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(57) Abstract: The invention relates to an optical device (40) for obtaining an

enlargement of a given area of a 360° panoramic field of view, which is applic-
able to an optica system (20) for obtaining a 360° panoramic field of view,
which comprises aretro-reflector (3) with an outer convex spherical surface (1)
and an image sensor (18) for digital processing the field of view; the optical
device (40) comprises amagnifying optical element (6), which isfixable to the
retro-reflector (3) in correspondence with the outer convex spherical surface
(1), and deflector means (19) able to catch the rays coming from a given area of
the 360° panoramic field of view and to re-transmit the rays toward the optical
element (6); the optical element (6) transmits the rays to the image sensor (18).
The invention also relates to an optical system (20) comprising said optica
device (40), an apparatus for filming the images and an apparatus for projecting
the images comprising said optical system (20).
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PANORAM C BI FOCAL OBJECTI VE LENS

The present invention relates to the field of the
opti cal devi ces and, in particular, rel ates to an
optical device for obtaining an enlargenent of a given
area of a 360° panoramc visual field.

More in detail, the optical device of the invention is
applicable to an optical system for obtaining a 360°
panoramic image and can be freely operated by a user,
wi t hout interfering with the operation of said optical
systerh

Currently, vision canmeras are able to catch visual
f.ields that are relatively narrow and confined, such
as, for exanple, the visual field VI shown in figure 1.
In order to film the space surrounding the visual field
VI, the operator nust physicallly point the canmera, in a
manual way or by nmeans of notorized systens, towards

the area of which he/she wants to acquire the inmages.

During a single imge acquisition it is possible to
see, and - in case it is considered appropriate -
"catch", or record on a support (for exanple a digital

sensor) , only a small portion of the horizon.

A panoram c image of a given scene can only be obtained
by taking several imges and after a rewrking and
el aborati on of said inmages, which nust be nerged
together to obtain the requested panoramc View.

However, this operating node is particularly burdensone
when it is necessary to have a panoramic vision in a
given time instant, since. the final panoramc inmage is
given by the superposition of imges that are taken in
different tinme instants. If the panoramic scene is
dynamic (with noving people or objects) , in fact, the

final panor am c imge does not correspond to the
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reality at a given time instant.

Wth reference to figures 1-4, Az is the lens view
angle along the horizon plane A around the azimuth axis
Y while ElI is the angle along the direction that is
orthogonal to the horizon plane A around the elevation
axis E.

Regarding the neasurenents, Az can have values from 0°
to 360°, while ElI can have values from 0° at the
horizon A up to +90° at the Zenith Z or down to -90° at
the Nadir N.

Of course, Az and El can also have different val ues.

This happens, for exanple, when the imge sensor is
rect angul ar or when the lens is in a peculiar
configuration, the so-called ananorphic configuration,

according to which the nagnifications (zoom) along the
two axes are different one from each other.

Typical lenses with wide- field (w de-angle |enses) have
angles of Az and ElI neasuring at nost a few tens of
degr ees. Q her particular | enses, called "fisheye" ,
have view angles of Az=360° and El =+90°.

In recent vyears, nany ideas have been developed to
achieve lenses able to have angles of Az=360° and
El >90°, such as panoramic Ilenses, that are made using
mrrors of particular shapes and able to intercept
light rays coming from areas below horizon.

These techni cal sol utions provi de a éi gni fi cant
extension of the imge which can be obtained for
exanpl e from the typical lens called "fisheye".

Some  exanpl es can be found in some prior pat ent
docunent s, such as Brueggemann (Patent n. US3203328,
1965) , Pinzone et al (Patent n. US3846809, 1974) , King
(Patent n. US4326775, 1980), Rosendahl & Dykes (Patent
n. US4395093, 1983), ' Cox (Patent n. US4484801, 1984),
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Krei scher (Patent n. US4561733, 1985), Nayar (Patent n.

US5760826, 1998), Davis et al. (Patent n. US5841589,

1998) , in which a plane mrror instead of a curved
mrror is used. |

The prior art patent docunent on behalf of Kuroda et
al. (Patent n. US5854713, 1998) discloses a system wth
two aspherical mrrors .

The prior art -documents Geguss (Patent n. US4566763,

1986) and Hall & Ehtashani (Patent n. US4670648, 1987)
relates to a reflector instead of a mrror.

The prior art docunments Powell (Patent n. U85473474,

1995) and Powell (Patent n. US5631778, 1997) relate to
a retro-reflector with multiple reflections, so as to
decrease the angle of the principal rays and facilitate
the correction of optical aberrations.

Some authors have also developed panoramc objectives
with zoomng capabilities (King, Patent n. US4429957,

1981) or wth different resolutions wthin the sane
system (Cook, Patent n. US5710661, 1998)

More recently, wth the advent of digital sensors and
conputing means, optical vision systens together wth
conput at i onal al gorithns have devel oped so as to
provide panoramic imges nore clear for a user.

A "fisheye" | enses’ application is disclosed in
Poel stra (Patent n. US5563650, 1996)

Anot her patent docunent on behalf of Wallerstein et al.
(Patent n. US6373642, 2002) relates to a spherical

reflector . with a reflective surface that is able to
obtain visual fields up to El =-60°.

The optical systens of the lenses that are described in
t he literature and cited above have a generic
configuration, such as the configuration shown in

figure 2, which shows a section view obtained along a
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pl ane perpendicular to the horizon.

The optical system shown generically in figure 2 as a
"bl ack- box", has different configurations depending on
t he type of application, as described in the above
menti oned patent docunents.

The generic system Shovvn in figure 2 produces an inmage
on the focal plane in the shape of an annulus, as shown
in figure 3A

The physical size of the outer circunference of the
annulus is determned by the focal length of the
optical system and it can be chosen depending on the
application, whi |l e t he relative Si ze of saui d
circunference (i.e. the ratio between the |arger radius
and the m nor bradi us) depends on the choice of the
maxi mum val ue of the angle EI '(absol ute val ue)

In particular, the size of the area corresponding to
the inner circle of the annulus constitute the main
drawback of the apparatus, because they correspond to
the portion of the sensor that is not exploited.

Some authors have tried to optimze the acquisition
also exploiting the central part of the annulus, by
catching the blind area near the Zenith point z.

For exanple, the patent docunent Beckstead & Nordhauser
(Patent n. US6028719, 2000) discloses a lens system for
a frontal view (90°>E1>45°) and a plurality of mrrors
for a lateral view (El <45°), while the patent docunent
Driscoll et al. (Patent n. US6341044, 2002) discloses
retro-reflector for a lateral view (El<90°) and a
separate optical system for viewng the area close to
the Zenith z.

O her technical nodern solutions wuse a reflector to
catch the rays comng from the elevation angles around

the horizon (even up to values ranging between El-=-60°
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and El +=+45°), while further lenses are provided for

dimensioning the visual field on the focal plane and to
correct optical aberrations.

However, as shown in the figures of the above nentioned
prior art patent docunents, the imge sensor and the
rel ated el ectronic devi ces (and therefore t he
respective cables) are placed from the outer side,
which is exposed to the view

This feature is considerably negative for video-
surveill ance, si nce t he canera is particularly
cumber sone, both from an aesthetic point of view and
from the point of view of a clear vulnerability.

In fact, an attacker who wants to disable the canera is
able to easily locate it and he/she is able to easily
cut the electric cables.

Another simlar technical solution is described in US
2009/ 073254, which discloses a system for acquiring
omi di recti onal i mages, conprising an aspherical convex
mrror (eg. a hyperbolic mrror) and a known |enses
system passing t hr ough a central openi ng of the
hyperbolic mrror. The magnification is performed by a
suitable device which is placed in correspondence of
the known |enses system

Said patent docunent discloses the use of an aspherical
convex mrror, vrather than a fisheye-type lens or an
annul ar panoramic- type lens (PAL) , because said |enses
are very expensive, difficult to nmade and not able to
expl oi t the whol e acquiring surface.

Therefore, it is suggested to use said convex aspheric
mrror, in which a central opening can be performed, so
as to apply therein the above-nentioned device.

However , the use of sai d convex aspheric mrror

restricts the visual field to the space above the
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hori zon.

In addition, the magnifying device needs to be
supported by sonme rods for fixing it to the aspheric
mrror. These r ods have al so the drawback of
constituting an obstructioh for the visual field.

An object of the present invention is therefore to
obvi ate the above nentioned drawbacks of the prior art
and in particular to provide an optical device for
obtaining an enlargenent of a given area of a 360°
panoram c visual field, which can be applied to an
optical system able to produce a 360° panoram c visual
field in azimuth so as to exploit a sensor device in
all its parts.

Again, an object of the invention is to provide an
optical device for obtaining an enlargenent of a given
area of a 360° panoramic visual field, which can be
applied in a renovable manner to an optical system able
to obtain a 360° panoramic visual field in azinuth.
Furthernmore, an object of the present invention is to
provide an optical device for obtaining an enlargenent
of a given area of a 360° panoramic visual field, which
is easy to make and cheap.

Anot her object of the invention is to provide an
optical system for obtaining a 360° panoramc visual
field in azimuth and also below the horizon, w thout
any obstructions. These and other objects are achieved
by an optical device for obtaining a magnification of a
gi ven area of a 360° panoram c visual field, according
to the appended claim 1, which is referred to for sake:
of brevity; further detai |l ed characteristics are
described in the dependent clains.

Advant ageousl vy, the present invention relates to the

realization of an optical device for obtaining an
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invention is applied,;

- figure 4A shows a two-dinensional di agram sket ching
the visual field that is detectable by the optical

system of figure 4. _

A particular opti cal system to which th(; opti cal

device of the invention can be appli ed, wil | be
disclosed in the following, by way of exanple. This
nmeans that the optical device of the invention can be
applied to another optical system which is however

able to acquire a 360° panoram c inmage in azimnuth.

The enclosed figure 4 shows:

- a beam 14, shown by a continuous Iline, conmng from an
object located in correspondence of the horizon, in
whi ch E1=0° ,

- a beam 13, shown by a dashed line, comng from an

object placed at the upper edge of the field E1l+,

- a beam 15, shown by a dash-dotted 1line, comng from
an object placed below the horizon El1-, at an angle
between the horizon and the Nadir N,

- a beam 16, shown by a dotted line, and a beam 17,
shown by a dashed- two dotted line, said beams coning
from two respective objects placed in a visual field
between E+ and El - (between +45° and -60°, according to
t he enmbodi ment of the invention) '
The optical system 20 conprises an optical elenent or
retro-reflector 3, a first optical wunit 30, a sensor 18
for acquiring the image, and a lens 9.

The first‘optical ‘unit 30 includes a first lens group 4
and a sem-reflective mrrored surface 5, which are
assenbled together in a support 8, preferably made of
netal, for fixing the optical wunit 30 to the retro-
reflector 3 so that the first lens group 4 is placed at

a given distance from the retro-reflector 3.



WO 2013/102940 PCT/IT2012/000382

9
In particular, the support 8 is fixed to the retro-

reflector 3, i.e. the netal is bonded to the glass.

I n anot her enbodi nent of the optical wunit 30, the first
opti cal unit 30 is directly fixed to the retro-
reflector 3 by bonding the lens group 4.

In a further enbodinent of the optical wunit 30, the
mrrored surface 5 is constituted by a sem -reflective
coating which is directly deposited on the outer
surface of the lens group 4.

In any case, the sem -reflective mrrored surface 5 is
abl e td reflect a part of the incident 1light and fo
transmt the remaining portion.

In particul ar, for exanpl e, t he sem -refl ective
mrrored surface 5 passes 50% of the light and reflects
50% of the light.

The retro-reflector 3 is able to collect the beams from
each azimuth angle (from 0° to 360°) and is also able
to re-direct said beams toward the first optical unit
30.

The retro-reflector 3 is substantially a lens with a
first outer convex spherical surface 1 and a second
i nner concave spherical surface 2, and the lens 9 is
placed in a position opposite to the outer convex
spheri cal surface 1 wth respect to the retro-
reflectdr 3.

The inner concave surface 2 has a first area 21, which
is made reflective by depositing a coating suitable for
t he purpbse, and a second area 22, circul ar and
central, through which the beanms or rays 13, 14, 15, 16
and 17 pass, after being reflected (the beams or rays
13, 14 and 15) or transmtted (the beams or rays 16 and
17) from the sehi—reflective mrrored surface 5.

In correspondence of the inner concave surface 2 of the
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retro-refl ector 3, a knowmn lens 9 is placed for

collecting the beams outputting from the second area
22-, the lens 9 is specially designed fbr the specific
appl i cati on, accordi ng to known techni ques  and
par aneters, such as the required visual field, the
spatial resolution or others.

The lens 9 has a diaphragm 12, which is rigidly fixed
to the lens 9 by nmeans of a common netallic support 10.
Of course, the opening- stop or diaphragm 12 of the lens
9 may be placed anywhere within the support 10.

The netal support 10 is fixed in its turn to the retro-
reflector 3 by nmeans of a flange 11.

The lens group 4 allows to reduce the incidence angle
of the beans or rays with the lens 9.

The rays or beans 13, 14 and 15 which are conprised
between El1+ and El - affect the outer convex surface 1
of the retro-reflector 3 and are directed towards the
i nner concave surface 2 of the retro-reflector 3.

The light is reflected from the surface 2 and directed
back toward the central part of the surface 1.

The rays or beanms 13, 14 and 15 thus enter the first
lens group 4 and are reflected from the sem -reflective
mrrored surface 5 and re-directed towards the lens 9.

During the way the rays 13, 14 and 15 again pass
through the lens group 4 and the retro-reflector 3.

The optical system 20 creates the imge of the
panoram c scene on the focal plane 18 in the shape of
an annul us or ci rcul ar crown c, as shown in figure 3A

In this enbodinent, shown in figure 4, El1+ is equal to
45° and El - is equal to -60°: the total vi sual
elevation field is therefore 105°.

Before reaching the lens 9, the rays pass through the

stop-opening or diaphragm 12 of the lens 9, which is
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thus able to control the amount of |light which nust
enter the lens 9.
The lens 9 corrects, in turn, the optical aberrations

and creates a corrected inmage on the inmage sensor or
focal plane 18.

Figure 4A shows the image which is projected on the
focal plane 18 of the exanple shown in figure 4.

In particular, the image of the object transmtted by
the beam 13 is focused at the point 13', on the outer
edge of the circular crown CcC.

Simlarly, the imges of objects placed on the horizon
O and then transmitted to the optical system along the
beam 14, or images of objects transmtted by the beam
15 are forned respectively at t he points 14' and 15' on
the focal plane. The first lens group 4 and the sem -
reflective mrrored surface 5 are fixed to the retro-
reflector 3 by nmeans of the nmetal support 8.

Advant ageousl vy, this optical system 20 may be applied
to the optical device 40, according to the invention.
Wth reference to the enclosed figure 4, the optical
device 40 includes an optical elenment 6, nounted on a
support 7 which is made preferably of nmetal and which
is fixed to the support 8 through suitable connection
means, for exérrple t hreaded neans.

The optical el ement 6 has deflecting nmeans 19,

rotatably fixed to a support 20 which is provided wth

t hr ee- di nmensi onal rotating nmeans (not shown) , for
exanpl e a ball joint, which is in turn fixed to the
support 7.

Said deflecting neans 19 can rotate according to the
di rections of the two arrows rot .a (around the
elevation axis) and rot.b (around the azinuth axis) and

are able to catch a visual field between E+ and E -
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(between +45° and -60°, according to the enbodinent)

Many rotation systenms are now available and they can be
used to the above nentioned purpose, therefore a
detailed description of one of them is not the purpose
of the present invention.

In particular, the focal Iength of the optical elenent
6 is dinensioned so as to form the image of the visual
field EL', after which the rays 16 and 17 are passed
through the sem -reflective mrrored surface 5, the
first optical unit 30 and the lens 9.

The image produced by the second optical device 40 on
the focal plane 18 is constituted by the circle B,
which is exactly placed in correspondence of the hole
of the annulus C created by the optical system 20.

The conbined focal length of the optical system 20 with
the optical device 40 is dinmensioned so as to form a
magnified imge of the field EI' between the rays 16
and 17.

By rotating the deflecting Vrreans 19 on the plane
defined by the arrow rot. a, it is possible to catch all
the. visual fields i ncl uded wi t hin the original
panoramc field between E+ and El- (105°, according to
the enbodiment of the invention) and a magnification of
said visual fields can be seen directly on the inmage
sensor placed on the focal plane 18.

A rotation of the deflecting neans 19 and a possible
rotation of the support 20 about the axis of symetry
of the opiical system i.e. on the plane defined by the
arrow rot.b, allows the system to nove in azimuth and
then to catch magnified imges of the whole original
panoram c field.

The fact that the central region of the circular crown

C of the panoramic image is not affected by the inmage
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sensor advantageously allows to find a free area in

which the rmagnification can be projected wi t hout
interfering with the panoramc vision.

In other wor ds, the operator can advant ageously
continue to see both the whole original panor am ¢

visual field and a related magnified region, by using a

y

single imge sensor.
Using different and interchangeable optical elenments 6,
there may be different magnification values, depending
on the practical application. In particular, 3x,  6X,
etc. optical zoom can be used, for exanple.

In a preferred enbodinment of the device 40 according to
the invention, the deflecting nmeans 19 conprise a
mrrored surface.

According to another enbodinment of the device 40, the
defl ecting nmeans 19 conprise any other optical system -
for exanple a prism - which is able to catch rays and
return them in a definite direction.

In particular, the enbodinment shown in figure 4 refers
to an optical system which is able to catch the rays 16
and 17 within the original panoramc field between E1+
and El- and return them toward the magnified lens 6.
More generally, according to the invention, one of the
mrrored surfaces 21 or 5 - or both - may be replaced
by any other optical system able of catching rays and
return them in a definite direction, for exanple an
optical prism (not shown) .

Equal |y édvantageously, the optical system 20 can be
used both projecting and filmng the inmages.

Wen the images are projected, unlike the focal plane
18, a slide or an LCD screen or any inmage t_o be
projected <can be wused; the light exits the retro-

reflector and is projected on a projection surface (one
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hem spherical screen or the walls and the ceiling of a

room or of a building) .

The present i nvention has been descri bed for
illustrative but not limtative purposes, according to
5 a preferred enbodinment, but it is to be understood that

variations and/or nodifications may be nade by the man
skilled in the art wthout departing from the relevant

scope of protection, as defined by the appended clains.
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CLAI M5

1. Opti cal devi ce (40) for obt ai ni ng an
enl argenent of a certain area of a 360° panoramic field
of view, applicable to an optical system (200 for
obtaining a 360° panoramic field of view, said opti cal
system (20) conprising a catadioptric Ilens (3 having
an outer convex spherical surface (1 and an inmage
sensor (18) for digi tal processing said field of view,
said optical device  (40) conprising an enlarging
optical elenent (e , fixabl e to said catadi optric lens
(3 in correspondence of said outer convex spherical
sur f ace, and deflecting means (19) sui tabl e for
capturing rays from said certain area of said 360°
panoramic field of view and for sending back said rays
to said optical elenment (s ,
said optical elenent (e transmtting said rays (16,
17) to said inage sensor (18)

2. Optical device (40) according to claim 1,
characterized in that said deflecting neans (19) are
rotatabily fixed to a support (20) provided with
t hreedi nensional rotating means, so as said deflecting
means (19) can be oriented towards any area of said
360° panorarﬁ c field of view, both in azinmuth and in
el evation alike.

3. Optical device (40) according to claim 1 o 2,
characterized in that said optical system (20)
transmts to said inmage sensor (18 an annular inmage

(0 , havi hg a smaller circle (B ,

_and in that said optical device (40) transmts to said

i mge sensor (18) an image which is conprised wthin
said snaller circle (p
4. Optical device (40) according to one of clains

1-3, characterized in that said deflecting neans (19)
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conprise a reflecting surface.

5. Opti cal devibce (40) according to one of clains
1-3, <characterized in that said deflecting neans (19)
conprise a prism

6. Optical system (200 for obtaining, in a single
acqui sition, a 360° panoramc i mage, conprising a
catadioptric lens (3 a photographic lens (9 and an
i mage sensor (18) for digital processing said inmage;
said catadioptric lens (3 conprising a spherical |ens
having a first outer convex spherical surface (1. and a
second concave interior spherical surface (2, said
first and second spherical surfaces (1, 2) having a
respective centre, said <centres defining a first.
optical axis;
photographic lens (99 having a second optical axis
coinciding with said first optical axis, and conprising
a stop (12) opposed to said inmage sensor (18) ;
said optical system (200 being characterized in that
said phot ogr aphi c | ens (9) - is fixed to said
catadioptric lens (3 in correspondence of said second
concave interior spherical surface (2), oriented -with
said stop (12) facing to said catadioptric lens (3),
and in conprising an optical device (40) according to
one of clainms 1-5.

7. Optical system (20) according to claim s,
characterized in that said second concave interior
spherical surface (2 of said catadioptric lens (3 has
a first central area (22) conpletely transparent and a
second area (21) , surrounding said first area (22) and
having a reflecting surface, ‘
and in having a first optical unit (30) , comprising a
sem -reflective surface (5), and having a third optical

axi s, coinciding wth said first optical axis and
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second optical axis.

8. Optical system (20) according to claim 6 o 7,
characterized in that said first optical wunit (30)
conprises a first group of lenses (4 , suitable for

5 reducing the angle of incidence on said photographic
lens (9) , which is interposed between said first outer
convex spherical surface (1) of said catadioptric |ens
(3) and said sem -reflective surface (5

9. Apparatus for recordi ng t hr ee- di mensi onal

10 i mages, conprising an optical system (20) according to
one of clainms 6-8. |

10. Apparatus for projecting three-dinmensional
i mages, conprising a optical system (20 according to
one of clainms 6-8.

15

Barzano & Zanardo Roma S. p. A
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