wherein a

first surface of .
8. The optical device according to one of claims 1to 7, wherein a first surface of

said reflecting surfaces converges with respect to said central part and a second

reflecting surface of said reflecting surfaces diverges with respect to said central part.

9. The optical device according to one of claims 1 to &, comprising at least two

pairs of parallel reflecting surfaces.

10.  The optical device according to claim 9, wherein said two pairs of reflecting

surfaces are identical to each other.

11.  The optical device according to one of claims 1 to 10, wherein said at least one

pair of reflecting surfaces are symmetrical around the central part of the device.



said reflecting surfaces converges with respect to
said central part and a second reflecting surface of
said reflecting surfaces diverges with respect to said
central part. 9. The opticdl4 device according to one
of clains 1 to 8, conprising at |least two pairs of
parallel reflecting surfaces. 10. The optical device

accordingto claim9, wherein said two hé
12 ef Theophigal deviceaeeording foekoim & whereimarfirst ﬁ%ﬂectlilg surface of

cadiis -oggv;gé@d\g{thggaggg Srchiuher a1 s seeadiieRedng Pufiate of cach
pai <R Vi rier i cAg ot R t?ﬁ%ﬁggﬁ b1 Bhe iy Hpercte.

wherein a first reflecting surface of each pair

13. Coﬁ’ﬁé ?ﬁﬁcéﬂ"& iéé ﬁ&%?&mgotﬁeﬁﬁﬂn 9o GrheAdid tﬁest%oé‘ﬂgspgf(; reflecting

re ng SUrface o pair “diverges wth

surﬁa%se?é}ﬁxga&téh%h dtferlBSofth rtﬁr%tdoﬂﬂggf)ué ﬂﬁ'fé&@sp ut aperture.

optical device accordi to claim 12, wherein
the two pairs of reflecting surfaces cont act each

14,0t MEle btidad'devictOaczoriihg ¥e whe B dlaianst 1443, Wirreiptsaihieflecting
devi ce according to one of clainms 1 to 13, wherein

surfasedareahiraati ng surfaces are mrrors. 15. The optical
devi ce according to one of clains 1 to 13, wherein
said reflecting surfaces are coatless. 16. The
15. optTheatptival dewicecaroonling te onewé cbfims| hitord 31 wherdg said reflecting
wherein said two reflecting surfaces are diffractive
surfgeestarageatlass. The optical device according to claim
16, wherein the grating functions of said diffractive

r ngs.are identical .to each o
16. 9 q’thl ggtlcal del:xgce alccordmg to one otf claims 1 to 13, wherein said two

reflecting surfaces are diffractive gratings.

17.  The optical device according to claim 16, wherein the grating functions of said

diffractive gratings are identical to each other.



