US012411342B2

az United States Patent

a0y Patent No.: US 12,411,342 B2

Rabner 45) Date of Patent: Sep. 9, 2025
(54) HEAD MOUNTED DISPLAY (HMD) (58) Field of Classification Search
APPARATUS, METHOD, AND SYSTEM CPC ... GO02B 27/0172; GO2B 2027/0123; G02B
2027/0185; GO2B 2027/018
(71)  Applicant: HYPERVISION LTD, Yokneam Illit See application file for complete search history.
L)
(56) References Cited
(72) Inventor: Arthur Rabner, Yokneam Illit (IL)
U.S. PATENT DOCUMENTS
(73) Assignee: HYPERVISION LTD, Yokneam Illit 5334.991 A /1994 Wells ef al.
(L) 6529331 B2 3/2003 Massof et al.
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent ilssf"g)‘;nged“o; adjusted under 35 FOREIGN PATENT DOCUMENTS
S.C. v ays.
CN 107370937 11/2017
(21) Appl. No.: 17/910,257 CN 108959875 12/2018
Continued
(22) PCT Filed: Mar. 10, 2021 ( )
(86) PCT No.: PCT/IB2021/051996 OTHER PUBLICATIONS
§ 371 (o)1) International Search Report and the Written Opinion for Interna-
(2) Date: ’ Sep. 8, 2022 tional Application No. PCT/IB2021/051996, mailed on Jul. 18,
2021, 9 pages.
(87) PCT Pub. No.. W02021/181303 (Continued)
PCT Pub. Date: Sep. 16, 2021 Primary Examiner — Marin Pichler
(65) Prior Publication Dat (74) Attorney, Agent, or Firm — Shichrur & Co.
rior Publication Data
US 2023/0106173 A1 Apr. 6, 2023 7 ABSTRACT
For example, a Head Mounted Display (HMD) may include
Related U.S. Application Data a central display configured to display a first image in a
o o central Field of View (FoV) based on an image scene to be
(60) Provisional application No. 62/988,148, filed on Mar. displayed to a pupil of a user; a central lens configured to
11, 2020. direct light of the first image toward the pupil of the user, a
peripheral display configured to display a second image in a
(51) Int. CL temporal FoV based on the image scene; and a peripheral
GO2B 27/01 (2006.01) lens configured to direct light of the second image toward
(52) US. CL the pupil of the user, the peripheral lens is tilted at a tilt angle

CPC .. GO02B 27/0172 (2013.01); GO2B 2027/0123
(2013.01); GO2B 2027/0185 (2013.01); GO2B
2027/0187 (2013.01)

216

212
A

210

e,

&
]

relative to the central lens.

26 Claims, 18 Drawing Sheets

%;;www

225




US 12,411,342 B2

Page 2
(56) References Cited 2017/0285344 Al 10/2017 Benko et al.
2017/0336539 Al 11/2017 Perreault et al.
U.S. PATENT DOCUMENTS 2017/0371162 Al 122017 Makino
2018/0074319 Al 3/2018 Wheelwright et al.

7,072,107 B2 7/2006 Filipovich et al. 2019/0025472 Al 1/2019 Cheng et al.

7,542,210 B2 6/2009 Chirieleison, Sr. 2019/0026871 A1* 122019 Han ......oooooiciivnccnnnee GO02B 3/02

9,632,315 B2 4/2017 Smith et al. 2019/0049721 Al 2/2019 Anton et al.

9,910,282 B2 3/2018 Petrov 2019/0155037 Al* 5/2019 Matsumura ............ GO02B 25/04

10,025,101 B2 7/2018 Wheelwright et al.

10,261,319 B2 4/2019 Spitzer et al. FOREIGN PATENT DOCUMENTS

10,277,893 Bl 4/2019 Yoon et al.

10,282,906 B2 5/2019 Yonekubo JP 2011-145488 7/2011

10,288,885 B2 5/2019 Makino Jp 2016-127974 7/2016

10,310,598 B2 6/2019 Trail et al. JP 2016-134216 7/2016

10,607,323 B2 3/2020 Han et al. P 6902717 7/2021
2002/0181115 Al  12/2002 Massof et al. RU 2 642 149 1/2018
2004/0227703 Al 11/2004 Amvik et al. WO 2016/141721 9/2016
2008/0002262 A1* 1/2008 Chirieleison ...... GO02B 27/0172 WO 2017/071458 5/2017

359/630

2008/0106489 Al 5/2008 Brown et al.
20150187115 Al 7/2015 Macdonald et al. OTHER PUBLICATIONS
%8}2;8;253?2 2} ;gg}g Sgigz Interr.lati(.)nal Preliminary Report on Paten.tability for International
2016/0377870 Al 12/2016 Pilkinton et al. Appllcatlon No. PCT/IB2021/051996, mailed on Sep. 22, 2022, 6
2017/0115489 Al1* 4/2017 Hu .....ccceoevnnn. GO02B 27/0172 pages.
2017/0139213 Al 5/2017 Schmidtlin
2017/0171533 Al 6/2017 Benitez et al. * cited by examiner



US 12,411,342 B2

Sheet 1 of 18

Sep. 9, 2025

U.S. Patent

ROl 0§ T 08 =TT
o 001

ydured 1 depoaQ iemoourg
|
i

1snlpy

ML | St e e A o
i’ Nﬁw& { Y *I‘_L Arowey
6S ﬁ\ 1 ol 7 8¢ ﬁ&zobcou
0s1 -~



U.S. Patent Sep. 9, 2025 Sheet 2 of 18 US 12,411,342 B2

236

202

Fig. 2A

212

216




216

U.S. Patent Sep. 9, 2025

Sheet 3 of 18

o
[ag]
9\l

US 12,411,342 B2

214

{IITIT

Fig. 2B

212

-----
Taaa
.....
ey
LI
LIT
LLTH
LLTH
vaa,
-----

e
221



US 12,411,342 B2

Sheet 4 of 18

Sep. 9, 2025

U.S. Patent

9¢¢

vIT (4%¢ 917

0ce

01¢



US 12,411,342 B2

Sheet 5 of 18

Sep. 9, 2025

U.S. Patent

9¢¢ ¢€€¢

(437

9te

20¢€ e

0¢c¢

q¢ 814

01¢

T TI€

— PI¢

(432

V¢ 81y

9Lt

20¢ el




US 12,411,342 B2

Sheet 6 of 18

Sep. 9, 2025

U.S. Patent

(433

96¢

ag sy

LSE

Y9¢

99¢

(4%

(433

D¢ 81q

9¢ce

01¢




US 12,411,342 B2

Sheet 7 of 18

Sep. 9, 2025

U.S. Patent

Ot 81g

G - - s

o

o+

gy 'Siq




US 12,411,342 B2

Sheet 8 of 18

Sep. 9, 2025

U.S. Patent

¢ 81

08¢

$0¢

0cs

08¢

Eo>O : EB\,O



US 12,411,342 B2

Sheet 9 of 18

Sep. 9, 2025

U.S. Patent

V9 S

209

0¢9

”..................
K

v usop Yus

s jutod defzeao

019

]



US 12,411,342 B2

Sheet 10 of 18

Sep. 9, 2025

U.S. Patent

006~
Sh/
“1 ||||| o0OL- m
1 1
1 1 jum—
T [esem o J oSE1- 1,081
N
e i
A 09 A
wv 0 )
aAg 1S 107 9AH I 10]

L8y

B Y

o:/

9IL

~

I

[enua)
FOL

'

(Teseu xewr) ,Q¢-

(Tezodway xew) (G-

SO

o]

|®|—|
NS

(x91u90 TeONdo QUv"oo :
(oze3 1ySrens) ,G4-

(391020 Teondo ad).S.-

Kerdsig--~

oL

00L

1
Wog

T
(19109 [2onde-d2).6
(oze3 1y3rens) G-

(Teseu xewr) OG-

-

.._EOQEE Xeur) ofmzm:._....s
(oze3 1y3rens) G-
(103u90 Teondo (1d).SL-




US 12,411,342 B2

Sheet 11 of 18

Sep. 9, 2025

U.S. Patent

(uoryR)Ol RSB XBUL) L (-
(uore1o1 [erodtus] Xew ), ()¢ 108

€08~}

500;
< <
Ot i

A

\0
J_J
¥

AN

" !

\
e M

Lb O R
(191003 o
Teando 4D).0
(oze8 1yS1ems) (G¢- *08

018

8 81q
718 P18
( i \ } Y8 s
—— A
([enus2) 08 }
(uonwox [esodud) éésom_. (uonezor (jeaodua))

(qeseu) o (pdun) o 08
_ = -
|

y
: !
— E _m
e 3
a | |
AMDHEOO [821G0 QUVOO 1 AMVNﬁw “—waw.ﬂ—mv o '
(oze3 1ySrens) ,g¢- (feseu xew) (-

(UOTIEION [BSBU XBUL) O~

OAd

011~



US 12,411,342 B2

Sheet 12 of 18

Sep. 9, 2025

U.S. Patent

0P

906 ~
\
(3 10)
yond N
006
L16
\oo._ul
oOMulI.
: T
i _
€06 i
1
! S0D
: ©
i
‘“
1
[

6 S
916
€66
L
sua|
Joroy wowmmw%m—
KT _
756
0c6
116
\ 106
JOp (UOnRIOI [ESBU XBW) (O}~ \
ST 06 | (uonejor Jesoduwre) Xew),0¢- ;
—t = 5 " e o :
m m i m
i i I ~ i
-~} ﬂ m m $0D 4 AZ\_
©— ' ¢ © o Ol
; / DAd 0114 vl §4 i
1 1
T~ i i _
_ﬁy .......... : i L ||||||||||| _
AN HHERY
{ { (azed 3ens) c¢- N\
<06 <06
£16 ¢16




US 12,411,342 B2

Sheet 13 of 18

Sep. 9, 2025

U.S. Patent

01 814

<001

. S et

B
L/
‘
/
/4
4

0201

€101
1101

o.ﬁ o1 / g erdoradAy




US 12,411,342 B2

Sheet 14 of 18

Sep. 9, 2025

U.S. Patent

011

I0)us))

———————)

-
I“‘-
»

Wt

0¢Il

/ )
B c
. L.
1up onuo) | fndsiaf 3 f e fepdsig
pue [euonendwo) [ERUS) o m. [exoydieg
ostt.” /
1111
0111 [0

0011



U.S. Patent Sep. 9, 2025 Sheet 15 of 18 US 12,411,342 B2

1222

1220

x Aspheric /

<t
o
o~
—

Fresnel
surface

. ﬁ-
i = AP
5 ~~--_. {“ m 4
-~ ~— ~.~[-\ s ~t
a ~— e = [
3 < < 2
. = O
< 4 = O
o 8 7
2.9 = J-
@ (m]
S c
=0
o wn
O <
s
o—
=0
o -]
[
o
—
IS
—
ﬂ- k
o
= S
/ o
o
x Aspil?no o
- c
/./f—- \\ [%] ...(E
25
g
/ L @
- 7

dER

]
~.o
oy
~~. ~—
S @]
e,
it
-~
~e—. A e
i~ »
e,
~ iz
4
-




US 12,411,342 B2

Sheet 16 of 18

Sep. 9, 2025

U.S. Patent

B

€1 814 061
20¢gl \ 00¢t
N# \ 0sel UOTIBWINOO V\
I9poouy [# 18poouy / rmmmmm e " bz Terandizag \
RS NS " b aatoaod hs
g g m N FUS[
1
“ ! oﬂﬂeé@ e 6
! 1
EARERsmRARaRn 1 1 L d
1 P
HYIO/ZAA/TNAH e I I | ) JIET
P W ' 4 T THONPUI[0D
NIPIOH, pIBOq ISMIDATOD) ! : ATO/A0T [BRUST
H TOI0/TAC /TN (TH bee e i 1 H dg710 /AadDT X2 30 <=
j|o§w IRI[O[UOD SIOION IdIIN ' | ¢ HCUSFSIAY ey
i
y dA/INGH “ m ISR —p
1S 3 i !
T 5100 IS TAIA === == == = “ (@ LA
_H odg g ndwo)) “ m p I cmm. /S 9
e AN — o PISOTIING - aE10/aTT
> ! 1 UONBLUI{[0O
AnpouruAg ” IS[[ONUC)) : ! rsuds
UIN go i [exoydizog
Q|| iy WO 1O SN LSRRI, llllm,a.ol\mzs o /
[ s
el |
1S e STISWED ]
(142d) NO-9PIST QST
I2[[ONT0]) [ ] ot
d SN/dA/TINAH: dSN/dA/INAH allluvm reona
107 uondo 107 uondo dA/INAH OTe/sI '
. ' Ut =

NUI'] SSORIIA

SUIT] SSOTILA

qowo 10 gSN

s © s
SIX® T80T Alv.



US 12,411,342 B2

Sheet 17 of 18

Sep. 9, 2025

U.S. Patent

Quaos adeun
ay jo uonaod pareordup 1s11)
oy Surpnyout aSewr puodas oY) Jo
uongod (z1x) 71 papuaixa ue Ae[dsip
01 Kerdsip Texoyduad a1 asne))

N

Quaos afew oy Jo uoniod
pareotjdnp puooss oy Surpnpour
a8ewt puooss o Jo uoniod
(z1) suoz [erodwa) e Kerdsip
03 Aerdsip Texoydized ot asne))

N\
0Ivl

2u00s oFew! o) JO UOLJEWIOJUL
oSewnr oy} uo paseq o5ew puodss e Aejdsip
01 QINH 9 Jo Aerdstp rereydued e asne))

[44!

$1 814

2u20s
adewr o Jo uonaod pajeordnp
puodes e Surpnjout afewr 1s1

2y Jo uorpod (zox) Zd popudIXD ue

Keydsip 01 Aefdsip [enjueo a1} asne))

N\

80v1

\
YOP1

=HELY
oSeurt o Jo uonzod pojeoridnp
1sxy & Surpnjout ofew 1s11J
oy Jo uoniod (zo) SUOZ [ENUAD B
Kerdsip 03 Aefdsip [enued oy asne))

N\
90¥1

2U29s 9FewW] Uk Jo UoHeWIOjul aFewl
uo peseq a5eun 1511y B Aepdstp 03 (QINH) Aerdsiq
PIUNOJA peay e Jo Aedsip [enuad e asne))

\
(42t



U.S. Patent Sep. 9, 2025 Sheet 18 of 18 US 12,411,342 B2

o
o
w
—
N
<o
wy
o
g bt
e 8
=
\\ o8
S 9
2 5h
I} Q
he —
~ 9]
&0
o)
=
Q
p
0]




US 12,411,342 B2

1

HEAD MOUNTED DISPLAY (HMD)
APPARATUS, METHOD, AND SYSTEM

CROSS REFERENCE

This Application claims the benefit of and priority from
U.S. Provisional Patent Application No. 62/988,148 entitled
“WIDE FIELD OF VIEW VIRTUAL REALITY SYSTEM
(VRDOM)”, filed Mar. 11, 2020, the entire disclosure of
which is incorporated herein by reference.

TECHNICAL FIELD

Embodiments described herein generally relate to a Head
Mounted Display (HMD) device.

BACKGROUND

A Head Mounted Display (HMD) device may be mounted
on a head of a user, e.g., in front of the eyes of the user.

The HMD may be used to display an image to the eyes of
the user.

The HMD may be used, for example, for virtual reality
games, simulators, and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

For simplicity and clarity of illustration, elements shown
in the figures have not necessarily been drawn to scale. For
example, the dimensions of some of the elements may be
exaggerated relative to other elements for clarity of presen-
tation. Furthermore, reference numerals may be repeated
among the figures to indicate corresponding or analogous
elements. The figures are listed below.

FIG. 1 is a schematic illustration of a Head Mounted
Display (HMD) device, in accordance with some demon-
strative embodiments.

FIG. 2A is a schematic illustration of an HMD viewed at
a straight gaze of a pupil, FIG. 2B is a schematic illustration
of'the HMD viewed at a nasal gaze of the pupil, and FIG. 2C
is a schematic illustration of the HMD viewed at a temporal
gaze of the pupil, in accordance with some demonstrative
embodiments.

FIGS. 3A-3C are schematic illustrations of a top view of
an HMD, and FIG. 3D is a schematic illustration of a side
view of a central display and a central lens of the HMD, in
accordance with some demonstrative embodiments.

FIG. 4A is a schematic illustration of a first HMD
configuration viewed at a straight gaze of a pupil, FIG. 4B
is a schematic illustration of a second HMD configuration
viewed at a straight gaze of the pupil, and FIG. 4C is a
schematic illustration of the second HMD configuration
viewed at a temporal gaze of the pupil, in accordance with
some demonstrative embodiments.

FIG. 5 is a schematic illustration of a first HMD configu-
ration, a second HMD configuration, and a third HMD
configuration, in accordance with some demonstrative
embodiments.

FIG. 6A is a schematic illustration of a first HMD
configuration viewed at a straight gaze of a pupil, and FIG.
6B is a schematic illustration of a second HMD configura-
tion viewed at a temporal gaze of the pupil, in accordance
with some demonstrative embodiments.

FIG. 7 is a schematic illustration of a pre-distortion
scheme to distort an image scene to be displayed by an
HMD, in accordance with some demonstrative embodi-
ments.
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2

FIG. 8 is a schematic illustration of a distribution scheme
to distribute an image scene to be displayed by a central
display and a peripheral display of an HMD, in accordance
with some demonstrative embodiments.

FIG.9 is a schematic illustration of an adjustment scheme
to adjust an image scene to be displayed by an HMD, in
accordance with some demonstrative embodiments.

FIG. 10 is a schematic illustration of an HMD, in accor-
dance with some demonstrative embodiments.

FIG. 11 is a schematic illustration of a validation scheme
to validate a continuous Field of View (FoV) of an HMD, in
accordance with some demonstrative embodiments.

FIG. 12 is a schematic illustration of a flat-hybrid lens and
a concave-hybrid lens, which may be implemented in accor-
dance with some demonstrative embodiments.

FIG. 13 is a schematic block diagram of a system 1300
including a computing device and an HMD device, in
accordance with some demonstrative embodiments.

FIG. 14 is a schematic flow-chart illustration of a method
of controlling an HMD, in accordance with some demon-
strative embodiments.

FIG. 15 is a schematic block diagram illustration of a
product of manufacture, in accordance with some demon-
strative embodiments.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth in order to provide a thorough under-
standing of some embodiments. However, it will be under-
stood by persons of ordinary skill in the art that some
embodiments may be practiced without these specific
details. In other instances, well-known methods, procedures,
components, units and/or circuits have not been described in
detail so as not to obscure the discussion.

Discussions herein utilizing terms such as, for example,
“processing”, “computing”, “calculating”, “determining”,
“establishing”, “analyzing”, “checking”, or the like, may
refer to operation(s) and/or process(es) of a computer, a
computing platform, a computing system, or other electronic
computing device, that manipulate and/or transform data
represented as physical (e.g., electronic) quantities within
the computer’s registers and/or memories into other data
similarly represented as physical quantities within the com-
puter’s registers and/or memories or other information stor-
age medium that may store instructions to perform opera-
tions and/or processes.

The terms “plurality” and “a plurality” as used herein
include, for example, “multiple” or “two or more”. For
example, “a plurality of items” includes two or more items.

Some portions of the following detailed description are
presented in terms of algorithms and symbolic representa-
tions of operations on data bits or binary digital signals
within a computer memory. These algorithmic descriptions
and representations may be the techniques used by those
skilled in the data processing arts to convey the substance of
their work to others skilled in the art.

An algorithm is here, and generally, considered to be a
self-consistent sequence of acts or operations leading to a
desired result. These include physical manipulations of
physical quantities. Usually, though not necessarily, these
quantities take the form of electrical or magnetic signals
capable of being stored, transferred, combined, compared,
and otherwise manipulated. It has proven convenient at
times, principally for reasons of common usage, to refer to
these signals as bits, values, elements, symbols, characters,
terms, numbers or the like. It should be understood, how-
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ever, that all of these and similar terms are to be associated
with the appropriate physical quantities and are merely
convenient labels applied to these quantities.

As used herein, the term “circuitry” may refer to, be part
of, or include, an Application Specific Integrated Circuit
(ASIC), an integrated circuit, an electronic circuit, a pro-
cessor (shared, dedicated, or group), and/or memory (shared,
dedicated, or group), that execute one or more software or
firmware programs, a combinational logic circuit, and/or
other suitable hardware components that provide the
described functionality. In some embodiments, the circuitry
may be implemented in, or functions associated with the
circuitry may be implemented by, one or more software or
firmware modules. In some embodiments, circuitry may
include logic, at least partially operable in hardware.

The term “logic” may refer, for example, to computing
logic embedded in circuitry of a computing apparatus and/or
computing logic stored in a memory of a computing appa-
ratus. For example, the logic may be accessible by a pro-
cessor of the computing apparatus to execute the computing
logic to perform computing functions and/or operations. In
one example, logic may be embedded in various types of
memory and/or firmware, e.g., silicon blocks of various
chips and/or processors. Logic may be included in, and/or
implemented as part of, various circuitry, e.g., control cir-
cuitry, processor circuitry, and/or the like. In one example,
logic may be embedded in volatile memory and/or non-
volatile memory, including random access memory, read
only memory, programmable memory, magnetic memory,
flash memory, persistent memory, and/or the like. Logic may
be executed by one or more processors using memory, €.g.,
registers, buffers, stacks, and the like, coupled to the one or
more processors, e.g., as necessary to execute the logic.

Reference is now made to FIG. 1, which schematically
illustrates a Head Mounted Display (HMD) device 100, in
accordance with some demonstrative embodiments.

In some demonstrative embodiments, HMD device 100
may be configured to be mounted and/or positioned in front
eyes of a user. For example, HMD device 100 may be
configured to be worm on a head of a user, or on a helmet,
which may be worn on the head of the user.

In some demonstrative embodiments, HMD device 100
may be configured to display an image, e.g., a still image or
a video image, to the user.

In some demonstrative embodiments, HMD device 100
may be implemented, for example, for displaying images of
an Extended Reality (XR) application, a Virtual Reality
(VR) application, an augmented reality application, a gam-
ing application, an aviation application, a simulator, an
engineering application, a medical application, and/or to
display images of any other additional or alternative appli-
cations and/or implementations.

In some demonstrative embodiments, HMD device 100
may be configured to cover a wide Filed of View (FoV), e.g.,
as describe below.

In some demonstrative embodiments, HMD device 100
may be configured to cover a wide FoV, for example, to
improve a sense of immersion, presence and/or performance
for the user, for example, in tasks requiring peripheral
vision, for example, in virtual environments and/or in aug-
mented video-pass-through environments, e.g., as described
below.

In one example, HMD device 100 may be configured to
cover a wide temporal FoV, for example, to provide an effect
of “None of the enemies could escape from the corner of
your FoV, e.g., for a gamer in a VR game.
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In another example, HMD device 100 may be configured
for use by car racers and/or flight pilots in simulations,
which may require to use a temporal FoV in real situations.
For example, headsets covering a limited FoV may not be
good enough for such training needs and, therefore, simu-
lators using “dome projection” setups may be very compli-
cated, and/or expensive. For example, HMD device 100 may
make usage of the complicated and costly dome projections
unnecessary.

In some demonstrative embodiments, HMD device 100
may be configured to cover, e.g., to completely cover, a
human FoV, for example, including an extra FoV, which
may be covered, for example, by eye rotations in a comfort
zone, e.g., as described below.

In one example, a FoV completely covering the human
FoV may provide an improved user experience, for example,
for pass-through extended reality (pass-through XR) appli-
cations, for example, by having a “Reality” and “Virtuality”
FoV that corresponds and simulates a human natural FoV.

In some demonstrative embodiments, HMD device 100
may be configured to cover a horizontal FoV of 270 degrees
(°), e.g., as described below.

In one example, a human horizontal visual field may
provide a horizontal FoV of 210°, for example, at a straight
gaze of an eye of the user. According to this example,
considering a horizontal eye rotation of about +/-30°, e.g.,
from the straight gaze, a maximal horizontal FoV may be
270°, e.g., 210°+2x30°=270°.

In other embodiments, HMD device 100 may be config-
ured to cover any other horizontal FOV, e.g., less than or
more than 270°.

In some demonstrative embodiments, HMD device 100
may be configured to cover a vertical FoV of 170 degrees,
e.g., as described below.

In one example, a human vertical visual field may provide
a vertical FOV of 120°, for example, 50° up and 70° down.
According to this example, considering a vertical eye rota-
tion of about +/-25°, e.g., from the straight gaze, a maximal
vertical FoV may be 170°, e.g., ((50°+25°)+(70°+25°))
=170°.

In other embodiments, HMD device 100 may be config-
ured to cover any other vertical FOV, e.g., less than or more
than 170°.

In some demonstrative embodiments, HMD device 100
may be configured to cover a field of view of 270°x170°, for
example, which may cover the human FoV, and an addi-
tional FOV covered by rotations of the eye from the straight
gaze.

In some demonstrative embodiments, HMD device 100
may be configured to cover the wide FoV, for example, even
without compromising a continuous FoV and/or visual clar-
ity throughout the continuous FoV, e.g., as described below.

In some demonstrative embodiments, HMD device 100
may maintain the continuous FoV and/or the visual clarity,
for example, for different eye gazes of the eye of the user,
e.g., as described below.

In one example, HMD device 100 may be configured to
cover the wide FoV, for example, even without having
“black strips”, “double vision sectors”, and/or “seems” in
the FoV. For example, HMD device 100 may be configured
to cover the wide FoV, for example, even without compro-
mising visual clarity in an area of eye rotation comfort zone,
e.g., in a radius of up to about 30°, and/or in an area of eye
enforced rotation, e.g., in a radius of up to about 45° from
the straight gaze of the eye.

In some demonstrative embodiments, HMD device 100
may be configured to cover the wide FoV, for example, such
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that panoramic images and/or videos may be seen continu-
ously by the user, for example, for any eye gaze fixation
angle and/or for a convergence virtual distance, e.g., as
described below.

In one example, in a natural environment, a visual scan-
ning of a scene may be accomplished by a system of nested
actions, for example, moving the head and body of a user
within space, and moving eyes of the user within a visual
field of the user. For example, a fastest scan may be done by
the eyes, while the head and the body moves may be
complimentary. For example, the eyes may jump from one
scene location to another scene location, for example, a few
times per second, e.g., in saccades.

According to this example, the visual scanning of the
scene may build a reasonably complete representation of
what is happening in the scene, although the eye may have
high resolution only in a narrow window. For example, if
any visual detail is important for understanding in the FoV,
a coordination of the head and eye movements may point the
eyes at a target and may allow to encode the target.

Therefore, for an HMD having a wide FoV, it may be
advantageous, and in some cases, it may even be very
important, to have a continuous FoV, e.g., for any gaze
position, for example, for certain applications. For example,
in case of “black-out” angles in the FoV, important stimu-
lation data of the scene may be missed, and a goal of the
scene may not be accomplished.

In some demonstrative embodiments, HMD device 100
may be configured to cover the wide FoV, for example, even
without compromising a compactness, design and/or usabil-
ity of HMD device 100, e.g., as described below.

In some demonstrative embodiments, HMD device 100
may support a wide range of lens-display focal distances,
e.g., as described below.

In one example, HMD device 100 may support a lens-
display focal distance in a range between 15 millimeter
(mm) and 100 mm.

In another example, HMD device 100 may support a
lens-display focal distance in a range between 25 mm and 40
mm.

In other embodiments, any other lens-display focal dis-
tance may be implemented.

In some demonstrative embodiments, HMD device 100
may be configured to cover the wide FoV, for example,
while utilizing non-standard optical materials and/or non-
standard manufacturing approaches, for example, which
may be developed especially for cost effective mass pro-
duction.

In some demonstrative embodiments, HMD device 100
may be configured to provide a continuous view and/or an
optically optimized view at the wide FoV, for example, for
a plurality of different eye-relief settings, e.g., as described
below.

In some demonstrative embodiments, HMD device 100
may be configured to provide a continuous view and/or an
optically optimized view at the wide FoV, for example, even
when used by users suffering myopia and/or hyperopia, e.g.,
as described below.

In some demonstrative embodiments, HMD device 100
may be configured to provide a continuous view and/or an
optically optimized view, for example, for different mount-
ings of HMD device 100 relative to the head of the user, e.g.,
as described below. For example, HMD device 100 may
provide a continuous view and/or an optically optimized
view, for example, for a plurality of different tilt (pitch)
angles of HMD device 100 relative to the head of the user,
e.g., as described below.
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In some demonstrative embodiments, HMD device 100
may be configured to display a panoramic image scene, e.g.,
as described below.

In some demonstrative embodiments, HMD device 100
may include a first HMD 102 to display an image scene, e.g.,
of the panoramic image scene, to a first pupil 152 of the user.
For example, pupil 152 may be a pupil of a right eye of the
user, e.g., as described below.

In some demonstrative embodiments, HMD device 100
may include a second HMD 104 to display another image
scene, e.g., of the panoramic image scene, to a second pupil
154 of the user. For example, pupil 154 may be a pupil of a
left eye of the user, e.g., as described below.

In some demonstrative embodiments, an HMD, e.g.,
HMD 102 and/or HMD 104, may be configured to include
only a single central display and a single peripheral display,
e.g., as described below.

In other embodiments, HMD 102 and/or HMD 104 may
include more than one central display, and/or more than one
peripheral display.

In some demonstrative embodiments, in some use cases
and/or scenarios, there may be one or more disadvantages,
inefficiencies, and/or technical problems, for example, when
using a large number of displays, for example, a large
number of central displays and/or a large number of periph-
eral displays. For example, an HMD may include a plurality
of mini displays, and/or a plurality of micro displays, which
may be configured and/or operated as a combined large
display.

In one example, an HMD utilizing a large number of
displays may require complex manufacturing, and/or opera-
tion procedures.

In another example, using a large number of displays from
an HMD may increase an overall cost of the HMD, e.g., as
a cost per display area of a mini display or a micro display
may be much more expensive, e.g., 5 times higher, than a
cost per area of a large display.

In one example, central display 110 and/or peripheral
display 130 may be implemented by mini-displays. For
example, a mini display may have a display size in a range
of 1.5"-7". This implementation may be technically advan-
tageous, for example, compared to an implementation using
micro-displays with a display size of up to 1.8". For
example, about 6 micro-displays may be required to cover
the same FoV of a mini display. For example, an implemen-
tation using micro displays may have a total cost, which may
be about 30 times higher than an implementation using mini
display, e.g., for the same FoV, for example, if a cost of a
micro-display is about five times higher than the cost of a
mini display.

In some demonstrative embodiments, HMD 102 may
include a Central Display (CD) 110, a central lens 120, a
Peripheral Display (PD) 130, and a peripheral lens 140, e.g.,
as described below.

In some demonstrative embodiments, the peripheral lens
140 may be tilted at a tilt angle 127 relative to the central
lens 120, e.g., as described below.

In some demonstrative embodiments, HMD 104 may
include a CD 160, a central lens 165, a PD 170, and a
peripheral lens 175, e.g., as described below.

In some demonstrative embodiments, a lens, e.g., central
lens 120, central lens 165, peripheral lens 140 and/or periph-
eral lens 175, may be implemented utilizing any suitable
optical structure, module, element and/or system. In one
example, a lens, e.g., central lens 120, central lens 165,
peripheral lens 140 and/or peripheral lens 175, may be
implemented utilizing an optic lens. In another example, a
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lens, e.g., central lens 120, central lens 165, peripheral lens
140 and/or peripheral lens 175, may be implemented utiliz-
ing a lens module, a lens structure and/or a lens system.

In some demonstrative embodiments, the peripheral lens
175 may be tilted at a tilt angle, e.g., similar to or different
from, the tile angle 127, relative to the central lens 165.

In some demonstrative embodiments, some, or even all
elements of HMD 102 may be similar to, or even identical
to, respective elements of HMD 104, e.g., as described
below.

In other embodiments, some or all elements of HMD 102
may be different from respective portions of HMD 104.

In some demonstrative embodiments, central display 110
may include a central zone (cz) display area 112, an
extended central zone (xcz) display area 114, and/or an
extended nasal zone (nz) display area 116, e.g., as described
below.

In some demonstrative embodiments, the xcz display area
114 may be adjacent to the cz display area 112, e.g., as
described below.

In some demonstrative embodiments, the nz display area
116 may be adjacent to the cz display area 112, e.g., as
described below.

In some demonstrative embodiments, the cz display area
112 may be between the xcz display area 114 and the nz
display area 116, e.g., as described below.

In some demonstrative embodiments, central lens 120
may include a cz lens portion 122, an xcz lens portion 124,
and/or an nz lens portion 126, e.g., as described below.

In some demonstrative embodiments, the xcz lens portion
124 may be adjacent to the cz lens portion 122, e.g., as
described below.

In some demonstrative embodiments, the nz lens portion
126 may be adjacent to the cz lens portion 122, e.g., as
described below.

In some demonstrative embodiments, the ¢z lens portion
122 may be between the xcz lens portion 124 and the nz lens
portion 126, e.g., as described below.

In some demonstrative embodiments, peripheral display
130 may include a temporal zone (tz) display area 132, an
extended temporal zone (xtz) display area 134, and/or an
extended far temporal zone (xftz) display area 136, e.g., as
described below.

In some demonstrative embodiments, the xtz display area
134 may be adjacent to the tz display area 132, e.g., as
described below.

In some demonstrative embodiments, the xftz display area
136 may be adjacent to the tz display area 132, e.g., as
described below.

In some demonstrative embodiments, the tz display area
132 may be between the xtz display area 134 and the xfiz
display area 136, e.g., as described below.

In some demonstrative embodiments, the peripheral lens
140 may include a tz lens portion 142, an xtz lens portion
144, and/or an xftz lens portion 146, e.g., as described
below.

In some demonstrative embodiments, the xtz lens portion
144 may be adjacent to the tz lens portion 142, e.g., as
described below.

In some demonstrative embodiments, the xftz lens portion
146 may be adjacent to the tz lens portion 142, e.g., as
described below.

In some demonstrative embodiments, the tz lens portion
142 may be between the xtz lens portion 144 and the xfiz
lens portion 146, e.g., as described below.
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In some demonstrative embodiments, central display 160
may include a cz display area 162, an xcz display area 164,
and/or an nz display area 163.

In some demonstrative embodiments, central lens 165
may include a cz lens portion 166, an xcz lens portion 168,
and/or an nz lens portion 167, e.g., as described below.

In some demonstrative embodiments, peripheral display
170 may include a tz display area 172, an xtz display area
174, and/or an xftz display area 173, e.g., as described
below.

In some demonstrative embodiments, the peripheral lens
175 may include a tz lens portion 176, an xtz lens portion
178, and/or an xftz lens portion 177, e.g., as described
below.

In some demonstrative embodiments, lens 120 and/or lens
140 may be configured, for example, according to a hybrid
lens configuration, e.g., as described below.

In other embodiments, lens 120 and/or lens 140 may be
configured according to any other configuration.

In some demonstrative embodiments, lens 165 and/or lens
175 may be configured, for example, according to a hybrid
lens configuration, e.g., as described below.

In other embodiments, lens 165 and/or lens 175 may be
configured according to any other configuration.

In some demonstrative embodiments, the hybrid lens
configuration may include a freeform lens, e.g., an aspheri-
cal lens, for central vision, and a freeform Fresnel refractive
lens for peripheral vision, e.g., as described below.

For example, lens 120 and/or lens 165 may include a
freeform lens; and/or lens 140 and/or lens 175 may include
freeform Fresnel refractive lens, e.g., as described below.

In other embodiments, lens 120, lens 165, lens 140, and/or
lens 175 may include any other type of lens.

In some demonstrative embodiments, central display 110
may be configured to display a first image in a central FoV,
for example, based on the image scene to be displayed to the
pupil 152, e.g., as described below.

In some demonstrative embodiments, the cz display area
112 may be configured to display a cz portion of the first
image, e.g., as described below.

In some demonstrative embodiments, the xcz display area
114 may be configured to display an xcz portion of the first
image, e.g., as described below.

In some demonstrative embodiments, the nz display 116
area may be configured to display an nz portion of the first
image, e.g., as described below.

In some demonstrative embodiments, central lens 120
may be configured to direct light of the first image toward
the pupil 152, e.g., as described below.

In some demonstrative embodiments, the cz lens portion
122 may be configured to direct light of the ¢z portion of the
first image toward the pupil 152, for example, at a straight
gaze of the pupil 152, at a nasal gaze of the pupil 152, and/or
at a temporal gaze of the pupil 152, e.g., as described below.

In some demonstrative embodiments, the straight gaze of
the pupil 152 may be defined as a gaze of the pupil 152
towards a center of the image scene. For example, the
straight gaze may be defined to be around a visual axis of 0
degrees, for example, in a range between +5 and -5 degrees
relative to the visual axis. In other embodiments, the straight
gaze may be defined in any other range of angles relative to
the visual axis.

In some demonstrative embodiments, a positive horizon-
tal angle of the pupil 152 may be defined in a direction
toward the nose of the user, and a negative horizontal angle
of the pupil 152 may be defined in a direction toward the ear
of the user.
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In some demonstrative embodiments, the nasal gaze may
be defined as a gaze, which is not a straight gaze, and which
is in a direction towards the nose of the user. For example,
the nasal gaze may be between 0 degrees and a maximal
supported positive gaze angle towards the nose.

In one example, the nasal gaze may be defined between
angles of 0 and 70 degrees, for example, at an enforced
rotation of the eye.

In another example, the nasal gaze may be defined
between angles of 0 and 20 degrees, for example, in a
comfort zone.

In other embodiments, the nasal gaze may be defined in
any other range of angles.

In some demonstrative embodiments, the temporal gaze
may be defined as a gaze, which is not a straight gaze, and
which in a direction away from the nose of the user, e.g.,
towards the ear of the user. For example, the temporal gaze
may be between 0 degrees and a maximal supported nega-
tive gaze angle towards the ear.

In one example, the temporal gaze may be defined
between angles of 0 and -70 degrees, for example, at an
enforced rotation of the eye.

In another example, the temporal gaze may be defined
between angles of 0 and -20 degrees, for example, in a
comfort zone of the eye.

In other embodiments, the temporal gaze may be defined
in any other range of angles.

In some demonstrative embodiments, the ¢z lens portion
122 and the cz display area 112 may be configured to support
rotational gaze optimization of the pupil 152 up to a maxi-
mal design choice, for example, for a left gaze, a right gaze,
an up gaze, and/or a down gaze, e.g., as described below.

In some demonstrative embodiments, the xcz lens portion
124 may be configured to direct light of the xcz portion of
the first image toward the pupil 152, for example, at the
nasal gaze of the pupil 152, e.g., as described below.

In one example, the xcz lens portion 124 and the xcz
display area 114 may be configured to support continuous
FoV at the nasal gaze of the pupil 152, for example, of a
maximal design choice, e.g., as described below.

In some demonstrative embodiments, the nz lens portion
124 may be configured to direct light of the nz portion of the
first image toward the pupil 152, for example, at the straight
gaze of the pupil 152, the temporal gaze of the pupil 152,
and/or the nasal gaze of the pupil 152, e.g., as described
below.

In one example, the nz lens portion 126 and the nz display
area 116 may be configured to support a straight gaze
peripheral FoV optimization, and/or an upper zone (uz) and
a down zone (dz), for example, for vertical gazes of the pupil
152, e.g., as described below.

In some demonstrative embodiments, peripheral display
130 may be configured to display a second image in a
temporal FoV, for example, based on the image scene, e.g.,
as described below.

In some demonstrative embodiments, the tz display area
132 may be configured to display a tz portion of the second
image, e.g., as described below.

In some demonstrative embodiments, the xtz display area
134 may be configured to display an xtz portion of the
second image, e.g., as described below.

In some demonstrative embodiments, the xftz display area
136 may be configured to display an xftz portion of the
second image, e.g., as described below.

In some demonstrative embodiments, the peripheral lens
140 may be configured to direct light of the second image
toward the pupil 152, e.g., as described below,
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In some demonstrative embodiments, the tz lens portion
142 may be configured to direct light of the tz portion of the
second image toward the pupil 152, for example, at the
straight gaze of the pupil 152, the temporal gaze of the pupil
152, and/or the nasal gaze of the pupil 152, e.g., as described
below.

In one example, the tz lens portion 142 and the tz display
area 132 may be configured to support a temporal zone and
continuation of the cz display area 112 at a straight gaze of
the pupil 152, e.g., as described below.

In some demonstrative embodiments, the xtz lens portion
144 may be configured to direct light of the xtz portion of the
second image toward the pupil 152, for example, at the
temporal gaze of the pupil 152, e.g., as described below.

In one example, the xtz lens portion 144 and the xtz
display area 134 may be configured to support continuous
FoV under temporal gaze of the pupil 152, for example, for
a maximal design choice, e.g., as described below.

In some demonstrative embodiments, the xftz lens portion
146 may be configured to direct light of the xftz portion of
the second image toward the pupil 152, for example, at the
temporal gaze of the pupil 152, e.g., as described below.

In one example, the xftz lens portion 146 and the xfiz
display area 136 may be configured to support up to a
maximal temporal FoV for temporal gaze of the pupil 152,
for example, for a maximal design choice, e.g., as described
below.

In some demonstrative embodiments, each of the central
FoV and/or the temporal FoV may include a horizontal FoV
of at least 45 degrees, e.g., as described below.

In some demonstrative embodiments, each of the central
FoV and/or the temporal FoV may include a horizontal FoV
of at least 60 degrees, ¢.g., as described below.

In some demonstrative embodiments, each of the central
FoV and/or the temporal FoV may include a horizontal FoV
of at least 70 degrees, e.g., as described below.

In some demonstrative embodiments, each of the central
FoV and/or the temporal FoV may include a horizontal FoV
of at least 80 degrees, e.g., as described below.

In some demonstrative embodiments, each of the central
FoV and/or the temporal FoV may include a vertical FoV of
at least 80 degrees, e.g., as described below.

In some demonstrative embodiments, the central FoV
and/or the temporal FoV may be configured to form a
continuous horizontal FoV of at least 130 degrees, for
example, for a monocular FoV at a nasal FoV of at least 30
degrees, e.g., as described below.

In one example, the central FoV may form a first con-
tinuous horizontal FoV of 80 degrees and the temporal FoV
may form a second continuous horizontal FoV of 80, e.g., at
the straight gaze of the pupil 152. According to this example,
with an overlap of 30 degrees, a continuous horizontal FoV
of at least 130 degrees may be formed.

In some demonstrative embodiments, the central FoV and
the temporal FoV may be configured to form a continuous
horizontal FoV of at least 180 degrees, for example, for a
monocular FoV at a nasal FoV of at least 40 degrees.

In one example, the central FoV may form a continuous
horizontal FoV of 85 degrees, and/or the temporal FoV may
form a continuous horizontal FoV of 125, e.g., at the straight
gaze of the pupil 152. According to this example, with an
overlap of 30 degrees, a continuous horizontal FoV of at
least 180 degrees may be formed.

In some demonstrative embodiments, the central FoV and
the temporal FoV may be configured to form a continuous
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horizontal FoV of at least 200 degrees, for example, for a
monocular FoV at a nasal FoV of at least 50 degrees, e.g.,
as described below.

In one example, the central FoV may form a continuous
horizontal FoV of 95 degrees, and/or the temporal FoV may
form a continuous horizontal FoV of 135 degrees, e.g., at an
enforced straight gaze and temporal gaze of the pupil 152.
According to this example, with an overlap of 30 degrees, a
continuous horizontal FoV of at least 200 degrees may be
formed.

In some demonstrative embodiments, HMD 102 may be
configured to provide a continuous nasal gaze FoV to the
pupil 152 at the nasal gaze, e.g., as described below.

In some demonstrative embodiments, the continuous
nasal gaze FoV may include the light of the ¢z portion of the
first image directed by the cz lens portion 122 toward the
pupil 152 at the nasal gaze; the light of the xcz portion of the
first image directed by the xcz lens portion 124 toward the
pupil 152 at the nasal gaze; and/or the light of the tz portion
of the second image directed by the tz lens portion 142
toward the pupil 152 at the nasal gaze, e.g., as described
below.

In some demonstrative embodiments, HMD 102 may be
configured to provide a continuous temporal gaze FoV to the
pupil 152 at the temporal gaze, e.g., as described below.

In some demonstrative embodiments, the continuous tem-
poral gaze FoV may include the light of the ¢z portion of the
first image directed by the cz lens portion 122 toward the
pupil 152 at the temporal gaze; the light of the xtz portion
of the second image directed by the xtz lens portion 144
toward the pupil 152 at the temporal gaze; and/or the light
of the tz portion of the second image directed by the tz lens
portion 142 toward the pupil 152 at the temporal gaze, e.g.,
as described below.

In some demonstrative embodiments, HMD 102 may be
configured to provide a continuous straight gaze FoV to the
pupil 152 at the straight gaze, e.g., as described below.

In some demonstrative embodiments, the continuous
straight gaze FoV may include the light of the cz portion of
the first image directed by the cz lens portion 122 toward the
pupil 152 at the straight gaze; and the light of the tz portion
of the second image directed by the tz lens portion 142
toward the pupil 152 at the straight gaze, e.g., as described
below.

Reference is made to FIG. 2A, which schematically
illustrates an HMD 202 viewed at a straight gaze of a pupil
252, to FIG. 2B, which schematically illustrates the HMD
202 viewed at a nasal gaze of pupil 252, and to FIG. 2C,
which schematically illustrates the HMD 202 viewed at a
temporal gaze of pupil 252, in accordance with some
demonstrative embodiments. For example, HMD 102 (FIG.
1) may include one or more elements of HMD 202, and/or
may perform one or more operations of, and/or one or more
functionalities of, HMD 202.

In some demonstrative embodiments, as shown in FIGS.
2A-2C, HMD 202 may include a central display 210, a
central lens 220, a peripheral display 230, and/or a periph-
eral lens 240, e.g., as described below.

In some demonstrative embodiments, as shown in FIGS.
2A-2C, central display 210 may include a cz display area
212, an xcz display area 214, and/or an nz display area 216.
For example, central display 110 (FIG. 1) may include one
or more elements of central display 210, and/or may perform
one or more operations of, and/or one or more functionalities
of, central display 210.

In some demonstrative embodiments, as shown in FIGS.
2A-2C, central lens 220 may include a cz lens portion 222,
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an xcz lens portion 224, and/or an nz lens portion 226. For
example, central lens 120 (FIG. 1) may include one or more
elements of central lens 220, and/or may perform one or
more operations of, and/or one or more functionalities of,
central lens 220.

In some demonstrative embodiments, as shown in FIGS.
2A-2C, peripheral display 230 may include a tz display area
232, an xtz display area 234, and/or an xftz display area 236,
e.g., as described below. For example, peripheral display
130 (FIG. 1) may include one or more elements of peripheral
display 230, and/or may perform one or more operations of,
and/or one or more functionalities of, peripheral display 230.

In some demonstrative embodiments, as shown in FIGS.
2A-2C, the peripheral lens 240 may include a tz lens portion
242, an xtz lens portion 244, and/or an xftz lens portion 246,
e.g., as described below. For example, peripheral lens 140
(FIG. 1) may include one or more elements of peripheral
lens 240, and/or may perform one or more operations of,
and/or one or more functionalities of, peripheral lens 240.

In some demonstrative embodiments, HMD 202 may be
configured to provide a continues FoV, for example, for
substantially any gaze direction, e.g., as described below.

In some demonstrative embodiments, HMD 202 may be
configured to provide a continuous image, for example, on
transitions between lenses, e.g., between central lens 220
and peripheral lens 240, for example, at different eye gazes
of pupil 252, e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
2A, HMD 202 may be configured to provide a continuous
straight gaze FoV 211 to the pupil 252 at the straight gaze,
e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
2A, the continuous straight gaze FoV 211 may include light
of'a cz portion of a first image directed by the cz lens portion
222 toward the pupil 252 at the straight gaze, and light of'a
tz portion of a second image directed by the tz lens portion
242 toward the pupil 252 at the straight gaze.

In some demonstrative embodiments, as shown in FIG.
2A, for the straight gaze, a central right-eye FoV may
include an object “black star”, e.g., near a boundary of the
xcz display area 214.

In some demonstrative embodiments, as shown in FIG.
2A, for the straight gaze, a temporal right-eye FoV may also
include the same object “black star, e.g., near a boundary of
the tz display area 232.

In some demonstrative embodiments, as shown in FIG.
2A, the black star objects may generate chief rays 215 and
218, which may be refracted by corresponding lens portions.
For example, chief ray 215 may be refracted by cz lens
portion 222 and/or chief ray 218 may be refracted by tz lens
portion 242.

In some demonstrative embodiments, as shown in FIG.
2A, there may be a tangential line between central lens 220
and peripheral lens 240, such that the chief rays 215 and 218
may exit through the respective lens portions via the tan-
gential line, for example, in a collinear manner, to form a
single, combined, chief ray 217.

In some demonstrative embodiments, as shown in FIG.
2A, rays generated by the black star objects may be colli-
mated by central lens 220 and peripheral lens 240, e.g.,
before hitting the pupil 252, and may be focused by the eye
toward a same point 219 on a retina of the eye. For example,
the black star objects generated in the different displays, e.g.,
central display 210 and peripheral display 230, may be
perceived as a single object by the eye/brain, e.g., at point
219. Therefore, a continuous image may be perceived on a
boundary between central lens 220 and peripheral lens 240.
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In some demonstrative embodiments, as shown in FIG.
2A, the continuous straight gaze FoV 211 may be formed by
an nz FoV, denoted nz, a cz FoV, denoted cz, and a tz FoV,
denoted tz.

In some demonstrative embodiments, as shown in FIG.
2A, the nz FoV may include a FoV extension for objects in
the nasal FoV refracted by the nz lens portion 226.

In some demonstrative embodiments, as shown in FIG.
2A, the cz FoV may correspond to a central zone corre-
sponding to objects for which rays are refracted by cz lens
portion 222.

In some demonstrative embodiments, as shown in FIG.
2A, the tz FoV may be a continuous transition of the cz FoV,
e.g., for the straight gazing eye.

In some demonstrative embodiments, as shown in FIG.
2A, the continuous straight gaze FoV 211 may not include
an xcz FoV, denoted xcz, an xtz FoV, denoted xtz, and/or an
xftz FoV, denoted xftz.

In some demonstrative embodiments, as shown in FIG.
2A, the xcz FoV, the xtz FoV, and/or the xftz FoV may not
be seen by the straight gazing eye.

In some demonstrative embodiments, the xcz FoV may be
utilized for the nasal gaze, e.g., as described below.

In some demonstrative embodiments, the xtz FoV may be
utilized for the peripheral gaze, as described below.

In some demonstrative embodiments, as shown in FIG.
2A, the xftz FoV may be utilized for the peripheral gaze,
e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
2B, HMD 202 may be configured to provide a continuous
nasal gaze FoV 221 to the pupil 252 at the nasal gaze, e.g.,
as described below.

In some demonstrative embodiments, as shown in FIG.
2B, the continuous nasal gaze FoV 221 may include light of
the cz portion of the first image directed by the cz lens
portion 222 toward the pupil 252 at the nasal gaze, light of
an xcz portion of the first image directed by the xcz lens
portion 224 toward the pupil 252 at the nasal gaze, and/or
light of the tz portion of the second image directed by the tz
lens portion 242 toward the pupil 252 at the nasal gaze.

In some demonstrative embodiments, as shown in FIGS.
2A-2C, the central lens 220 may include a side-cut 223,
which may be configured to direct light from an edge area
of central display 210 towards the pupil, e.g., as described
below.

In some demonstrative embodiments, as shown in FIG.
2B, side-cut 223 may be configured to direct light from an
edge of central display 210, e.g., an edge of xcz display area
214, towards the pupil 252 at the nasal gaze.

In some demonstrative embodiments, as shown in FIG.
2B, for the nasal gaze, the central right-eye FoV may include
an object “black triangle”, e.g., near a boundary of the xcz
display area 214, e.g., a distal edge of the xcz display area
214, which is opposite to the boundary area between xcz
display area 214 and cz display area 212.

In some demonstrative embodiments, as shown in FIG.
2B, for the nasal gaze, the right temporal FoV may also
include the same object “black triangle”, e.g., near a bound-
ary of the tz display area 232.

In some demonstrative embodiments, as shown in FIG.
2B, the black triangle objects may generate chief rays 225
and 228, which may be refracted by corresponding lens
portions. For example, chief ray 225 may be refracted by the
side-cut 223 of xcz lens portion 224, and/or chief ray 228
may be refracted by tz lens portion 242.

In some demonstrative embodiments, as shown in FIG.
2B, the side-cut 223 may be configured such that chief rays
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225 and 228 may be collimated to form a single chief ray
227, and may be focused by the eye toward a same point 229
on the retina of the eye. Therefore, the black triangle objects
may be perceived as a single object by the eye/brain.

In some demonstrative embodiments, as shown in FIG.
2B, rays from peripheral display 230 in the portion above the
“black triangle” may not reach the pupil 252, and therefore,
the portion above the “black triangle” may be invisible to the
user.

In some demonstrative embodiments, as shown in FIG.
2B, to preserve a continuous FoV at the nasal gaze, the
central display 220 may include the xcz display area 214 to
cover the “black triangle” point, for example, to support
viewing of the black triangle at the nasal gaze.

In some demonstrative embodiments, as shown in FIG.
2B, once the eye rotates towards the nasal zone, the xcz FoV
may be seen, and collimated rays coming from the xcz FoV
may hit the pupil 252, to produce an image on the mid-
peripheral zone of the retina, e.g., dependent on an eye
rotation amplitude. Therefore, a continuous panoramic
image may be sustained at the nasal gaze.

In some demonstrative embodiments, as shown in FIG.
2C, HMD 202 may be configured to provide a continuous
temporal gaze FoV 231 to the pupil 252 at the temporal gaze,
e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
2C, the continuous temporal gaze FoV 231 may include light
of the cz portion of the first image directed by the cz lens
portion 222 toward the pupil 252 at the temporal gaze, light
of the xtz portion of the second image directed by the xtz
lens portion 244 toward the pupil 252 at the temporal gaze,
and light of the tz portion of the second image directed by
the tz lens portion 242 toward the pupil 252 at the temporal
gaze.

In some demonstrative embodiments, as shown in FIGS.
2A-2C, the peripheral lens 240 may include a side-cut 245,
which may be configured to direct light from an edge area
of peripheral display 230 towards the pupil, e.g., as
described below.

In some demonstrative embodiments, as shown in FIG.
2C, side-cut 245 may be configured to direct light from an
edge of peripheral display 230, e.g., an edge of xtz display
area 234, towards the pupil 252 at the temporal gaze.

In some demonstrative embodiments, as shown in FIG.
2C, for the peripheral gaze, the central right-eye FoV may
include an object “black moon”, e.g., near a boundary of the
cz display area 212.

In some demonstrative embodiments, as shown in FIG.
2C, for the peripheral gaze, the temporal right-eye FoV may
also include the same object “black moon”, e.g., near a
boundary of the xtz display area 234, e.g., a distal edge of
the xtz display area 234 which is opposite to the boundary
area between xtz display area 234 and tz display area 232.

In some demonstrative embodiments, as shown in FIG.
2C, the black moon objects may generate chief rays 235 and
238, which may be refracted by corresponding lens portions.
For example, chief ray 235 may be refracted by cz lens
portion 224, and/or chief ray 238 may be refracted by the
side cut 245 of xtz lens portion 244.

In some demonstrative embodiments, as shown in FIG.
2C, the side-cut 245 may be configured such that chief rays
235 and 238 may be collimated to form a single chief ray
237, which may be focused by the eye toward a same point
239 on the retina of the eye. Therefore, the black moon
objects may be perceived as a single object by the eye/brain.

In some demonstrative embodiments, as shown in FIG.
2C, rays from central display 210 in a portion, which is right
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from the “black moon”, may not reach the pupil 252, and
therefore, this portion of central display 210 may be invis-
ible to the user.

In some demonstrative embodiments, as shown in FIG.
2C, to preserve a continuous FoV at the peripheral gaze, the
peripheral display 230 may include the xtz display area 234,
which may cover the black moon point, e.g., at least until the
point of the black star object, for example, to support
viewing of the black moon at the peripheral gaze.

In some demonstrative embodiments, as shown in FIG.
2C, the xtz FoV may overlap with the cz FoV, for example,
to provide a continuous FoV at the temporal gaze.

In one example, once the eye is rotated towards the
temporal gaze, a boundary area of the cz FoV may not be
seen, and collimated rays coming from the xtz FoV may hit
the pupil 252, to produce an image on the central/near/mid-
peripheral zone of the retina, e.g., dependent on an eye
rotation amplitude. Therefore, a continuous panoramic
image may be sustained at the peripheral gaze, e.g., as
described below.

In some demonstrative embodiments, as shown in FIG.
2C, the xftz FoV may provide a horizontal FoV of up to the
maximal far-peripheral gaze, which may be around 105°, or
any other angle.

In one example, once the eye is rotated towards the
temporal gaze, a far-peripheral viewing zone may be
extended towards the xftz FoV, for example, based on an eye
rotation amplitude. For example, in order to provide virtual
content in the far-peripheral zone, the xftz FoV may be used
to avoid “black zones”, for example, at an additional 30° or
more of the eye rotation towards the temporal side.

In some demonstrative embodiments, HMD 202 may be
configured to provide a wide FoV for viewing images from
central display 210, e.g., as described below.

In one example, HMD 202 may be configured to provide
a temporal FoV of up to at least 35°, or any other angle, for
a straight gazing eye, e.g., for perceiving images from
central display 210, e.g., as described below.

In another example, HMD 202 may be configured to
provide a temporal FoV of at up to least 35°-40°, or any
other angle, for an eye maximal rotation to the nasal
direction, e.g., for perceiving images from central display
210, e.g., as described below.

In another example, HMD 202 may be configured to
provide a temporal FoV of up to at least 30°, or any other
angle, for eye maximal rotation to the temporal direction,
e.g., for perceiving images from central display 210, e.g., as
described below.

In some demonstrative embodiments, HMD 202 may be
configured to provide a wide FoV for images from periph-
eral display 230, e.g., as described below.

In one example, HMD 202 may be configured to provide
a horizontal FoV, which may be displaced, e.g., by at most
30° or any other angle, from a straight gaze axis to a
temporal side, for example, such that an eye maximally
rotated to the temporal side may perceive images from
peripheral display 230, and/or such that at least a 5° tem-
poral gaze overlap may be created, e.g., as described below.

In some demonstrative embodiments, HMD 202 may be
configured to provide a temporal FoV, which may be
stretched by peripheral display 230, for example, by at least
an additional 80°, or any other angle, into the temporal side,
e.g., up to a total of at least 110°, or any other angle. For
example, stretched temporal FoV may include a nasal gaze
overlap, which may be displaced by an angle in a range of
at least 35° to 40°, or any other angle, e.g., as described
below.
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In other embodiments, HMD 202 may be configured to
provide any other wider or narrower FOV.

Referring back to FIG. 1, in some demonstrative embodi-
ments, one or more parts of central lens 120 may be
configured to direct light to a center 156 of eye rotation
corresponding to the pupil 152, and/or one or more other
parts of central lens 120 may be configured to direct light to
one or more other points on the pupil 152, e.g., as described
below.

In some demonstrative embodiments, a first part of the cz
lens portion 122 may be configured to direct light beams
from the xcz display area 124, and from a first part of the cz
display area 122 to the center of the eye rotation correspond-
ing to the pupil 152, e.g., as described below.

In some demonstrative embodiments, a second part of the
cz lens portion 122 may be configured to direct light beams
from a second part of the cz display area 122 to a point
defined, for example, based on a position of the pupil 152 at
the straight gaze angle, e.g., as described below.

In some demonstrative embodiments, the xcz lens portion
124 may be configured to direct light beams from the xcz
display area 124 to a point defined, for example, based on a
position of the pupil 152 at the nasal gaze angle, e.g., as
described below.

In some demonstrative embodiments, the first part of the
cz lens portion 122 may be between the xcz lens portion 124
and the second part of the cz lens portion 122, e.g., as
described below.

In some demonstrative embodiments, one or more parts of
peripheral lens 140 may be configured to direct light to the
center of the eye rotation corresponding to the pupil 152,
and/or one or more other parts of peripheral lens 140 may be
configured to direct light to one or more other points on the
pupil 152, e.g., as described below.

In some demonstrative embodiments, the tz lens portion
142 may be configured to direct light beams from the tz
display area 132 to a point defined, for example, based on a
position of the pupil 152 at the straight gaze angle, e.g., as
described below.

In some demonstrative embodiments, the xtz lens portion
144 may be configured to direct light beams from the xtz
display area 134 to the center of the eye rotation correspond-
ing to the pupil 152, e.g., as described below.

In some demonstrative embodiments, the xftz lens portion
146 may be configured to direct light beams from the xftz
display area 136 to a point defined, for example, based on a
position of the pupil 152 at the temporal gaze angle, e.g., as
described below.

In some demonstrative embodiments, a top part and/or a
bottom part of the central lens 120 may be configured to
direct light beams from the cz display area 122 to a point
defined, for example, based on a position of the pupil 152 at
the straight gaze angle, e.g., as described below.

In some demonstrative embodiments, a middle part of the
central lens 120, which is between the top part and the
bottom part of the central lens 120, may be configured to
direct light beams from the cz display area 122 to the center
of the eye rotation corresponding to the pupil 152, e.g., as
described below.

In other embodiments, one or more, e.g., some or all,
portions of the lens 120 and/or the lens 140 may be config-
ured according to any other optical setting.

Reference is made to FIGS. 3A-3C, which schematically
illustrate a top view of an HMD 302, and to FIG. 3D which
schematically illustrates a side view of a central display 310
and a central lens 320 of HMD 302, in accordance with some
demonstrative embodiments. For example, HMD 102 (FIG.
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1) may include one or more elements of HMD 302, and/or
may perform one or more operations of, and/or one or more
functionalities of, HMD 302.

In some demonstrative embodiments, as shown in FIGS.
3A-3C, HMD 302 may include a peripheral display 330,
and/or a peripheral lens 340, e.g., as described below.

In one example, central lens 320 may be formed, for
example, by at least one refractive lens having at least one
freeform surface, and/or peripheral lens 320 may be formed,
for example, by at least one refractive lens with at least one
freeform surface.

In another example, central lens 320 and/or peripheral
lens 320 may be formed by any other type of lens, e.g., with
a diffractive surface.

In some demonstrative embodiments, as shown in FIG.
3A, a first part 372 of central lens 320, e.g., at the cz lens
portion 122 (FIG. 1), may be configured to direct light
beams from a first part 312 of central display 310, e.g., of the
cz display area 112 (FIG. 1), to a center 356 of eye rotation
corresponding to the pupil 352.

In one example, first part 372 may provide central vision
optimization, for example, for a rotation, of the pupil 352 to
temporal gaze angles and/or to nasal gaze angles.

In some demonstrative embodiments, as shown in FIG.
3A, a second part 374 of central lens 320, e.g., at the ¢z lens
portion 122 (FIG. 1), may be configured to direct light
beams from a second part 314 of central display 310, e.g., at
the cz display area 112 (FIG. 1), to a point 351, which may
be defined based on a position of the pupil 352 at the straight
gaze angle, for example, for nasal-peripheral vision optimi-
zation of a straight gaze of the pupil 352.

In some demonstrative embodiments, as shown in FIG. B,
an xcz lens portion 376 may be configured to direct light
beams from an xcz display area 316 to a point 353, which
may be defined, for example, based on a position of the pupil
352 at the nasal gaze angle, for example, for temporal-
peripheral vision optimization of a rotation of the pupil 352
to nasal gaze angels.

In some demonstrative embodiments, as shown in FIG.
3 A, the first part 372 of central lens 320 may be between the
xcz lens portion 376 and the second part 374 of central lens
320, e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
3A, a tz lens portion 342 of peripheral lens 340 may be
configured to direct light beams from a tz display area 332
to the point 351, which may be defined, for example, based
on the position of the pupil 352 at the straight gaze angle.

In one example, tz lens portion 342 may provide tempo-
ral-peripheral vision optimization, for example, at the
straight gaze.

In some demonstrative embodiments, as shown in FIG.
3C, an xtz lens portion 344 of peripheral lens 340 may be
configured to direct light beams from an xtz display area 334
to the center 356 of the eye rotation corresponding to the
pupil 352, for example, for vision optimization of central
vision at a rotation, e.g., a maximal rotation, of the pupil 352
to the temporal gaze angle.

In some demonstrative embodiments, as shown in FIG.
3C, an xftz lens portion 346 of peripheral lens 340 may be
configured to direct light beams from an xftz display area
336 to a point 357, which may be defined, for example,
based on a position of the pupil 352 at the temporal gaze
angle, for example, for vision optimization of temporal FoV
at a rotation, e.g., a maximal rotation, of the pupil 352 to the
temporal gaze angle.

In some demonstrative embodiments, as shown in FIG.
3D, a top part 362 and/or a bottom part 364 of the central
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lens 320 may be configured to direct light beams from the cz
display area 312 to the point 357, which may be defined, for
example, based on a position of the pupil 352 at the straight
gaze angle.

In one example, top part 362 and/or bottom part 364 may
provide top and/or bottom-peripheral vision optimization,
for example, at the straight gaze, for example, at the bottom
and/or top portions of central lens 320.

In some demonstrative embodiments, as shown in FIG.
3D, a middle part 366 of the central lens 320, which may be
between the top part 362 and the bottom part 364 of the
central lens 320, may be configured to direct light beams
from the cz display area 312 to the center 356 of the eye
rotation corresponding to the pupil 352.

In one example, middle part 366 may provide central
vision optimization, for example, for rotations of the pupil
352, to the upper gaze and/or the bottom gaze.

In some demonstrative embodiments, a refraction of cen-
tral lens 320 may be configured, for example, according to
a merit function defining a plurality of weights, for example,
corresponding to a plurality of fields of central display 310,
e.g., as described below.

In some demonstrative embodiments. the refraction of
central lens 320 may be configured, for example, according
to a maximal merit function weight for central fields at
rotational gazes, e.g., up to a maximal design choice range,
for example, of nasal, temporal, top, and/or bottom angle
rotations of pupil 352, such that light may be directed
towards center 356 of eye rotation.

In some demonstrative embodiments. the refraction of
central lens 320 may be configured, for example, according
to a reduced merit function weight for peripheral fields, at
straight gazes for nasal, temporal, top, and/or bottom periph-
eral FoVs, such that light may be directed towards pupil 352
at a straight gazing eye.

In some demonstrative embodiments, central lens 320
may be configured, for example, to provide refraction
according to a minimal merit function weight for temporal
FoV 376, for example, such that light may be directed
towards pupil 352 at a nasal gazing eye.

In some demonstrative embodiments, a refraction of
peripheral lens 340 may be configured, for example, accord-
ing to a merit function defining a plurality of weights, for
example, corresponding to a plurality of fields of peripheral
display 330, e.g., as described below.

In some demonstrative embodiments, as shown in FIGS.
3A-3C, the refraction of peripheral lens 340 may be con-
figured, for example, according to a maximal merit function
weight, for example, for fields 344 starting at a least tem-
poral angle and spreading up to an end of overlap of fields
with central lens 320, for example, according to a temporally
gazing eye under maximal angle of design choice, for
example, such that rays may be aimed towards the pupil 352
at the temporal rotated eye.

In some demonstrative embodiments, as shown in FIGS.
3A-3C, the refraction of peripheral lens 340 may be con-
figured, for example, according to a reduced merit function
weight, for example, for peripheral fields 342 of peripheral
lens 340 that are less than a temporal angle of 105°, for
example, such that rays may be aimed toward pupil 352 at
the straight gaze, e.g., and up to a temporal gaze angle of
105.

In some demonstrative embodiments, as shown in FIGS.
3A-3C, the refraction of peripheral lens 340 may be con-
figured, for example, according to a minimal merit function
weight, for example, for fields 346 of peripheral lens 340
greater than a temporal angle of 105°, for example, such that
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rays may be aimed toward pupil 352 at the temporal rotated
eye gaze according to an angle of maximal temporal rotation
design choice.

Referring back to FIG. 1, in some demonstrative embodi-
ments, an edge 121 of the central lens 120 may be in direct
contact with an edge 141 of the peripheral lens 140, e.g., as
described below.

In other demonstrative embodiments, the edge 121 of the
central lens 120 may not be in contact with edge 141 of the
peripheral lens 140, e.g., as described below.

In some demonstrative embodiments, the central lens 120
may be separated from the peripheral lens 140 by a distance
of at least 1 mm, e.g., as described below.

In some demonstrative embodiments, the central lens 120
may be separated from the peripheral lens 140 by a distance
of at least 1 mm, for example, in a plane connecting optical
axes of the central lens 120 and the peripheral lens 140, e.g.,
as described below.

In some demonstrative embodiments, the central lens 120
may be separated from the peripheral lens 140 by a distance
of at least 2 mm, e.g., as described below.

In some demonstrative embodiments, the central lens 120
may be separated from the peripheral lens 140 by a distance
of at least 4 mm, e.g., as described below.

In other embodiments, the central lens 120 may be
separated from the peripheral lens 140 by any other distance,
e.g., as described below.

Reference is made to FIG. 4A, which schematically
illustrates a first HMD configuration 402 viewed at a straight
gaze of a pupil 452, to FIG. 4B which schematically
illustrates a second HMD configuration 404 viewed at a
straight gaze of pupil 452, and to FIG. 4C which schemati-
cally illustrates the second HMD configuration 404 viewed
at a temporal gaze of pupil 452, in accordance with some
demonstrative embodiments. For example, HMD 102 (FIG.
1) may include one or more elements of HMD configuration
402, and/or may perform one or more operations of, and/or
one or more functionalities of, HMD configuration 402;
and/or HMD 102 (FIG. 1) may include one or more elements
of HMD configuration 404, and/or may perform one or more
operations of, and/or one or more functionalities of, HMD
configuration 404.

In some demonstrative embodiments, as shown in FIG.
4A, an edge 421 of a central lens 420 of HMD 402 may be
in direct contact with an edge 441 of a peripheral lens 440
of HMD 402.

In some demonstrative embodiments, as shown in FIG.
4B and FIG. 4C, an edge 431 of a central lens 430 of HMD
404 may not be in direct contact with an edge 451 of a
peripheral lens 450 of HMD 404, e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
4B and FIG. 4C, the central lens 430 may be separated from
the peripheral lens 450 by a distance 432.

In some demonstrative embodiments, the central lens 430
may be separated from the peripheral lens 450, for example,
in a plane connecting optical axes of the central lens 430 and
the peripheral lens 450, e.g., as described below.

In some demonstrative embodiments, the distance 432
may be at least 1 mm. In other embodiments, the distance
432 may include any other distance.

In some demonstrative embodiments, as shown in FIG.
4B, HMD 404 may provide a continuous FoV, for example,
at the straight gaze, for example, even when the central lens
430 is separated from the peripheral lens 450, e.g., as
described below.

In some demonstrative embodiments, as shown in FIG.
4B, a temporal FoV and a central FoV may direct light from
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a same point 455 of the image scene, e.g., the black star, and
rays directed from point 455 at the central lens 430 and at the
peripheral lens 450 may be collimated to form a single chief
ray 435, which may be focused by the eye toward a same
point on the retina of the eye. Therefore, the objects at point
455, e.g., the black stars, may be perceived as a single object
by the eye/brain.

In some demonstrative embodiments, as shown in FIG.
4C, HMD 404 may provide a continuous FoV, for example,
at the peripheral gaze, for example, even when the central
lens 430 is separated from the peripheral lens 450, e.g., as
described below.

In some demonstrative embodiments, as shown in FIG.
4C, a temporal FoV and a central FoV may cover a same
point 457, e.g., the black moon, and rays directed from point
457 at the central lens 430 and at the peripheral lens 450 may
be collimated to form a single chief ray 437, which may be
focused by the eye toward a same point on the retina of the
eye. Therefore, the objects at point 457, e.g., the black
moons, may be perceived as a single object by the eye/brain.

In some demonstrative embodiments, as shown in FIG.
4B and in FIG. 4C, the rays from overlapping objects, e.g.,
the black moon and/or the black triangle, may be joined at
a virtual joint point, which may sustain the continuous FoV.
This may be compared to HMD 402, which includes a
physical joint point, e.g., the direct contact between edges
441 and 421.

In some demonstrative embodiments, using the virtual
joint point, e.g., when the central lens 430 and the peripheral
lens 450 are separated, may support a curved back surface
of'the central lens 430 and/or the peripheral lens 450, and/or
may support adjusting of a tilt angle 438 between the central
lens 430 and the peripheral lens 450, for example, when the
central lens 430 and/or the peripheral lens 450 are curved.

In some demonstrative embodiments, using the virtual
joint point, e.g., when the central lens 430 and the peripheral
lens 450 are separated, may support moving of the periph-
eral lens 450, e.g., in a temporal direction, by distance 432,
for example, to allow temples of eye glasses to mechanically
fit inside HMD device 404, for example, when the user of
the HMD device wears eyeglasses.

In some demonstrative embodiments, content on periph-
eral display 430 may be adjusted, for example, to maintain
proportions of object dimensions, and/or to maintain overlap
points 455 and/or 457, for example, based on an increase in
a distance between the eye and peripheral display 430.

Referring back to FIG. 1, in some demonstrative embodi-
ments, HMD device 100 may include a controller 150
configured to cause the central display 110 to display the first
image, for example, based on image information of the
image scene, and/or to cause the peripheral display 130 to
display the second image, for example, based on the image
information of the image scene, e.g., as described below.

In one example, at least part of the functionality of
controller 150 may be implemented by an integrated circuit,
for example, a chip, e.g., a System on Chip (SoC). In some
demonstrative embodiments, controller 150 may include, or
may be implemented, partially or entirely, by circuitry
and/or logic, e.g., one or more processors including circuitry
and/or logic, and/or memory circuitry and/or logic. Addi-
tionally or alternatively, one or more functionalities of
controller 150 may be implemented by logic, which may be
executed by a machine and/or one or more processors, e.g.,
as described below.

In other embodiments, controller 150 may be imple-
mented by any other logic and/or circuitry, and/or according
to any other architecture.
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In one example, controller 150 may include at least one
memory 158, e.g., coupled to the one or more processors,
which may be configured, for example, to store, e.g., at least
temporarily, at least some of the information processed by
the one or more processors and/or circuitry, and/or which
may be configured to store logic to be utilized by the
processors and/or circuitry.

In one example, controller 150 may be based on any
computer architecture, which may support rendering graphi-
cal information to be displayed by central display 110 and/or
peripheral display 130.

In some demonstrative embodiments, HMD device 100
may include a tilt angle adjuster 155 configured to adjust the
tilt angle 127 of the peripheral lens 140 relative to the central
lens 120, e.g., as described below.

In some demonstrative embodiments, tilt angle adjuster
155 may be configured to adjust, e.g., commonly adjust with
tilt angle 127, a tilt angle of the peripheral lens 175 relative
to the central lens 165, e.g., as described below.

In other embodiments, HMD device 100 may include a
first tilt angle adjuster configured to adjust the tilt angle 127
of'the peripheral lens 140 relative to the central lens 120, and
a second tilt angle adjuster configured to adjust the tilt angle
of the peripheral lens 175 relative to the central lens 165.

In some demonstrative embodiments, tilt angle adjuster
150 may include a mechanical tilt adjuster, an electrome-
chanical tilt adjuster, and/or any other type of tilt angle
adjuster.

In some demonstrative embodiments, a user of HMD
device 100 may utilize tilt angle adjuster 155 to adjust the tilt
angle 127.

In some demonstrative embodiments, controller 150 may
be configured to control tilt angle adjuster 155 to adjust the
tilt angle 127.

In some demonstrative embodiments, tilt angle 127 may
be adjusted, for example, according to an Eye Relief (ER)
setting of the eye of the user, e.g., as described below.

In some demonstrative embodiments, the eye relief set-
ting may define a distance between the pupil 152 of the eye
of'the user and the central lens 120, e.g., as described below.

In one example, the user of HMD device 100 may control
tilt angle adjuster 155 to adjust the tilt angle 127, for
example, based on the eye relief setting.

In another example, HMD device 100 may be manufac-
tured to include a preconfigured or adjustable setting of tilt
angle 127, for example, according to a predefined eye-relief
setting. For example, a plurality of types or sizes of HMD
device 100 may be manufactured with different tilt angles
corresponding to a plurality of different eye-relief settings.

In some demonstrative embodiments, controller 150 may
be configured to control tilt angle adjuster 155 to adjust the
tilt angle 127, for example, based on the eye relief setting,
e.g., as described below.

In some demonstrative embodiments, HMD device 100
may include an ER estimator, configured to estimate the eye
relief setting, and to provide the eye relief setting to con-
troller 150.

Reference is made to FIG. 5, which schematically illus-
trates a first HMD configuration 503, a second HMD con-
figuration 505, and a third HMD configuration 507, in
accordance with some demonstrative embodiments. For
example, HMD 102 (FIG. 1) may include one or more
elements of HMD configurations 503, 505 and/or 507,
and/or may perform one or more operations of, and/or one
or more functionalities of, HMD 503, 505 and/or 507.

In some demonstrative embodiments, as shown in FIG. 5,
HMD configurations 503, 505 and/or 507 may include a

10

15

20

25

30

35

40

45

50

55

60

65

22

central display 510, a central lens 520, a peripheral display
530, and a peripheral lens 540, e.g., as described below.

In some demonstrative embodiments, as shown in FIG. 5,
an eye-relief setting 504 may correspond to a distance 506
between a cornea 580 of an eye of a user and central lens
520.

In some demonstrative embodiments, as shown in FIG. 5,
first configuration 503 may have a first tilt angle 513 of
peripheral lens 540 relative to central lens 520.

In some demonstrative embodiments, as shown in FIG. 5,
tilt angle 513 may correspond to a first eye-relief setting
corresponding to a first distance 514, e.g., the distance 506,
between central lens 520 and cornea 580.

In one example, the first eye-relief setting and tilt angle
513 may be configured for a predefined ER setting. For
example, the predefined ER setting may be predetermined,
for example, based on an ER measurement function.

In some demonstrative embodiments, as shown in FIG. 5,
tilt angle 513 may be configured to provide a continuous
FoV for the first eye-relief setting. For example, a light beam
originated by the black star from central FoV 522, and a light
beam originated by the black star from temporal FoV 524
may coincide at an overlapped point.

In some demonstrative embodiments, as shown in FIG. 5,
second configuration 505 may have a second tilt angle 515
of peripheral lens 540 relative to central lens 520.

In some demonstrative embodiments, as shown in FIG. 5,
tilt angle 515 may correspond to a second eye-relief setting
corresponding to a second distance 516 between central lens
520 and cornea 580.

In one example, the second eye-relief setting and tilt angle
515 may correspond to a minimal distance, e.g., distance
516, between central lens 520 and the cornea 580, and a
minimal tilt angle of peripheral lens 540 relative to central
lens 520, respectively.

In one example, nasal and temporal overlap zones may be
adjusted correspondingly, for example, such that the tem-
poral overlap field may be shifted up, e.g., towards the
central zone.

In some demonstrative embodiments, as shown in FIG. 5,
tilt angle 515 may be configured to provide a continuous
FoV for eye-relief setting 516. For example, the light beam
originated by the black triangle from central FoV 522 and
the light beam originated by the black triangle from tempo-
ral FoV 524 may both coincide at an overlapped point.

In some demonstrative embodiments, as shown in FIG. 5,
third configuration 507 may have a third tilt angle 517 of
peripheral lens 540 relative to central lens 520.

In some demonstrative embodiments, as shown in FIG. 5,
tilt angle 517 may correspond to a third eye-relief setting
corresponding to a third distance 518 between central lens
520 and a cornea 580.

In one example, the third eye-relief setting and tilt angle
517 may correspond to a maximal distance, e.g., distance
518, between central lens 520 and the pupil 552, and a
maximal tilt angle of peripheral lens 540 relative to central
lens 520, respectively.

In one example, the maximal distance may provide an
improved user experience, for example, for a user wearing
eyeglasses.

In another example, the nasal and temporal overlap zones
may be adjusted correspondingly, for example, such that the
temporal overlap field may be shifted down, e.g., towards
the temporal zone.

In some demonstrative embodiments, as shown in FIG. 5,
tilt angle 517 may be configured to provide a continuous
FoV for eye-relief setting 518. For example, the light beam
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originated by the black moon from central FoV 522 and the
light beam originated by the black moon from temporal FoV
524 may both coincide at an overlapped point.

In one example, adjusting tilt angle 513 based on the ER
setting 504 may support maintaining a continuous FoV. For
example, when the distance 506 is out of a working ER
range, the temporal FoV 524 may deteriorate, and/or parts of
the temporal FoV may be unseen or deteriorated.

In one example, ER setting for an HMD, e.g., HMD
device 100 (FIG. 1), may be different for different users, for
example, as there may be diversity in anatomies of a human
face. According to this example, controller 150 (FIG. 1)
and/or tilt angle adjuster 155 (FIG. 1) may allow the user to
adjust the ER setting to an optimal distance, for example,
based on mechanics and/or image processing techniques.

Referring back to FIG. 1, in some demonstrative embodi-
ments, controller 150 may be configured to dynamically
adjust the tilt angle 127 of the peripheral lens 140 relative to
the central lens 120, for example, based on the gaze angle of
the pupil 152, e.g., as described below.

In some demonstrative embodiments, controller 150 may
be configured to monitor a gaze angle of the pupil 152, e.g.,
as described below.

In one example, HMD device 100 may include a gaze
tracker configured to track the gaze angle of the pupil 152.
For example, the gaze tracker 159 may include a camera,
and/or any other gaze tracking mechanism.

In another example, the gaze angle of the pupil 152 may
be predicted and/or assumed, for example, based on the
image scene. For example, if the image scene includes an
explosion to be displayed on the peripheral display 130, a
temporal gaze towards the explosion may be expected.

In some demonstrative embodiments, controller 150 may
be configured to identify a tilt setting of the tilt angle 127 of
the peripheral lens 140 relative to the central lens 120, e.g.,
as described below.

In some demonstrative embodiments, controller 150 may
be configured to determine a portion of the image scene to
be displayed by the peripheral display 130, for example,
based on the tilt setting, e.g., as described below.

Reference is made to FIG. 6A, which schematically
illustrates an HMD configuration 602 viewed at a straight
gaze of a pupil 652, and to FIG. 6B which schematically
illustrates the HMD configuration 602 viewed at a temporal
gaze of the pupil 652, in accordance with some demonstra-
tive embodiments. For example, HMD 102 (FIG. 1) may
include one or more elements of HMD configuration 602,
and/or may perform one or more operations of, and/or one
or more functionalities of, HMD configuration 602.

In some demonstrative embodiments, as shown in FIGS.
6A and 6B, there may be a first tilt angle 627 of a peripheral
lens 640 relative to a central lens 620 of HMD 602, for
example, when pupil 652 is at the straight gaze. The first tilt
angle 627 may be different from a second tilt angle 637 of
the peripheral lens 640 relative to the central lens 620 of
HMD 602, for example, when pupil 652 is at the temporal
gaze.

In some demonstrative embodiments, as shown in FIG.
6B, the tilt angle 637 may be configured to maintain a
continuous FoV at the temporal gaze of the pupil 652.

In some demonstrative embodiments, as shown in FIG.
6B, the tilt angle 637 may be configured to maintain a
continuous FoV at the temporal gaze, for example, such that
there may be an overlap, e.g., at an overlap point 645, e.g.,
including the black moon, between the central display 610
and the peripheral display 630.
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In one example, tilt angle 637 may be adjusted for optimal
refraction of rays aiming eye pupil 652 and reaching a
macular zone of a retina, for example, at the temporal eye
gaze.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to determine a portion of the
image scene to be displayed by the peripheral display 630,
for example, based on the tilt setting of the tilt angle 637,
e.g., as described below.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to distribute content of the image
scene on central display 610 and peripheral display, for
example, to maintain a continuous image, for example,
based on the adjustment of tilt angle 637.

In one example, when pupil 652 has a strong rotation to
the peripheral display 630, the tilt angle 627 may be
adjusted, e.g., dynamically adjusted, for example, together
with content distribution, e.g., shifting down the content, on
peripheral display 630, for example, such that a first chief
ray, e.g., from the black moon on central display 610 as
refracted via central lens 620, may be collinear with a
second chief ray, e.g., from the black moon on the peripheral
display 630 as refracted via peripheral lens 640. For
example, this collinearity of the first and second chief rays
may provide an optimal refraction through peripheral lens
640 toward the pupil, which may sustain a high Visual
Acuity (VA) of the peripheral display 630 at the temporal
gaze.

Referring back to FIG. 1, in some demonstrative embodi-
ments, controller 150 may be configured to apply one or
more pre-distortions to the image scene to be displayed by
the central display 110 and/or the peripheral display 130,
e.g., as described below.

In some demonstrative embodiments, controller 150 may
be configured to apply a trapezoidal pre-distortion to a
portion of the image scene to be displayed by the central
display 110, and/or to apply a trapezoidal pre-distortion to a
portion of the image scene to be displayed by the peripheral
display 130, e.g., as described below.

In some demonstrative embodiments, controller 150 may
configure a pre-distortion to be applied to a portion of the
image scene to be displayed by the central display 110, for
example, based on the eye-relief setting, the tilt angle of the
HMD device 100, and/or an interpupillary distance (IPD) of
the user, e.g., as described below.

In some demonstrative embodiments, controller 150 may
configure a pre-distortion to be applied to a portion of the
image scene to be displayed by the peripheral display 130,
for example, based on the eye-relief setting, the tilt angle of
the HMD device 100, and/or the IPD of the user, e.g., as
described below.

In some demonstrative embodiments, controller 150 may
be configured to apply one or more pre-distortions to the
image scene to be displayed by the central display 110
and/or the peripheral display 130, for example, based on
identification of a gaze direction of the pupil 152, e.g., as
described below.

In one example, controller 150 may identify the gaze
direction, for example, based on an input from the gaze
identifier 159, a prediction, and/or any other method, e.g., as
described above.

In some demonstrative embodiments, controller 150 may
be configured to, based on identification of the temporal
gaze of the pupil 152, generate the first image by applying
a trapezoidal pre-distortion to a portion of the image scene,
e.g., to one or more objects, to be displayed by the central
display 110, e.g., as described below.
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In other embodiments, controller 150 may be configured
to apply any other additional or alternative pre-distortion to
the portion of the image scene to be displayed by the central
display 110. For example, controller 150 may be configured
to apply barrel, pincushion, mixed, and/or chromatic pre-
aberration distortions to the portion of the image scene to be
displayed by the central display 110

In some demonstrative embodiments, controller 150 may
be configured to, based on identification of the straight gaze
of the pupil 152, generate the second image by applying a
first trapezoidal pre-distortion to a portion of the image
scene to be displayed by the peripheral display 130, e.g., as
described below.

In some demonstrative embodiments, controller 150 may
be configured to, based on identification of a non-straight
gaze of the pupil 152, generate the second image, for
example, by applying a second trapezoidal pre-distortion to
the portion of the image scene to be displayed by the
peripheral display 130, e.g., as described below.

In some demonstrative embodiments, the second trapezoi-
dal pre-distortion may be different from the first trapezoidal
pre-distortion, e.g., as described below.

In some demonstrative embodiments, controller 150 may
be configured to determine the second trapezoidal pre-
distortion to be less than the first trapezoidal pre-distortion,
for example, based on identification of the temporal gaze of
the pupil 152, e.g., as described below.

In some demonstrative embodiments, controller 150 may
be configured to determine the second trapezoidal pre-
distortion to be greater than the first trapezoidal pre-distor-
tion, for example, based on identification of the nasal gaze
of the pupil 152, e.g., as described below.

In other embodiments, controller 150 may be configured
to apply any other additional or alternative pre-distortion to
the portion of the image scene to be displayed by the
peripheral display 130. For example, controller 150 may be
configured to apply barrel, pincushion, mixed, and/or chro-
matic pre-aberration distortions to the portion of the image
scene to be displayed by the peripheral display 130.

Reference is made to FIG. 7, which schematically illus-
trates a pre-distortion scheme 700 to distort an image scene
701 to be displayed by an HMD 702. For example, HMD
102 (FIG. 1) may include one or more elements of HMD
702, and/or may perform one or more operations of, and/or
one or more functionalities of, HMD 702.

In some demonstrative embodiments, as shown in FIG. 7,
HMD 702 may include a central display 710, a central lens
720, a peripheral display 730, and a peripheral lens 740, e.g.,
as described below.

In some demonstrative embodiments, as shown in FIG. 7,
image scene 701 may be displayed to a right eye and a left
eye of a user, for example, to cover a continuous FoV of 270
degrees, e.g., 135° for the left eye from a Center of Scene
(CoS) to a maximal temporal gaze for the left eye, and 135°
for right eye from the CoS to a maximal temporal gaze for
the right eye.

In one example, image scene 701 may include a stereo-
scopic image scene.

In another example, image scene 701 may include a three
dimensional (3D) image scene, for example, generated from
different perspectives for left and right eyes.

In another example, image scene 701 may be extracted
from a 360-degree image scene, e.g., based on 360-degree
visual information. For example, the image scene 701 may
be based on head orientation and/or spatial location, e.g.,
using any suitable Inertial Motion Unit (IMU) and/or Inside-
Out or Outside-In tracking.
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In some demonstrative embodiments, as shown in FIG. 7,
controller 150 (FIG. 1), may be configured to crop the image
scene 701 into a first image scene 704 for the left eye 752,
and a second image scene for the right eye.

In one example, controller 150 (FIG. 1) may set a CoS of
central display 710, for example, assuming a given eye relief
and a tilt angle of HMD 702, a straight gaze, a fit of central
display 710 in front of eye 752 such that a visual axis of the
eye 752 may be collinear with the optical axis of the central
lens 710, and/or a given eyes convergence distance, e.g.,
making deviation from visual axis.

In some demonstrative embodiments, controller 150
(FIG. 1) may set a PD optical center of peripheral display
730, e.g., at =75 degrees, which may correspond to the CoS,
for example, with angular offset according to opto-mechani-
cal design and the given eyes convergence distance.

In some demonstrative embodiments, controller 150
(FIG. 1) may compensate the content of central display 710,
for example, to present realistic images, for example, to fix
geometrical distortions and chromatic aberrations created by
central lens 720 according to the CoS.

In some demonstrative embodiments, as shown in FIG. 7,
controller 150 (FIG. 1), may be configured to crop the image
scene 704 for the left eye into a first image 706 to be
displayed on central display 710, and into a second image
708 to be displayed on peripheral display 730.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to generate first image 706
and/or second image 708, for example, such that a color
gamut equalization may be maintained between central
display 710 and peripheral display 730.

In one example, controller 150 (FIG. 1) may be config-
ured to dynamically calibrate a color gamut of the first image
706 and/or a color gamut of the second image 708, for
example, to maintain the color gamut equalization between
central display 710 and peripheral display 720. For example,
controller 150 (FIG. 1) may be configured to dynamically
calibrate the color gamut of the first image 706 and/or the
color gamut of the second image 708 based on a tilt angle
between central lens 720 and peripheral lens 740, based on
an ER setting of HMD 702, based on an IPD of the user,
and/or based on a tilt setting of HMD 702. For example,
controller 150 (FIG. 1) may be configured to dynamically
calibrate the color gamut of first image 706 and/or second
image 708, for example, by considering one or more spectral
effects via central lens 720, and/or one or more spectral
effects via peripheral lens 740.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to dynamically calibrate the
color gamut of the first image 706 and/or the color gamut of
the second image 708 based on any other additional or
alternative parameters and/or criteria.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to generate first image 706
and/or second image 708, for example, such that a spatial
light intensity equalization may be maintained between
central display 710 and peripheral display 730.

In one example, controller 150 (FIG. 1) may be config-
ured to dynamically calibrate the spatial light intensity of the
first image 706 and/or the spatial light intensity of the second
image 708, for example, to maintain equalization between
central display 710 and peripheral display 720. For example,
controller 150 (FIG. 1) may be configured to dynamically
calibrate the spatial light intensity of the first image 706
and/or the spatial light intensity of the second image 708
based on a tilt angle between central lens 720 and peripheral
lens 740, based on an ER setting of HMD 702, based on an
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IPD of the user, and/or based on a tilt setting of HMD 702.
For example, controller 150 (FIG. 1) may be configured to
dynamically calibrate the spatial light intensity of the first
image 706 and/or of the second image 706, for example, by
considering non-uniform light absorption and/or scattering
via central lens 720 and/or peripheral lens 740, e.g., as a
function of distance from an optical axis of central lens 720
and/or peripheral lens 740.

In one example, controller 150 (FIG. 1) may be config-
ured to dynamically calibrate the spatial light intensity of the
first image 706 and/or the spatial light intensity of the second
image 708, for example, to maintain equalization between
central display 710 and peripheral display 720, for example,
to compensate light absorptions and/or scattering from some
regions of the lenses, e.g., for Fresnel facets, and/or to
equalize intensities coming from central display 710 and/or
peripheral display 730, e.g., in a fusion region between
central display 710 and peripheral display 730, for example,
for maintaining a seamless image.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to dynamically calibrate the
spatial light intensity of the first image 706 and/or the spatial
light intensity of the second image 708 based on any other
additional or alternative parameters and/or criteria.

In some demonstrative embodiments, as shown in FIG. 7,
controller 150 (FIG. 1) may be configured to apply a
pre-distortion 715 to the image 706 to generate a pre-
distorted image 716.

In some demonstrative embodiments, as shown in FIG. 7,
pre-distorted image 716 may include an additional margin
707, for example, to fill central display 710, e.g., after a
barrel pre-distortion.

In some demonstrative embodiments, as shown in FIG. 7,
controller 150 (FIG. 1) may be configured to display pre-
distorted image 716 on central display 710.

In some demonstrative embodiments, as shown in FIG. 7,
controller 150 (FIG. 1) may be configured to apply a
pre-distortion 717 to the image 708 to generate a pre-
distorted image 719.

In some demonstrative embodiments, as shown in FIG. 7,
pre-distorted image 719 may include an additional margin
709, for example, to fill peripheral display 730, e.g., after a
barrel pre-distortion.

In some demonstrative embodiments, the content of
peripheral display 730 may be pre-distorted according to one
or more geometrical pre-distortions, e.g., barrel, keystone,
and/or the like, and/or chromatic pre-aberrations relatively
to peripheral display 730, for example, in order to present
realistic images and/or a continuous FoV.

In one example, for a given eye relief setting and a correct
inter pupillary distance (IPD) such that central display 710
optical axis is aligned with a visual axis of a straight gazing
eye 752, there may be one or more pre-distortions to
compensate distortions for the central display 710 and
peripheral display 730, for example, before overlap genera-
tion. The one or more pre-distortions may include geometri-
cal pre-distortions and/or chromatic aberrations of central
lens 710 and/or peripheral lens 730.

In one example, the pre-distortions may be performed
separately for each pixel sub-color channel, e.g., separate for
Red, Green and/or Blue (RGB) subpixels. For example, in
such a way, the chromatic aberrations may be compensated
without a separate procedure.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to apply a trapezoidal pre-
distortion 721 to the pre-distorted image 719, for example,
based on a gaze of the eye 752.
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In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to apply the trapezoidal pre-
distortion 721 to image 719, for example, when identifying
a temporal gaze of the eye 752.

In one example, a pre-distortion, e.g., a keystone/trap-
ezoidal pre-distortion, may be reduced on peripheral display
730 and may be introduced on central display 710, for
example, when the eye 752 moves temporally between
central display 710 and peripheral display 730. In some
demonstrative embodiments, controller 150 (FIG. 1) may be
configured to generate a trapezoidal distorted image 725, for
example, by applying the trapezoidal pre-distortion 721 to
the pre-distorted image 719.

In some demonstrative embodiments, controller 150
(FIG. 1) may display the trapezoidal distorted image 725 on
peripheral display 730.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to generate and/or update
trapezoidal distorted image 725, for example, based on the
gaze of the eye 752.

In one example, controller 150 (FIG. 1) may generate a
first trapezoidal distorted image, for example, when identi-
fying a straight gaze of the eye 752.

In another example, controller 150 (FIG. 1) may generate
a second trapezoidal distorted image, for example, when
identifying a peripheral gaze of the eye 752. For example, a
trapezoidal pre-distortion of the second trapezoidal distorted
image may be less than a trapezoidal pre-distortion of the
first trapezoidal distorted image.

In another example, controller 150 (FIG. 1) may generate
a third trapezoidal distorted image, for example, when
identifying a nasal gaze of the eye 752. For example, a
trapezoidal pre-distortion of the third trapezoidal distorted
image may be greater than a trapezoidal pre-distortion of the
first trapezoidal distorted images.

In one example, the trapezoidal pre-distortion at periph-
eral display 730 may be reduced and up to neutralized, for
example, at the temporal gaze, for example, based on a gaze
amplitude toward a temporal direction. According to this
example, the trapezoidal pre-distortion may be introduced
on the central display 710, for example, at the temporal gaze.

In some demonstrative embodiments, controller 150 may
be configured to apply a trapezoidal pre-distortion to image
706 to be displayed by the central display 710, and/or a
trapezoidal pre-distortion to image 708 to be displayed by
the peripheral display 730, for example, based on an eye-
relief setting of HMD 702, a tilt angle of HMD 702 with
respect to the head of the user, and/or the IPD of the user.

In other embodiments, controller 150 may be configured
to apply a trapezoidal pre-distortion to image 706 to be
displayed by the central display 710, and/or a trapezoidal
pre-distortion to image 708 to be displayed by the peripheral
display 730 based on any other additional or alternative
parameter and/or criteria.

Referring back to FIG. 1, in some demonstrative embodi-
ments, controller 150 may be configured to cause the central
display 110 to display the cz portion of the first image
including a first duplicated portion of the image scene, e.g.,
as described below.

In some demonstrative embodiments, controller 150 may
be configured to cause the central display 110 to display the
xcz portion of the first image including a second duplicated
portion of the image scene, e.g., as described below.

In some demonstrative embodiments, controller 150 may
be configured to cause the peripheral display 130 to display
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the tz portion of the second image including the second
duplicated portion of the image scene, e.g., as described
below.

In some demonstrative embodiments, controller 150 may
be configured to cause the peripheral display 130 to display
the xtz portion of the second image including the first
duplicated portion of the image scene, e.g., as described
below.

In some demonstrative embodiments, the first duplicated
portion of the image scene may cover a FoV of at least 5
degrees, e.g., as described below.

In other embodiments, the first duplicated portion of the
image scene may cover any other FoV, e.g., as described
below.

In some demonstrative embodiments, the second dupli-
cated portion of the image scene may cover a FoV of at least
5 degrees, e.g., as described below.

In other embodiments, the second duplicated portion of
the image scene may cover any other FoV, e.g., as described
below.

Reference is made to FIG. 8, which schematically illus-
trates a distribution scheme to distribute an image scene 801
to be displayed by a central display 810 and a peripheral
display 830 of an HMD. For example, HMD 102 (FIG. 1)
may include central display 810 and peripheral display 830.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to distribute image scene 801 to
central display 810 and peripheral display 830.

In some demonstrative embodiments, as shown in FIG. 8,
image scene 801 may include a first duplicated portion 803
of the image scene §01.

In some demonstrative embodiments, as shown in FIG. 8,
image scene 801 may include a second duplicated portion
805 of the image scene 801.

In some demonstrative embodiments, as shown in FIG. 8,
controller 150 (FIG. 1) may be configured to cause the
central display 810 to display the first duplicated portion 803
of the image scene 801, for example, at a ¢z portion 812 of
central display 810.

In some demonstrative embodiments, as shown in FIG. 8,
controller 150 (FIG. 1) may be configured to cause the
central display 810 to display the second duplicated portion
805 of the image scene 801, for example, at an xcz portion
814 of central display 810.

In some demonstrative embodiments, as shown in FIG. 8,
controller 150 (FIG. 1) may be configured to cause the
peripheral display 830 to display the first duplicated portion
803 of the image scene 801, for example, at an xtz portion
824 of peripheral display 830.

In some demonstrative embodiments, as shown in FIG. 8,
controller 150 (FIG. 1) may be configured to cause the
peripheral display 830 to display the second duplicated
portion 803 of the image scene 801, for example, at a tz
portion 822 of peripheral display 830.

In some demonstrative embodiments, as shown in FIG. 8,
the first duplicated portion 803 of the image scene 801 may
cover a FoV of at least 5 degrees.

In other embodiments, the first duplicated portion 803 of
the image scene 801 may cover any other FoV.

In some demonstrative embodiments, the second dupli-
cated 805 of the image scene 801 may cover a FoV of at least
5 degrees.

In other embodiments, the second duplicated portion 805
of the image scene 8§01 may cover any other FoV.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to adjust a size of the first
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duplicated portion 803 and/or a size of the second duplicated
portion 805 of the image scene 801, e.g., as described below.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to determine a size of the first
duplicated portion 803 of the image scene 801, and/or a size
of'the second duplicated portion 805 of the image scene 801,
for example, based on an eye-relief setting and/or a tilt angle
of HMD device 100 (FIG. 1), e.g., as described below.

Reference is made to FIG. 9, which schematically illus-
trates an adjustment scheme 907 to adjust an image scene
901 to be displayed by an HMD device 900, in accordance
with some demonstrative embodiments. For example, HMD
device 100 (FIG. 1) may include one or more elements of
HMD device 900, and/or may perform one or more opera-
tions of, and/or one or more functionalities of, HMD device
900.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to adjust image scene 801 (FIG.
8), for example, according to adjustment scheme 900, e.g.,
as described below.

In some demonstrative embodiments, as shown in FIG. 9,
image scene 901 may include a first duplicated portion 903
of the image scene 901.

In some demonstrative embodiments, as shown in FIG. 9,
image scene 901 may include a second duplicated portion
905 of the image scene 901.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to adjust image scene 901, for
example, based on an eye-relief setting and/or a tilt angle
906 of HMD device 900.

In some demonstrative embodiments, tilt angle 906 may
define a tilt angle between optical axis of central lens of the
HMD device 900 and a visual axis of a pupil 953 of an eye
a user.

In one example, the tilt angle 906 may be defined as zero,
for example, when the head of the user is straight and the
user is looking forward to a far image displayed on HMD
device 900.

In another example, the tilt angle 906 may be defined as
a positive angle, for example, when the head of the user is
straight and the user is looking forward and the HMD is
tilted up.

In another example, the tilt angle 906 may be defined as
a negative angle, for example, when the head of the user is
straight and the user is looking forward and the HMD is
tilted down.

In some demonstrative embodiments, image scene 901
may correspond to a zero tilt angle 906, and to a pre-defined
eye-relief setting 914, e.g., a pre-defined design and/or
preferred eye-relief setting.

In some demonstrative embodiments, as shown in FIG. 9,
eye-relief setting 914 may correspond to a distance 916
between a cornea 952 of an eye of a user and a central lens
920 of HMD device 900.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to adjust image scene 901 into
an image scene 911, for example, based on the eye-relief
setting 914, as described below.

In some demonstrative embodiments, as shown in FIG. 9,
controller 150 (FIG. 1) may be configured to determine a
first size 913 of the first duplicated portion 903 and a second
size 915 of the second duplicated portion 905. For example,
the second size 915 may be configured to be greater than the
first size 913, for example, based on an increase in the
distance 916 between the cornea 952 and the lens.

In one example, the pupil 953 may miss rays, for example,
at a temporal gaze, e.g., when the distance 916 between the
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pupil and the lens of HMD device 900 increases. Therefore,
anasal gaze overlap zone, e.g., xtz display area 134 (FIG. 1),
corresponding to the second duplicated portion 905, may be
increased.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to adjust image scene 901 into
an image scene 917, for example, based on the eye-relief
setting 914 and/or tilt angle 906 of HMD device 900, e.g.,
as described below.

In some demonstrative embodiments, as shown in FIG. 9,
controller 150 (FIG. 1) may be configured to determine a
size of first duplicated portion 903 of the image scene 901,
for example, when HMD device 900 is tilted down, e.g.,
when a distance between the cornea 952 and a bottom part
of the lens of HMD device 900 is less than a distance
between the cornea 952 and an upper part of the lens of
HMD device 900.

In some demonstrative embodiments, as shown in FIG. 9,
an upper part of the first duplicated portion 903 may be
larger than a lower part of second duplicated portion 905, for
example, as the upper part of first duplicated portion 903 is
farther than the lower part of second duplicated portion 905,
e.g., when HMD device 900 is tilted down.

In one example, when HMD device 900 is tilted, an upper
part of the temporal zone may be shifted toward the center,
e.g., when the distance between the cornea 952 and the
upper part of the lens of HMD device 900 is increased.

In another example, a bottom part of the temporal zone
may be shifted away from the center, e.g., when the distance
between the cornea 952 and the bottom part of the lens of
HMD device 900 is reduced.

Reference is made to FIG. 10, which schematically illus-
trates an HMD 1002, in accordance with some demonstra-
tive embodiments. For example, HMD 102 (FIG. 1) may
include one or more elements of HMD 1002, and/or may
perform one or more operations of, and/or one or more
functionalities of, HMD 1002.

In some demonstrative embodiments, as shown in FIG.
10, HMD 1002 may include a central display 1010, a central
lens 1020, a peripheral display 1030, and a peripheral lens
1040, e.g., as described below.

In some demonstrative embodiments, a lens-display dis-
tance, e.g., a lens-display distance between central display
1010 and central lens 1020, and/or a lens-display distance
between peripheral display 1030 and a peripheral lens 1040,
may be adjusted, for example, to support refractive errors of
an eye of a user, e.g., myopia and/or hyperopia, e.g., as
described below.

In some demonstrative embodiments, as shown in FIG.
10, a predefined central lens-display distance 1013 between
the central lens 1020 and a predefined location 1015 of a
central display of HMD 1002 may be set and/or adjusted,
e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
10, a predefined peripheral lens-display distance 1033
between the peripheral lens 1040 and a predefined location
1035 of peripheral display 1030 may be set and/or adjusted,
e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
10, the central lens-display distance may be increased from
the predefined central lens-display distance 1013, for
example, towards a central lens-display distance 1011.

In one example, central lens-display distance 1011 may be
configured, for example, for a user having hyperopia, e.g., to
enable the user a clear view of an image scene, e.g., image
scene 801 (FIG. 8), on the central display.
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In some demonstrative embodiments, the peripheral lens-
display distance may be increased from the predefined
peripheral lens-display distance 1035, for example, towards
a peripheral lens-display distance (not shown in FIG. 10) in
a similar manner, e.g., to enable the user a clear view of the
image scene, e.g., image scene 801 (FIG. 8), on the periph-
eral display.

In some demonstrative embodiments, as shown in FIG.
10, the peripheral lens-display distance may be reduced from
the predefined peripheral lens-display distance 1035, for
example, towards a peripheral lens-display distance 1031.

In one example, peripheral lens-display distance 1031
may be configured, for example, for a user having myopia,
e.g., to enable the user a clear view of an image scene, e.g.,
image scene 801 (FIG. 8), on the peripheral display.

In some demonstrative embodiments, the central lens-
display distance may be reduced from the predefined central
lens-display distance 1013, for example, towards a central
lens-display distance (not shown in FIG. 10) in a similar
manner, e.g., to enable the user a clear view of the image
scene, e.g., image scene 801 (FIG. 8), on the central display.

In some demonstrative embodiments, controller 150
(FIG. 1) may be configured to determine and/or adjust a size
of a portion 1003 of the image scene to be displayed by an
xcz display area, e.g., xcz display area 114 (FIG. 1), for
example, based on the central lens-display distance 1011.

In some demonstrative embodiments, controller 150
(FIG. 1) controller 150 (FIG. 1) may be configured to
determine and/or adjust a size of a portion 1005 of the image
scene to be displayed by an xtz display area, e.g., xtz display
area 134 (FIG. 1), for example, based on the peripheral
lens-display distance 1031.

In some demonstrative embodiments, adjusting a lens-
display distance, e.g., lens-display distance 1011 and/or
lens-display distance 1013, may change an object size
perception. For example, the image scene may be zoomed,
e.g., in or out, for example, for hyperopia and/or myopia,
which may require adjusting a size of portions of the image
scene to be displayed.

In some demonstrative embodiments, the image scene
may be stretched, for example, when zooming-in the image
scene, e.g., as a result of reducing the lens-display distance.
Accordingly, a size of portions of the image scene may be
stretched, for example, before displaying the image scene,
e.g., as described below.

In some demonstrative embodiments, as shown in FIG.
10, the size of portion 1003 may be increased, for example,
based on zooming-in the image scene. The size of portion
1003 may be increased, for example, by allocating an
additional portion 1004 of central display 1010 to display
the image scene, for example, to allow stretching of the
image scene to be displayed on central display 1010.

In some demonstrative embodiments, as shown in FIG.
10, the size of portion 1005 may be increased, for example,
based on zooming-in the image scene. The size of portion
1005 may be increased, for example, by allocating an
additional portion 1006 of peripheral display 1030 to display
the image scene, for example, to allow stretching of the
image scene to be displayed on peripheral display 1030.

In one example, preserving the object size perception may
result in preservation of chief rays angels, and therefore,
there may be no need to make additional pre-distortions
adjustments.

In one example, the adjustment of the sizes of portions
1003 and/or 1005 may provide a technical solution, which
may obviate a need to adjust side-cut angles of the central
lens 1020 and/or the peripheral lens 1040, e.g., adjustments
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of side cut 223 of xcz lens portion 224 (FIG. 2) and/or side
cut 245 (FIG. 2) of xtz lens portion 244 (FIG. 2).

Referring back to FIG. 1, in some demonstrative embodi-
ments, controller 150 may be configured to validate a
continuous FoV of HMD 1102, for example, based on
corneal reflection images from the eye of the user, e.g., as
described below.

In some demonstrative embodiments, controller 150 may
be configured to process image information of a cornea over
the pupil 152 to identify a corneal reflection image including
a combination of the first image from the central display 110
and the second image from the peripheral display 130, e.g.,
as described below.

In some demonstrative embodiments, controller 150 may
be configured to adjust the first image displayed by the
central display 110 and/or the second image displayed by the
peripheral display 130, for example, based on the corneal
reflection image, e.g., as described below.

In one example, the eye of the user may be monitored, for
example, to ensure a continuous FoV. For example, control-
ler 150 may be configured to adjust the first image displayed
by the central display 110 and/or the second image displayed
by the peripheral display 130, for example, based real time
feedback, which may be determined, for example, based on
analysis of the corneal reflection image, which may include
the combination of the first image from the central display
110 and the second image from the peripheral display 130,
and may be reflected from the iris of the eye, e.g., where an
intact single source should be presented.

In another example, adjustments of pre-distortions and
content distribution to central display 110 and peripheral
display 130 may be erroneous, for example, if the first and
second images are not fused, and, therefore a continuous
realistic panoramic image may be broken.

In some demonstrative embodiments, the first image from
the central display 110 may include a first calibration image,
and/or the second image from the peripheral display 130
may include a second calibration image, for example, to
validate the continuous FoV of HMD 102, e.g., as described
below.

In some demonstrative embodiments, controller 150 may
be configured to simultaneously cause the central display
110 to display a first calibration image, and the peripheral
display 130 to display a second calibration image, e.g., as
described below.

In some demonstrative embodiments, controller 150 may
be configured to process image information of the cornea,
for example, to identify a corneal reflection calibration
image including a combination of the first calibration image
and the second calibration image, e.g., as described below.

In some demonstrative embodiments, controller 150 may
be configured to adjust the first image displayed by the
central display 110 and/or the second image displayed by the
peripheral display 130, for example, based on the corneal
reflection calibration image, e.g., as described below.

In one example, the calibration images may include
predefined patterns, which may be displayed as a visible
image or as a non-visible image.

In one example, the predefined patterns may include Near
Infra-Red (NIR) transparent display stripes, which may be
installed, for example, over overlap areas of the central
display 110 and/or peripheral display 130.

In another example, the predefined patterns may include
native display RGB subpixels.

In another example, the predefined patterns may include
any other patterns.
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In some demonstrative embodiments, using the pre-
defined pattern may be simple and easy, compared, for
example, to analysis of a combination of the first and second
images, which may require comparing visible signs, e.g.,
image reflections that may be shared with regular content,
and/or may require cross correlation between regular content
and iris reflections, which may require an increased com-
putation complexity.

Reference is made to FIG. 11, which schematically illus-
trates a validation scheme 1100 to validate a continues FoV
of an HMD 1102, in accordance with some demonstrative
embodiments. For example, HMD 102 (FIG. 1) may include
one or more elements of HMD 1102, and/or may perform
one or more operations of, and/or one or more functionalities
of, HMD 1102.

In one example, controller 150 may validate the continues
FoV of HMD 102 (FIG. 1), for example, according to
validation scheme 1100.

In some demonstrative embodiments, as shown in FIG.
11, HMD 1102 may include a central display 1110, a central
lens 1120, a peripheral display 1130, a peripheral lens 1140,
and a controller 1150, e.g., as described below. For example,
controller 150 (FIG. 1) may perform one or more operations
of, and/or one or more functionalities of, controller 1150.

In some demonstrative embodiments, as shown in FIG.
11, controller 1150 may be configured to simultaneously
cause central display 1110 to display a first calibration image
1111, and peripheral display 130 to display a second cali-
bration image 1131, e.g., as described below.

In some demonstrative embodiments, controller 1150 may
be configured to process image information 1160 of the
cornea.

In some demonstrative embodiments, image information
1160 may be captured, for example, by a camera 1159.

In one example, gaze tracker 159 (FIG. 1) may include
one or more elements of camera 1159, and/or may perform
one or more operations of, and/or one or more functionalities
of, camera 1159.

In another example, HMD device 100 (FIG. 1) may
include camera 1159, for example, in addition to gaze
tracker 159 (FIG. 1).

In some demonstrative embodiments, controller 1150 may
process the image information 1160 of the cornea, for
example, to identify a corneal reflection calibration image
1162 including a combination of the first calibration image
1111 and the second calibration image 1131, e.g., as
described below.

In one example, controller 1150 may validate the contin-
ues FoV, for example, if the combination of the first cali-
bration image 1111 and the second calibration image 1131 in
the corneal reflection calibration image 1162 reflected as a
continuous FoV, e.g., a vertical fusion of “+” signs.

In some demonstrative embodiments, controller 1150 may
be configured to adjust the first image displayed by the
central display 1110 and/or the second image displayed by
the peripheral display 1130, for example, based on the
corneal reflection calibration image 1162.

In one example, controller 1150 may adjust the first image
displayed by the central display 1110 and/or the second
image displayed by the peripheral display 1130, for
example, if the combination of the first calibration image
1111 and the second calibration image 1131 in the corneal
reflection calibration image 1162 is not reflected as a con-
tinuous FoV, e.g., not including the vertical fusion of “+”
signs.

In some demonstrative embodiments, controller 1150 may
be configured to adjust 1153 the tilt angle between the
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central display 1110 and the peripheral display 1130, for
example, based on the corneal reflection calibration image
1162, e.g., as described above.

In some demonstrative embodiments, controller 1150 may
be configured to apply pre-distortions for the first image
displayed by the central display 1110 and/or the second
image displayed by the peripheral display 1130, for
example, based on the corneal reflection calibration image
1162.

In one example, camera 1159 may include an NIR eye
tracking camera with an NIR structured light (SL), which
may be configured to project patterns on a face of the user.

In some demonstrative embodiments, controller 1150 may
determine one or HMD parameters, e.g., a 3D shape esti-
mation of the eye, a gaze angle, an ER setting, an IPD
setting, a tilt angle, and/or any other parameter and/or
attribute, for example, based on analysis of an image includ-
ing the patterns projected on the face of the user.

In some demonstrative embodiments, controller 1150 may
determine, e.g., for each display pixel of central display
1110, an eye-pupil hit-efficiency and/or Visual Acuity
(EPHEVA), for example, based on the HMD parameters.

Reference is made to FIG. 12, which schematically illus-
trates a flat-hybrid lens 1210 and a concave-hybrid lens
1220, which may be implemented in accordance with some
demonstrative embodiments.

In one example, central lens 120 (FIG. 1) and/or periph-
eral lens 140 (FIG. 1) may implemented by, and/or may
include, one or more elements of flat-hybrid lens 1210.

In another example, central lens 120 (FIG. 1) and/or
peripheral lens 140 (FIG. 1) may implemented by, and/or
may include, one or more elements of concave-hybrid lens
1220.

In other embodiments, central lens 120 (FIG. 1) and/or
peripheral lens 140 (FIG. 1) may implemented by, and/or
may include, any other type of hybrid or non-hybrid lens.

In some demonstrative embodiments, as shown in FIG.
12, flat-hybrid lens 1210 may include at least two freeform
parts.

In some demonstrative embodiments, as shown in FIG.
12, flat-hybrid lens 1210 may include a central freeform
aspherical lens 1212, and a peripheral freeform Fresnel lens
1214.

In some demonstrative embodiments, as shown in FIG.
12, flat-hybrid lens 1210 may provide a FoV angle, denoted
al.

In some demonstrative embodiments, as shown in FIG.
12, central freeform aspherical lens 1212 may provide a FoV
angle, denoted a3, in the FoV angle al.

In one example, central freeform aspherical lens 1212
may provide sharp vision, e.g., through non-Fresnel optics.

In some demonstrative embodiments, as shown in FIG.
12, concave-hybrid lens 1220 may include at least two
freeform parts.

In some demonstrative embodiments, as shown in FIG.
12, concave-hybrid lens 1220 may include a central freeform
concave aspherical lens 1222, and a peripheral freeform
Fresnel lens 1224.

In some demonstrative embodiments, as shown in FIG.
12, concave-hybrid lens 1220 may include a concave dif-
fractive layer 1226, for example, in front and/or at the back
of, central freeform concave aspherical lens 1222 and
peripheral freeform Fresnel lens 1224.

In some demonstrative embodiments, as shown in FIG.
12, concave-hybrid lens 1220 may provide a FoV angle,
denoted a2.
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In some demonstrative embodiments, as shown in FIG.
12, central freeform aspherical lens 1222 may provide a FoV
angle, denoted a4 in the FoV angle a2.

In some demonstrative embodiments, as shown in FIG.
12, concave-hybrid lens 1220 may provide a wide FoV, e.g.,
the FoV angle a2, compared to the FoV angle al of
flat-hybrid lens 1210. For example, the FoV angle a2 may
cover the FoV angle al, and an additional FoV angle,
denoted Aa21. For example, the FoV angle a4 may cover
the FoV angle a3, and an additional FoV angle, denoted
Aad3.

In one example, as shown in FIG. 12, concave-hybrid lens
1220 may be convex from a display side and concave from
an eye side.

In one example, as shown in FIG. 12, peripheral freeform
Fresnel lens 1224 may be co-radial with central freeform
concave aspherical lens 1222 from the eye side.

In some demonstrative embodiments, concave-hybrid
lens 1220 may be configured to compensate a color disper-
sion, for example, by diffractive structures, e.g., diffractive
layer 1226, which may be at least on one lens side.

In some demonstrative embodiments, concave-hybrid
lens 1220 may be different from flat-hybrid lens 1210, for
example, by having different lens shapes, and/or by using a
diffractive layer, e.g., concave diffractive layer 1226.

In some demonstrative embodiments, as shown in FIG.
12, concave-hybrid lens 1220 may include two aspherical
refractive surfaces and two diffractive surfaces, which may
add flexibility, for example, to create variable Visual Acuity
(VA) over one or more FoV angles. For example, the
variable VA may be configured such that the VA may reduce
with an increase of a FoV angle.

In some demonstrative embodiments, concave-hybrid
lens 1220 may be formed of one or more types of material,
which may be configured, for example, for near eye display
optics, e.g., as described below.

In one example, lenses formed of materials having a
medium to high Abbe Number (AN) may minimize chro-
matic aberrations. However, the materials having a medium
to high AN may have a limited Refractive Index (RI), e.g.,
for polymers a higher RI may lower the AN. Accordingly,
these materials may pose limitations on the thickness and/or
diameter of a lens.

In some demonstrative embodiments, the concave-hybrid
lens 1220 and/or the flat-hybrid lens 1210 may be formed of
a material having an RI to AN (RI/AN) ratio of at least 0.03.

In one example, a lens may be formed of one or more of
the following materials:

TABLE 1

Refractive Index Abbe Number ~ RIVAN
Material RI) (AN) Ratio
Material to provide 1.8 19 0.095
high RIVAN ratio
MR174 1.74 29 0.060
PC 1.59 29 0.055
Zeonex 1.53 55 0.028
PMMA 1.49 55 0.027

In one example, the concave-hybrid lens 1220 and/or the
flat-hybrid lens 1210 may be formed of one or more of the
materials of Table 1. In other embodiments, the concave-
hybrid lens 1220 and/or the flat-hybrid lens 1210 may be
formed of any other materials.

In some demonstrative embodiments, the concave diffrac-
tive layer 1226 may be implemented to support implemen-
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tation of lens materials having an RI/AN ratio of at least
0.03, for example, for a same diameter, a same ER, and/or
a same optical power, e.g., when using lenses of materials
characterized by an RI/AN ratio of less than 0.03.

In some demonstrative embodiments, the concave-hybrid
lens 1220 may be implemented to support an increased FoV
angle, e.g., the FoV angle a4, which may increase the FoV
angle a3, e.g., by an additional FoV angle Aa43.

In some demonstrative embodiments, a concave shape of
the concave-hybrid lens 1220 may be configured to preserve
a central ER, and an enlarged FoV angle, e.g., FoV angle a2.

In some demonstrative embodiments, the concave-hybrid
lens 1220 may be formed by a material having a relatively
low AN, e.g., and an RI/AN ratio of at least 0.03, for
example, to provide a technical solution allowing the con-
cave diffractive layer 1226 to contribute more in ray devia-
tion per given lens slope, for example, while compensating
chromatic aberrations created by refraction.

Reference is made to FIG. 13, which schematically illus-
trates a block diagram of a system 1300 including a com-
puting device 1350 and an HMD device 1302, in accordance
with some demonstrative embodiments.

In one example, HMD device 100 (FIG. 1) may include
one or more elements of HMD device 1302, and/or may
perform one or more operations of, and/or one or more
functionalities of, HMD device 1302.

In one example, computing device 1350 may include one
or more processors, software and/or hardware configured to
process and/or provide images to be displayed by HMD
device 1302.

In some demonstrative embodiments, HMD device 1302
may be configured to interface with computing device 1350
and to receive from computing device 1350 an image scene
to be displayed by HMD device 1302.

In some demonstrative embodiments, computing device
1350 may be based on x86 or RISC architecture and/or any
other architecture, which may be strong enough to render
intense graphical information for extended reality.

In some demonstrative embodiments, system 1300 may
optionally include one or more controllers, denoted control-
ler part #1 and controller part #2, and/or one or more serving
sensors, motors and/or analog electronics, which may pro-
vide one or more interfaces to be added on to computing
device 1350 and/or to provide a close control loop, e.g.,
faster than computing device 1350.

In some demonstrative embodiments, HMD device 1302
may include MIPI-DSI mini-displays, and computing device
1350 may provide direct MIPI DSI interfaces and/or con-
verted interfaces, e.g., through bridges from one or more
other ports, e.g., HDMI, DP, LVDS, and/or any other type of
interfaces and/or corresponding bridging circuitry to drive
the mini-displays of HMD device 1302.

In one example, a number of MIPI-DSI interfaces or any
other interfaces of computing device 1350 may be less than
a number of displays, e.g., 3 displays if a central display is
shared for the left and right eyes, or 4 displays if all displays
are not shared. According to this example, MIPI and/or other
router circuitry may be used to drive all displays and/or to
manage the bandwidth with priority for central display
and/or with foveated rendering.

In some demonstrative embodiments, HMD device 1302
may optionally include a set of motorized linear and/or
rotational axes, e.g., with limited switches and/or encoders.

In some demonstrative embodiments, HMD device 1302
may optionally include eye tracking and/or ER analysis
modules, which may be connected with a symmetry camera,
e.g., directly to computer 1350, or through a controller of
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HMD device 1302. Such an implementation may reduce a
load on computing device 1350, for example, by allowing
HMD device 1302 to perform local image processing and/or
close loop with control of the motors and/or content gen-
eration control.

In some demonstrative embodiments, HMD device 1302
may optionally include a stereo-camera for inside-out track-
ing, and/or one or more cameras for 360 degree tracking
and/or SLAM.

In some demonstrative embodiments, HMD device 1302
may optionally include one or more IMU sensors, for
example, to indicate to computing device 1350 which infor-
mation from a 360 degree sphere may be rendered and
distributed through the displays.

In one example, fine tuning of information distribution
through peripheral displays may be performed, for example,
according to eye tracking and/or coordinated with motorized
axes.

In some demonstrative embodiments, the ER setting, the
vertical axis and/or the tilt axis may be used to adjust a
position of HMD device 1302, for example, after it is
mounted on the head of the user.

In some demonstrative embodiments, pupillary distance
axes may be used for centration of left and/or right Visual
Units (VUs), for example, a left-hand VU including central
display 160 (FIG. 1), central lens 165 (FIG. 1), peripheral
display 170 (FIG. 1) and peripheral lens 175 (FIG. 1), and/or
a right-hand VU including central display 110 (FIG. 1),
central lens 120 (FIG. 1), peripheral display 130 (FIG. 1)
and peripheral lens 140 (FIG. 1), e.g., in front of each eye.

In some demonstrative embodiments, HMD device 1302
may optionally include two or more rotational axes config-
ured to adjust the tilt angle between the central and periph-
eral displays.

In some demonstrative embodiments, HMD device 1302
may optionally include a plurality of linear axes, e.g., 4
linear axes, configured to set distances between the displays
and the lenses of HMD device 1302.

In some demonstrative embodiments, a symmetry camera
may be configured to detect an improper mount of HMD
device 1302 on the head, for example, using analysis of face
anatomical structures, and may be configured to provide an
alert for an improper mounting, e.g., to allow the user to
improve the headset position.

Reference is made to FIG. 14, which schematically illus-
trates a method of controlling an HMD, in accordance with
some demonstrative embodiments. For example, one or
more of the operations of the method of FIG. 14 may be
performed by an HMD device, e.g., HMD device 100 (FIG.
1); an HMD, e.g., HMDs 102 and/or 104 (FIG. 1); a
controller, e.g., controller 150 (FIG. 1) and/or controller
1150 (FIG. 11).

As indicated at block 1402, the method may include
causing a central display of the HMD to display a first image
based on image information of an image scene. For example,
controller 150 (FIG. 1) may cause central display 110 (FIG.
1) to display the first image based on the image information
of the image scene, e.g., as described above.

As indicated at block 1404, the method may include
causing a peripheral display of the HMD to display a second
image based on the image information of the image scene.
For example, controller 150 (FIG. 1) may cause peripheral
display 140 (FIG. 1) to display the first image based on the
image information of the image scene, e.g., as described
above.

As indicated at block 1406, causing the central display to
display the first image may include causing the central
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display to display a cz portion of the first image including a
first duplicated portion of the image scene. For example,
controller 150 (FIG. 1) may cause central display 110 (FIG.
1) to display the cz portion of the first image including the
first duplicated portion 803 (FIG. 8) of the image scene 801
(FIG. 8), e.g., as described above.

As indicated at block 1408, causing the central display to
display the first image may include causing the central
display to display an xcz portion of the first image including
a second duplicated portion of the image scene. For
example, controller 150 (FIG. 1) may cause central display
110 (FIG. 1) to display the xcz portion of the first image
including the second duplicated portion 805 (FIG. 8) of the
image scene 801 (FIG. 8), e.g., as described above.

As indicated at block 1410, causing the peripheral display
to display the second image may include causing the periph-
eral display to display a tz portion of the second image
including the second duplicated portion of the image scene.
For example, controller 150 (FIG. 1) may cause peripheral
display 130 (FIG. 1) to display the tz portion of the second
image including the second duplicated portion 805 (FIG. 8)
of the image scene 801 (FIG. 8), e.g., as described above.

As indicated at block 1412, causing the peripheral display
to display the second image may include causing the periph-
eral display to display an xtz portion of the second image
including the first duplicated portion of the image scene. For
example, controller 150 (FIG. 1) may cause peripheral
display 130 (FIG. 1) to display the xtz portion of the second
image including the first duplicated portion 803 (FIG. 8) of
the image scene 801 (FIG. 8), e.g., as described above.

Reference is made to FIG. 15, which schematically illus-
trates a product of manufacture 1500, in accordance with
some demonstrative embodiments. Product 1500 may
include one or more tangible computer-readable (“machine
readable”) non-transitory storage media 1502, which may
include computer-executable instructions, e.g., implemented
by logic 1504, operable to, when executed by at least one
processor, e.g., computer processor, enable the at least one
processor to implement one or more operations of HMD
device 100 (FIG. 1), HMD 102 and/or 104 (FIG. 1), and/or
controller 150 (FIG. 1), to perform one or more operations,
and/or to perform, trigger and/or implement one or more
operations, and/or functionalities described above with ref-
erence to F1GS. 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13 and/or
14, and/or one or more operations described herein. The
phrases “non-transitory machine-readable media (medium)”
and “computer-readable non-transitory storage media (me-
dium)” are directed to include all computer-readable media,
with the sole exception being a transitory propagating sig-
nal.

In some demonstrative embodiments, product 1500 and/
or storage media 1502 may include one or more types of
computer-readable storage media capable of storing data,
including volatile memory, non-volatile memory, removable
or non-removable memory, erasable or non-erasable
memory, writeable or re-writeable memory, and the like. The
computer-readable storage media may include any suitable
media involved with downloading or transferring a com-
puter program from a remote computer to a requesting
computer carried by data signals embodied in a carrier wave
or other propagation medium through a communication link,
e.g., a modem, radio or network connection.

In some demonstrative embodiments, logic 1504 may
include instructions, data, and/or code, which, if executed by
a machine, may cause the machine to perform a method,
process and/or operations as described herein. The machine
may include, for example, any suitable processing platform,
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computing platform, computing device, processing device,
computing system, processing system, computer, processor,
or the like, and may be implemented using any suitable
combination of hardware, software, firmware, and the like.

In some demonstrative embodiments, logic 1504 may
include, or may be implemented as, software, a software
module, an application, a program, a subroutine, instruc-
tions, an instruction set, computing code, words, values,
symbols, and the like. The instructions may include any
suitable type of code, such as source code, compiled code,
interpreted code, executable code, static code, dynamic
code, and the like. The instructions may be implemented
according to a predefined computer language, manner or
syntax, for instructing a processor to perform a certain
function. The instructions may be implemented using any
suitable high-level, low-level, object-oriented, visual, com-
piled and/or interpreted programming language. Functions,
operations, components and/or features described herein
with reference to one or more embodiments, may be com-
bined with, or may be utilized in combination with, one or
more other functions, operations, components and/or fea-
tures described herein with reference to one or more other
embodiments, or vice versa.

EXAMPLES

The following examples pertain to further embodiments.

Example 1 includes a Head Mounted Display (HMD)
device comprising a central display configured to display a
first image in a central Field of View (FoV) based on an
image scene to be displayed to a pupil of a user, the central
display comprising a central zone (cz) display area to
display a cz portion of the first image, and an extended
central zone (xcz) display area to display an xcz portion of
the first image, the xcz display area adjacent to the cz display
area; a central lens configured to direct light of the first
image toward the pupil of the user, the central lens com-
prising a cz lens portion, and an xcz lens portion adjacent to
the cz lens portion, the cz lens portion configured to direct
light of the cz portion of the first image toward the pupil at
a straight gaze of the pupil, at a nasal gaze of the pupil and
at a temporal gaze of the pupil, the xcz lens portion
configured to direct light of the xcz portion of the first image
toward the pupil at the nasal gaze of the pupil; a peripheral
display configured to display a second image in a temporal
FoV based on the image scene, the peripheral display
comprising a temporal zone (tz) display area to display a tz
portion of the second image, and an extended temporal zone
(xtz) display area to display an xtz portion of the second
image, the xtz display area adjacent to the tz display area;
and a peripheral lens configured to direct light of the second
image toward the pupil of the user, the peripheral lens is
tilted at a tilt angle relative to the central lens, the peripheral
lens comprising a tz lens portion, and an xtz lens portion, the
tz lens portion configured to direct light of the tz portion of
the second image toward the pupil at the straight gaze of the
pupil, the temporal gaze of the pupil and the nasal gaze of
the pupil, the xtz lens portion configured to direct light of the
xtz portion of the second image toward the pupil at the
temporal gaze of the pupil.

Example 2 includes the subject matter of Example 1, and
optionally, wherein the HMD device is configured to provide
a continuous nasal gaze FoV to the pupil at the nasal gaze,
the continuous nasal gaze FoV comprising the light of the ¢z
portion of the first image directed by the cz lens portion
toward the pupil at the nasal gaze, the light of the xcz portion
of'the first image directed by the xcz lens portion toward the
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pupil at the nasal gaze, and the light of the tz portion of the
second image directed by the tz lens portion toward the pupil
at the nasal gaze.

Example 3 includes the subject matter of Example 1 or 2,
and optionally, wherein the HMD device is configured to
provide a continuous temporal gaze FoV to the pupil at the
temporal gaze, the continuous temporal gaze FoV compris-
ing the light of the cz portion of the first image directed by
the cz lens portion toward the pupil at the temporal gaze, the
light of the xtz portion of the second image directed by the
xtz lens portion toward the pupil at the temporal gaze, and
the light of the tz portion of the second image directed by the
tz lens portion toward the pupil at the temporal gaze.

Example 4 includes the subject matter of any one of
Examples 1-3, and optionally, comprising a controller con-
figured to cause the central display to display the first image
based on image information of the image scene, and to cause
the peripheral display to display the second image based on
the image information of the image scene.

Example 5 includes the subject matter of Example 4, and
optionally, wherein the controller is configured to cause the
central display to display the cz portion of the first image
comprising a first duplicated portion of the image scene; and
display the xcz portion of the first image comprising a
second duplicated portion of the image scene; and cause the
peripheral display to display the tz portion of the second
image comprising the second duplicated portion of the
image scene; and display the xtz portion of the second image
comprising the first duplicated portion of the image scene.

Example 6 includes the subject matter of Example 5, and
optionally, wherein the second duplicated portion of the
image scene covers a FoV of at least 5 degrees.

Example 7 includes the subject matter of Example 5, and
optionally, wherein the first duplicated portion of the image
scene covers a FoV of at least 5 degrees.

Example 8 includes the subject matter of any one of
Examples 5-7, and optionally, wherein the controller is
configured to determine a size of at least one of the first
duplicated portion of the image scene or the second dupli-
cated portion of the image scene based on at least one of an
eye-relief setting or a tilt angle of the HMD device.

Example 9 includes the subject matter of any one of
Examples 5-8, and optionally, wherein the controller is
configured to determine a size of the second duplicated
portion of the image scene based on a central lens-display
distance between the central lens and the central display.

Example 10 includes the subject matter of any one of
Examples 5-9, and optionally, wherein the controller is
configured to determine a size of the first duplicated portion
of the image scene based on a peripheral lens-display
distance between the peripheral lens and the peripheral
display.

Example 11 includes the subject matter of any one of
Examples 4-10, and optionally, wherein the controller is
configured to, based on identification of the straight gaze of
the pupil, generate the second image by applying a first
trapezoidal pre-distortion to a portion of the image scene to
be displayed by the peripheral display; based on identifica-
tion of a non-straight gaze of the pupil, generate the second
image by applying a second trapezoidal pre-distortion to the
portion of the image scene to be displayed by the peripheral
display, the second trapezoidal pre-distortion is different
from the first trapezoidal pre-distortion.

Example 12 includes the subject matter of Example 11,
and optionally, wherein the controller is configured to deter-
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mine the second trapezoidal pre-distortion to be less than the
first trapezoidal pre-distortion, based on identification of the
temporal gaze of the pupil.

Example 13 includes the subject matter of Example 11 or
12, and optionally, wherein the controller is configured to
determine the second trapezoidal pre-distortion to be greater
than the first trapezoidal pre-distortion, based on identifica-
tion of the nasal gaze of the pupil.

Example 14 includes the subject matter of any one of
Examples 4-13, and optionally, wherein the controller is
configured to determine a pre-distortion based on at least
one of an eye-relief setting of the HMD device, a tilt angle
of the HMD device, or an interpupillary distance (IPD) of
the user, and to apply the pre-distortion to at least one
portion of the image scene, the at least one portion of the
image scene comprising at least one of an image portion to
be displayed by the central display, or an image portion to
be displayed by the peripheral display.

Example 15 includes the subject matter of any one of
Examples 4-14, and optionally, wherein the controller is
configured to calibrate a color gamut of the first image
relative to a color gamut of the second image based on one
or more spectral attributes of at least one of the central lens
or the peripheral lens.

Example 16 includes the subject matter of any one of
Examples 4-15, and optionally, wherein the controller is
configured to calibrate a spatial light intensity of the first
image relative to a spatial light intensity of the second image
based on one or more spectral attributes of at least one of the
central lens or the peripheral lens.

Example 17 includes the subject matter of any one of
Examples 4-16, and optionally, wherein the controller is
configured to identify a tilt setting of the tilt angle of the
peripheral lens relative to the central lens, and to determine
a portion of the image scene to be displayed by the periph-
eral display based on the tilt setting.

Example 18 includes the subject matter of any one of
Examples 4-17, and optionally, wherein the controller is
configured to monitor a gaze angle of the pupil, and to
dynamically adjust the tilt angle of the peripheral lens
relative to the central lens based on the gaze angle of the
pupil.

Example 19 includes the subject matter of any one of
Examples 4-18, and optionally, wherein the controller is
configured to process image information of a cornea over the
pupil to identify a corneal reflection image comprising a
combination of the first image from the central display and
the second image from the peripheral display; and based on
the corneal reflection image, adjust at least one of the first
image displayed by the central display or the second image
displayed by the peripheral display.

Example 20 includes the subject matter of Example 19,
and optionally, wherein the HMD device is configured to
simultaneously cause the central display to display a first
calibration image, and the peripheral display to display a
second calibration image; process image information of the
cornea to identify a corneal reflection calibration image
comprising a combination of the first calibration image and
the second calibration image; and, based on the corneal
reflection calibration image, adjust at least one of the first
image displayed by the central display or the second image
displayed by the peripheral display.

Example 21 includes the subject matter of any one of
Examples 1-20, and optionally, comprising a tilt angle
adjuster to adjust the tilt angle of the peripheral lens relative
to the central lens.
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Example 22 includes the subject matter of any one of
Examples 1-21, and optionally, wherein the central lens is
separated from the peripheral lens by a distance of at least
1 millimeter (mm).

Example 23 includes the subject matter of any one of
Examples 1-22, and optionally, wherein the central lens is
separated from the peripheral lens by a distance of at least
1 millimeter (mm) in a plane connecting optical axes of the
central lens and the peripheral lens.

Example 24 includes the subject matter of any one of
Examples 1-21, and optionally, wherein an edge of the
central lens is in direct contact with an edge of the peripheral
lens.

Example 25 includes the subject matter of any one of
Examples 1-24, and optionally, wherein the peripheral dis-
play comprises an other xtz display portion to display an
other xtz portion of the second image, and the peripheral
lens comprises an other xtz lens portion configured to direct
light of the other xtz portion of the second image toward the
pupil at the temporal gaze of the pupil, and wherein the tz
lens portion is between the xtz lens portion and the other xtz
lens portion.

Example 26 includes the subject matter of any one of
Examples 1-25, and optionally, wherein a first part of the cz
lens portion is configured to direct light beams from a first
part of the cz display area to a center of eye rotation
corresponding to the pupil, wherein a second part of the cz
lens portion is configured to direct light beams from a
second part of the cz display area to a point defined based on
a position of the pupil at the straight gaze angle, wherein the
xcz lens portion is configured to direct light beams from the
xcz display area to a point defined based on a position of the
pupil at the nasal gaze angle, and wherein the first part of the
cz lens portion is between the xcz lens portion and the
second part of the cz lens portion.

Example 27 includes the subject matter of any one of any
one of Examples 1-26, and optionally, wherein the tz lens
portion is configured to direct light beams from the tz
display area to a point defined based on a position of the
pupil at the straight gaze angle, and wherein the xtz lens
portion is configured to direct light beams from the xtz
display area to a center of eye rotation corresponding to the
pupil.

Example 28 includes the subject matter of Example 27,
and optionally, wherein the peripheral lens comprises an
other xtz lens portion configured to direct light beams from
an other xtz display area of the peripheral display to a point
defined based on a position of the pupil at the temporal gaze
angle, and wherein the tz lens portion is between the xtz lens
portion and the other xtz lens portion.

Example 29 includes the subject matter of any one of
Examples 1-28, and optionally, wherein a top part and a
bottom part of the central lens are configured to direct light
beams from the cz display area to a point defined based on
a position of the pupil at the straight gaze angle, and wherein
a middle part of the central lens, which is between the top
part and the bottom part of the central lens, is configured to
direct light beams from the cz display area to a center of eye
rotation corresponding to the pupil.

Example 30 includes the subject matter of any one of
Examples 1-29, and optionally, wherein each of the central
FoV and the temporal FoV comprises a horizontal FoV of at
least 45 degrees.

Example 31 includes the subject matter of any one of
Examples 1-30, and optionally, wherein each of the central
FoV and the temporal FoV comprises a horizontal FoV of at
least 60 degrees.
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Example 32 includes the subject matter of any one of
Examples 1-31, and optionally, wherein each of the central
FoV and the temporal FoV comprises a horizontal FoV of at
least 70 degrees.

Example 33 includes the subject matter of any one of
Examples 1-32, and optionally, wherein each of the central
FoV and the temporal FoV comprises a horizontal FoV of at
least 80 degrees.

Example 34 includes the subject matter of any one of
Examples 1-33, and optionally, wherein each of the central
FoV and the temporal FoV comprises a vertical FoV of at
least 80 degrees.

Example 35 includes the subject matter of any one of
Examples 1-34, and optionally, wherein the central FoV and
the temporal FoV are configured to form a continuous
horizontal FoV of at least 130 degrees.

Example 36 includes the subject matter of any one of
Examples 1-35, and optionally, wherein the central FoV and
the temporal FoV are configured to form a continuous
horizontal FoV of at least 180 degrees.

Example 37 includes the subject matter of any one of
Examples 1-36, and optionally, wherein at least one lens of
the central lens or the peripheral lens comprises a hybrid
convex-concave lens, the hybrid convex-concave lens is
convex in a display direction and concave in an eye direc-
tion, the hybrid convex-concave lens comprising a central
freeform aspherical lens portion, and a peripheral freeform
Fresnel lens portion.

Example 38 includes the subject matter of Example 37,
and optionally, wherein the hybrid convex-concave lens is
formed of a material having a ratio of at least 0.03 between
a refraction index and an abbe number.

Example 39 includes the subject matter of any one of
Examples 1-38, and optionally, comprising a first HMD to
display a first image scene to a first pupil of the user, the first
HMD display comprising the central display, the central
lens, the peripheral display, and the peripheral lens; and a
second HMD to display a second image scene to a second
pupil of the user, the second HMD display comprising an
other central display, an other central lens, an other periph-
eral display, and an other peripheral lens.

Example 40 includes a method of controlling an HMD
device according to any one of Examples 1-39, the method
comprising causing a central display of the HMD to display
a first image based on image information of an image scene;
and causing a peripheral display of the HMD to display a
second image based on the image information of the image
scene.

Example 41 includes the subject matter of Example 40,
and optionally, wherein causing the central display to dis-
play the first image comprises causing the central display to
display a cz portion of the first image including a first
duplicated portion of the image scene.

Example 42 includes the subject matter of Example 40 or
41, and optionally, wherein causing the central display to
display the first image comprises causing the central display
to display an xcz portion of the first image including a
second duplicated portion of the image scene.

Example 43 includes the subject matter of any one of
Examples 40-42, and optionally, wherein causing the periph-
eral display to display the second image comprises causing
the peripheral display to display a tz portion of the second
image including the second duplicated portion of the image
scene.

Example 44 includes the subject matter of any one of
Examples 40-43, and optionally, wherein causing the periph-
eral display to display the second image comprises causing
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the peripheral display to display an xtz portion of the second
image including the first duplicated portion of the image
scene

Example 45 includes an apparatus comprising means for
executing any of the described operations of Examples 1-44.

Example 46 includes a product comprising one or more
tangible computer-readable non-transitory storage media
comprising computer-executable instructions operable to,
when executed by at least one processor, enable the at least
one processor to cause an HMD device to perform any of the
described operations of Examples 1-44.

Example 47 includes an apparatus comprising: a memory
interface; and processing circuitry configured to: perform
any of the described operations of Examples 1-44.

Example 48 includes a method comprising any of the
described operations of Examples 1-44.

Functions, operations, components and/or features
described herein with reference to one or more aspects, may
be combined with, or may be utilized in combination with,
one or more other functions, operations, components and/or
features described herein with reference to one or more other
aspects, or vice versa.

While certain features have been illustrated and described
herein, many modifications, substitutions, changes, and
equivalents may occur to those skilled in the art. It is,
therefore, to be understood that the appended claims are
intended to cover all such modifications and changes as fall
within the true spirit of the disclosure.

What is claimed is:

1. A Head Mounted Display (HMD) device comprising:

a central display configured to display a first image in a
central Field of View (FoV) based on an image scene
to be displayed to a pupil of a user, the central display
comprising a central zone (cz) display area to display a
cz portion of the first image, and an extended central
zone (xcz) display area to display an xcz portion of the
first image, the xcz display area adjacent to an end of
the cz display area, the xcz display area configured as
an extension to the cz display area in a direction away
from a nose of the user;

a central lens configured to direct light of the first image
toward the pupil of the user, the central lens comprising
a cz lens portion, and an xcz lens portion adjacent to an
end of the cz lens portion, the cz lens portion config-
ured to direct light of the cz portion of the first image
toward the pupil at a straight gaze of the pupil, at a
nasal gaze of the pupil and at a temporal gaze of the
pupil, the xcz lens portion configured to direct light of
the xcz portion of the first image toward the pupil at the
nasal gaze of the pupil;

a peripheral display configured to display a second image
in a temporal FoV based on the image scene, the
peripheral display comprising a temporal zone (1z)
display area to display a tz portion of the second image,
and an extended temporal zone (xtz) display area to
display an xtz portion of the second image, the xtz
display area adjacent to an end of the tz display area,
the xtz display area configured as an extension to the tz
display area in a direction toward the nose of the user;
and

a peripheral lens configured to direct light of the second
image toward the pupil of the user, the peripheral lens
is tilted at a tilt angle relative to the central lens, the
peripheral lens comprising a tz lens portion, and an xtz
lens portion adjacent to an end of the tz lens portion, the
tz lens portion configured to direct light of the tz
portion of the second image toward the pupil at the
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straight gaze of the pupil, at the temporal gaze of the
pupil and at the nasal gaze of the pupil, the xtz lens
portion configured to direct light of the xtz portion of
the second image toward the pupil at the temporal gaze
of the pupil,
wherein the xcz lens portion is configured to refract a
chief ray from the xcz display area such that the chief
ray from the xcz display area is to be combined with a
chief ray from the tz display area, which is refracted by
the tz lens portion, to form a combined nasal-gaze chief
ray toward the pupil at the nasal gaze of the pupil,

wherein the xtz lens portion is configured to refract a chief
ray from the xtz display area such that the chief ray
from the xtz display area is to be combined with a chief
ray from the cz display area, which is refracted by the
cz lens portion, to form a combined temporal-gaze
chief ray toward the pupil at the temporal gaze of the
pupil.

2. The HMD device of claim 1 configured to provide a
continuous nasal gaze FoV to the pupil at the nasal gaze, the
continuous nasal gaze FoV comprising the light of the cz
portion of the first image directed by the cz lens portion
toward the pupil at the nasal gaze, the light of the xcz portion
of'the first image directed by the xcz lens portion toward the
pupil at the nasal gaze, and the light of the tz portion of the
second image directed by the tz lens portion toward the pupil
at the nasal gaze.

3. The HMD device of claim 1 configured to provide a
continuous temporal gaze FoV to the pupil at the temporal
gaze, the continuous temporal gaze FoV comprising the light
of the cz portion of the first image directed by the cz lens
portion toward the pupil at the temporal gaze, the light of the
xtz portion of the second image directed by the xtz lens
portion toward the pupil at the temporal gaze, and the light
of the tz portion of the second image directed by the tz lens
portion toward the pupil at the temporal gaze.

4. The HMD device of claim 1 comprising a controller
configured to cause the central display to display the first
image based on image information of the image scene, and
to cause the peripheral display to display the second image
based on the image information of the image scene.

5. The HMD device of claim 4, wherein the controller is
configured to:

cause the central display to:

display the cz portion of the first image comprising a
first duplicated portion of the image scene; and

display the xcz portion of the first image comprising a
second duplicated portion of the image scene; and

cause the peripheral display to:

display the tz portion of the second image comprising
the second duplicated portion of the image scene;
and

display the xtz portion of the second image comprising
the first duplicated portion of the image scene.

6. The HMD device of claim 5, wherein at least one of the
second duplicated portion of the image scene or the first
duplicated portion of the image scene covers a FoV of at
least 5 degrees.

7. The HMD device of claim 5, wherein the controller is
configured to determine a size of at least one of the first
duplicated portion of the image scene or the second dupli-
cated portion of the image scene based on at least one of an
eye-relief setting or a tilt angle of the HMD device.

8. The HMD device of claim 5, wherein the controller is
configured to determine a size of the second duplicated
portion of the image scene based on a central lens-display
distance between the central lens and the central display.
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9. The HMD device of claim 5, wherein the controller is
configured to determine a size of the first duplicated portion
of the image scene based on a peripheral lens-display
distance between the peripheral lens and the peripheral
display.

10. The HMD device of claim 4, wherein the controller is
configured to:

based on identification of the straight gaze of the pupil,

generate the second image by applying a first trapezoi-
dal pre-distortion to a portion of the image scene to be
displayed by the peripheral display; and

based on identification of a non-straight gaze of the pupil,

generate the second image by applying a second trap-
ezoidal pre-distortion to the portion of the image scene
to be displayed by the peripheral display, wherein the
second trapezoidal pre-distortion is different from the
first trapezoidal pre-distortion.

11. The HMD device of claim 4, wherein the controller is
configured to determine a pre-distortion based on at least
one of an eye-relief setting of the HMD device, a tilt angle
of the HMD device, or an interpupillary distance (IPD) of
the user, and to apply the pre-distortion to at least one
portion of the image scene, the at least one portion of the
image scene comprising at least one of an image portion to
be displayed by the central display, or an image portion to
be displayed by the peripheral display.

12. The HMD device of claim 4, wherein the controller is
configured to, based on one or more spectral attributes of at
least one of the central lens or the peripheral lens, calibrate
at least one of a color gamut of the first image relative to a
color gamut of the second image or a spatial light intensity
of the first image relative to a spatial light intensity of the
second image.

13. The HMD device of claim 4, wherein the controller is
configured to identify a tilt setting of the tilt angle of the
peripheral lens relative to the central lens, and to determine
a portion of the image scene to be displayed by the periph-
eral display based on the tilt setting.

14. The HMD device of claim 4, wherein the controller is
configured to monitor a gaze angle of the pupil, and to
control an adjustment of the tilt angle of the peripheral lens
relative to the central lens based on the gaze angle of the
pupil.

15. The HMD device of claim 4, wherein the controller is
configured to:

process image information of a cornea over the pupil to

identify a corneal reflection image comprising a com-
bination of the first image from the central display and
the second image from the peripheral display; and
based on the corneal reflection image, adjust at least one
of'the first image displayed by the central display or the
second image displayed by the peripheral display.

16. The HMD device of claim 1 comprising a tilt angle
adjuster configured to adjust the tilt angle of the peripheral
lens relative to the central lens.

17. The HMD device of claim 1, wherein the central lens
is separated from the peripheral lens by a distance of at least
1 millimeter (mm).

18. The HMD device of claim 1, wherein an edge of the
central lens is in direct contact with an edge of the peripheral
lens.

19. The HMD device of claim 1, wherein the peripheral
display comprises an other xtz display area to display an
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other xtz portion of the second image, the other xtz display
area adjacent to an other end of the tz display area, the other
xtz display area configured as another extension to the tz
display area in the direction away from the nose of the user,
wherein the peripheral lens comprises an other xtz lens
portion configured to direct light of the other xtz portion of
the second image toward the pupil at the temporal gaze of
the pupil.

20. The HMD device of claim 1, wherein a first part of the
cz lens portion is configured to direct light beams from a first
part of the cz display area to a center of eye rotation
corresponding to the pupil, wherein a second part of the cz
lens portion is configured to direct light beams from a
second part of the cz display area to a point defined based on
a position of the pupil at the straight gaze angle, wherein the
xcz lens portion is configured to direct light beams from the
xcz display area to a point defined based on a position of the
pupil at the nasal gaze angle, and wherein the first part of the
cz lens portion is between the xcz lens portion and the
second part of the cz lens portion.

21. The HMD device of claim 1, wherein the tz lens
portion is configured to direct light beams from the tz
display area to a point defined based on a position of the
pupil at the straight gaze angle, and wherein the xtz lens
portion is configured to direct light beams from the xtz
display area to a center of eye rotation corresponding to the
pupil.

22. The HMD device of claim 1, wherein a top part and
a bottom part of the central lens are configured to direct light
beams from the cz display area to a point defined based on
a position of the pupil at the straight gaze angle, and wherein
a middle part of the central lens, which is between the top
part and the bottom part of the central lens, is configured to
direct light beams from the cz display area to a center of eye
rotation corresponding to the pupil.

23. The HMD device of claim 1, wherein each of the
central FoV and the temporal FoV comprises a horizontal
FoV of at least 45 degrees.

24. The HMD device of claim 1, wherein the central FoV
and the temporal FoV are configured to form a continuous
horizontal FoV of at least 130 degrees.

25. The HMD device of claim 1, wherein at least one lens
of the central lens or the peripheral lens comprises a hybrid
convex-concave lens, the hybrid convex-concave lens is
convex in a display direction and concave in an eye direc-
tion, the hybrid convex-concave lens comprising a central
freeform aspherical lens portion, and a peripheral freeform
Fresnel lens portion.

26. The HMD device of claim 1 comprising:

a first HMD to display a first image scene to a first pupil
of the user, the first HMD comprising the central
display, the central lens, the peripheral display, and the
peripheral lens; and

a second HMD to display a second image scene to a
second pupil of the user, the second HMD comprising
an other central display, an other central lens, an other
peripheral display, and an other peripheral lens.
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