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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates generally to opti-
cal system testing, and more particularly to performance
characterization of multi configuration near eye displays.

BACKGROUND

[0002] Much attention has been paid recently to near
eye displays (NED), specifically virtual reality (VR) and
augmented reality (AR) viewers, particularly in the area
of consumer electronics. A NED produces virtual image
or scene, when positioned in front of and near the eye.
In some NEDs, the virtual scenes are binocularly posi-
tioned in front of the left and right eyes so that the virtual
scenes are perceived by human stereoscopic vision as
three-dimensional scenes. In AR NEDs, the user of the
NED can see through the optics that are part of the virtual
scene delivery system producing the illumination in the
design eye box and see the virtual scene content super-
imposed on the real world. VR NEDs produce virtual
scenes that cannot be seen through.

[0003] A virtual scene is one that is presented to the
eye of the observer with a lens or other optical convey-
ance so that it is collimated or nearly collimated. These
types of devices are known as Near Eye Displays (NEDs)
and Head Up Displays (HUDs). NEDs and HUDs are
similar in that they both present virtual scenes to the eyes
of display users. NEDs produce a virtual scene of both
digital and analog content with pixel and raster scan dis-
play technologies.

[0004] In HUDs, the virtual scenes are presented to
the display by reflecting off of an optical component or
surface referred to as a beam combiner, positioned at a
distance typically more than 30 cm from the eyes and
not attached to the display head. The HUD beam com-
biner can be thought of a window that when the display
user looks through it, the virtual scene of the presented
information is superimposed on the real world seen
through and on the opposite side of the beam combiner
similar to the AR NEDs.

[0005] The virtual scene from NEDs and HUDs can be
perceived by the eye if the entrance pupil of the eye is
positioned within the area of the NED where the illumi-
nation from the virtual scene is projected by the optical
design of the NED. This area is often referred to as the
design eye box of the NED. The uniformity of the illumi-
nation in the plane of the eye entrance pupil can vary in
intensity depending on the position within the plane
bounded on the outside by the edges of the design eye
box. In some embodiments, a small (for example, 2 to 5
mm) diameter aperture is selected to simulate the en-
trance aperture pupil of the eye.

[0006] As NEDs transition from novelties to main-
stream products, achieving dependable and predictable
performance will become increasingly critical. For con-
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sumer NED systems, this is necessary in order to ensure
aconsistent user experience, and to guarantee that prod-
ucts reliably meet both cosmetic and performance stand-
ards that are congruent with the manufacturer’s brand
identity. For commercial NEDs, particularly those for av-
ionics and military uses, achieving a specified perform-
ance level is often critical to the correct functioning of the
device in its application.

[0007] However, a lag in NED testing capabilities oc-
curs because the optical systems employed in these de-
vices, and the way they are utilized by the viewer, are
both somewhatunique. As aresult, traditional optical me-
trology equipment cannot be simply adapted to the de-
mands of NED testing and thus a new approach is nec-
essary.

[0008] AlINEDs include three essential elements. The
first is a display or source of some type, which generates
light or a scene. The second is an optical system which
projects the light into the viewer’'s eye(s). These optics
are necessary because most people cannot comfortably
focus on an object which appears to be close (e.g. less
than two inches) to the eye. Thus, the optics create a
virtual scene of the display source which appears to be
at asufficientdistance for easy accommodation, and also
allows for stereoscopic scene fusion if the device pro-
vides a 3D scene. Furthermore, the optics may combine
the display output with a view of the actual scene sur-
rounding the user (AR), or entirely block off any view of
the true environment (VR). The final componentof a NED
is the mechanics to hold the first two elements on, or in
front of, the viewer's head and position them properly
with respect to the user’s eyes.

[0009] There are already quite a number of different
design forms for NEDs in use or in development. These
vary substantially in terms of the technology used for
scene generation and the configuration of their optics.
Nevertheless, whatever the underlying design for a par-
ticular NED, the combined output of the display and optics
can be characterized by a few key parameters.

[0010] Exit pupil is the area of the region of the volume
or area of light formed by the NED optics. If the eye is
placed anywhere within the exit pupil, it will see the entire
field of view of the display scene or image. In some em-
bodiments, the exit pupil is in the range of 15 to 20 mm
wide, since this size provides for some tolerance in the
placement of the eye relative to the optics, and also al-
lows for the variations in inter-pupillary distance which
naturally occur in the population.

[0011] Eye box, (e.g., ISO9241-302 &-305 defined as
Qualified Viewing Space) is a volume that contains the
NED exit pupil and extends back towards the eye as well
as forward toward the NED device. If the eye is placed
anywhere within the eye box, the viewer will see entire
the field of view of the display. Eye relief refers to the
distance from the exit pupil to the nearest surface of the
NED optics. In some embodiments, eye reliefis designed
to be large enough (>20 mm) to allow space for the eyes
of users who wear eyeglasses to access this point. Field
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of view (FOV) is the horizontal and vertical angle, which
the display appears to subtend as seen by the viewer's
eye.

[0012] The optical parameters most typically meas-
ured for NEDs and for most types of displays include
output spatial uniformity, contrast ratio and absolute lu-
minance and color accuracy. For larger displays, such
as flat panel displays and projectors, uniformity is tradi-
tionally measured using an imaging colorimeter or some
other type of calibrated, camera based apparatus. Abso-
lute luminance and color is usually measured using a
spectroradiometer with narrow field of view collecting op-
tics (e.g. a telescope).

[0013] For optical radiance measurements in a radi-
ometer or spectroradiometer, focusing optics (objective
lens) and a measurement area defining aperture (field
stop) assures that a specific area on a surface, for ex-
ample, an area of pixels in a device under test such as
a liquid crystal display, is isolated for measurement. The
defined measurement area, seen in a view finder by a
view finder image sensor is the same as that to which
the radiometer image sensor is responding. For precise
spectroradiometric measurements of the virtual scene in
NEDs and HUDs, the objective lens entrance pupil diam-
eter needs to be smaller than the projected illumination
area that the display users eye is to be positioned for
optimum performance of the display (design eye position)
and in some cases smaller than the typical human eye
iris. The center of the entrance pupil also needs to be
located at the display design eye position. Selecting dif-
ferent areas of the virtual display scene field of view re-
quires the angular pointing of the spectroradiometer with
only pivot motion of the entrance pupil relative to the de-
sign eye position.

[0014] However, itis not practical in the radiometer art
to provide some manner in which a user can see from
the viewpoint of the radiometer image sensor, without
utilizing a view finder. Means are needed for assuring
that what the view finder sees is substantially identical
to what the radiometer image sensor is responding to. If
the images seen by the view finder and the radiometer
image sensor do not correspond, the radiometer output
may be inaccurate and meaningless. An apparatus for
performing such a function is described in the United
States Patent Number 3,813,172, the entire contents of
which is hereby expressly incorporated by reference. In
that apparatus, an objective lens is focused on a surface
and focused on to a beam splitting aperture wheel. A
portion of the focused light is directed to an opto-mechan-
ical view finder, and the light directed through the aper-
ture is delivered to a radiometer photo sensor. This ra-
diometer illustrates principles utilized in maintaining the
view seen by the view finder in registration with the view
seen by the photo sensor.

[0015] An individual pixel in a color display may be as
small as 1 arcminute by 1 arcminute In order to take a
measurement from the pixel, the portion of a virtual
scene, i.e., the virtual scene plane on which the radiom-
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eter must focus, must be less than 1 arcminute by 1 arc-
minute. Further, it is unsuitable to use a view finder eye-
piece thathasinadequate resolution to resolve the details
of a single pixel or sub-pixel for the purpose of determin-
ing the depth of contrast produce by the display. Also,
some forms of emitters or reflector have some polarizing
effect on the light therefrom. Certain optical arrange-
ments can exacerbate any effects due to this phenome-
non. Augmented Reality and Virtual Reality displays
present additional challenges in the use of spectroradi-
ometers for luminance and color measurement mainly
resulting from the requirement that the optical collection
system have an entrance pupil smaller than the design
eye box which leads to low light levels available for the
spectral radiance measurement.

[0016] Moreover, the collection optics preserve the
spatial information of the source. This is necessary in
order to make accurate color and luminance (the intensity
of light emitted from a surface per unit area in a given
direction) measurements of any given sub-region of the
display. For example, it might be desirable to measure
the characteristics color and luminance of a single dis-
played character or symbol. Therefore, integrating
spheres, fiber optics, or any other collection optics that
do not preserve angular information are not useful for
this type of NED measurement.

[0017] Another difficulty with employing traditional
spectroradiometer collection optics with most NEDs is
that they are typically too large to fit within the available
space. Specifically, many NEDs are builtinto eyeglasses,
goggles, headsets or helmets, enabling them to be worn
by the user. This means that the collection optics for any
test gear must be able to fit into the same space as the
user’'s head or eyes. Indeed, in many cases, the test sys-
tem should even be small enough to allow it to independ-
ently access the output of the left and right eye positions
of the NED display. Thus, the ideal optics for NED testing
should have a form factor which is about half the size of
the available space for the viewer’s eyes. Other exam-
ples of methods and systems for performance charac-
terization of a near eye display as a device under test by
an optical apparatus are described by documents such
as: WEI CHEN ET AL: "79-2: An Image Quality Evalua-
tion Method of Near-eye Display"”,S | D INTERNATION-
AL SYMPOSIUM. DIGEST OF TECHNICAL PAPERS,
vol. 47, no. 1, 1 May 2016, pages 1060-106; A.R.
PINKUS, C.E. RASH: "A unified taxonomic approach to
the laboratory assessment of visionic devices", SPIE, PO
BOX 10 BELLINGHAM WA 98227-0010 USA, vol. SPIE,
no. 6224, 18 May 2006.

SUMMARY

[0018] Inafirstaspect, the invention provides a method
as claimed in claim 1.
In a second aspect the invention comprises an apparatus
as claimed in claim 5.
Other preferred features and embodiments are disclosed
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in the dependent claims, description and drawing.
BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 is a block diagram of some elements of an
apparatus for performing high precision measure-
ments of absolute color and luminance on NEDs,
according to some embodiments of the disclosed in-
vention.

FIG. 2 is a block diagram of the optical layout of a
measurement apparatus in an auto-collimation
mode, according to some embodiments of the dis-
closed invention.

FIG. 3 is a block diagram of the optical layout of a
measurement apparatusin a viewing and image cap-
ture mode, according to some embodiments of the
disclosed invention.

FIG. 4 is a block diagram of the optical layout of a
measurement apparatus in a flicker measurement
mode, according to some embodiments of the dis-
closed invention.

FIG. 5 is a process flow for performance character-
ization of multi configuration near eye displays, ac-
cording to some embodiments of the disclosed in-
vention.

DETAILED DESCRIPTION

[0020] Although the disclosed invention has been de-
scribed herein mostly as a spectroradiometer for brevity
purposes, the invention is not limited to spectroradiom-
eters and includes radiometers, photometers, imaging
photometers/colorimeters, parallax and modulation
transfer function analyzers used for the performance
characterization of virtual scenes produced by HUDs and
both AR and VR near eye displays.

[0021] In some embodiments, the disclosed invention
combines different configurations of the optical compo-
nents to provide a dimensionally compact size that allows
an adjustable radiometric entrance pupil for example,
less than 7 mm diameter, to be positioned in a design
eye location and be rotated in azimuth and elevation an-
gles about horizontal and vertical axes in the plane of the
radiometric entrance pupil as well as, for example, 10mm
to 13 mm back from the entrance pupil plane assuring
the radiometer measurement is reading the same area
as would be seen by a human eye as it rotates through
the qualified viewing space.

[0022] In some embodiments, the disclosed invention
is a compact optical radiance collection optical/electro
mechanical assembly that is configurable into different
modes of operation and couples to a selection of optical
power and energy sensors. The assembly precisely
measures near eye and head up display image radiance,
spectral radiance, luminance, color, luminance and color
distribution in the virtual scene, angular size of the field
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of display scene, distribution of the light in the qualified
viewing space, parallax within the a single view of a virtual
scene, parallax between the left and right eye views of
the virtual scene, modulation transfer function of the dis-
played virtual scene and through the combining and pres-
entation optics of augmented reality displays, depth of
contrast and flicker.

[0023] In some embodiments, the compact telescope
of the disclosed invention may be roughly viewed as a
video camera system that looks at a surface, or virtual
scene plane to measure light emitted therefrom, whether
by emission, reflection or transmission. The compact tel-
escope includes an objective lens focused on the emitting
surface or virtual scene to produce an image within the
spectroradiometer. The compact telescope delivery op-
tics deliver light from the virtual scene plane to a spec-
troradiometer image sensor of the video camera system.
Delivery optics also delivers light from the scene plane
to a measurement field of view (field stop) aperture. The
delivery optics may include optics for focusing the viewed
area on the image sensor of the video camera system.
The delivery optics may be mounted on rotating axes that
allows its direction to be changed so that the field stop
aperture can be positioned to another point in the virtual
field of view. The delivery optics may be mounted on
translating axes that allows the position of the entrance
pupil to be changed so that the field stop aperture can
be positioned to another point in the virtual field of view
and determine the extents of the design eye box (qualified
viewing space) as a function of a measurand. The deliv-
ery optics may include further components such as a
diffraction grating and/or a photomultiplier tube and/or
photodiodes to provide additional intelligence to be
sensed. The delivery optics may include further compo-
nents such as a photodiode and current or voltage am-
plifier to provide additional intelligence on the flicker char-
acteristics to be sensed.

[0024] FIG. 1 is a block diagram of some elements of
an apparatus 100 for performing high precision meas-
urements of absolute color and luminance on NEDs, ac-
cording to some embodiments of the disclosed invention.
As shown, a compact telescope 106 is coupled to a spec-
troradiometer 104 (for example, CCD detector-based
grating spectroradiometer) via a fiberoptic light guide
bundle 105 to perform measurements of absolute color
and luminance on a NED under test 108. In some em-
bodiments, the compact telescope 106 includes an en-
trance pupil of about 5 mm in diameter. An image cap-
tured by the telescope 106 depicts the precise region of
the NED under test 108 that is measured by the spectro-
radiometer 104. An image captured by the telescope 106
provides information on the uniformity of the luminance
and uniformity of the color of the NED device under test.
Further, an image captured by the telescope provides
information on the resolution of the NED device under
test.

[0025] When performing high absolute accuracy color
and luminance measurements, it's generally desirable to
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look at a small section of the NED, perhaps a single char-
acter or symbol in the display, rather than viewing the
entire display at once. Therefore, it is useful if the size of
the telescope’s field stop, and hence, the optics field-of-
view, can easily be changed in order to vary the size of
the region sampled from the device under test (DUT). A
series of many different area defining measurement ap-
ertures can be manually or automatically inserted at the
field stop of the telescope system to define FOV sizes
of, for example, 5°, 2°, 1°, 0.5°, 0.33° and 0.1°. For ex-
ample, a known aperture wheel or slide mechanism may
be included in the focal plane and include a number of
apertures of varying sizes, one of which is placed in the
light path centered on an axis of the light path. A controller
circuit and associated circuitry (e.g., I/0O, memory and
logic circuits) 102 positions or senses the position of the
selected aperture at the selected measurement aperture
field of view position. The disclosed invention allows the
aperture mechanism to be mounted normal to the light
path so that any adverse effects due to parts of an aper-
ture being outside the focal plane are avoided.

[0026] The compact telescope 106 also includes an
internal video camera view finder (206 in FIG. 2) with an
image sensor plane (204 in FIG. 2) that captures the im-
age of the DUT virtual scene which can be viewed and
stored as part of the controller circuit 102. The captured
image can also be analyzed for uniformity of the DUT
virtual image scene as well as the resolution through a
depth of contrast measurement or Fourier Transform
computation, as part of controller circuit 102. The tele-
scope also includes a graphics generator, as part of a
controller circuit 102, to display test patterns and color
fields on a display device.

[0027] An auto-collimation reference mirror 110, is
large enough to cover the distance between the outer
edges of the left 114 and right 116 eye pupils of the NED
provides a planar mirrored reference surface (PMRS) to
establish two parallel optical axes at the right 114 and
left eye 116 positions of the NED so that any parallax
deviation of the NED can be determined using the integral
autocollimator configuration of the telescope 106.
[0028] A light source 112, for example, a light emitting
diode (LED)-based tunable in color and luminance light
112 provides different light levels and different spectral
power distributions through the use of multiple LEDs of
different wavelengths with individual intensity control for
each LED that are mixed in an optical integrating cavity,
as known in the art. Consequently, the depth of contrast
of the NED can be determined with these simulated real-
world background brightness levels with different spec-
tral power distributions to simulate the different ambient
backgrounds available in the real world that could be vis-
ible through Augmented Reality NEDs.

[0029] In some embodiments, the telescope 106 has
four built in modes of operation. The first mode allows
the operator to align and establish an optical measure-
ment reference axis. The second mode allows the oper-
ator to view and define the measurement area, the third
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mode captures an image of the defined measurement
area and the complete field of view of the viewfinder dig-
ital camera, and the fourth mode acquires a spectrora-
diometric measurement. In some embodiments, a single
command from the user through the circuit controller 102
initiates both image capture and spectroradiometric
measurement modes in rapid succession.

[0030] Insome embodiments, the controller circuit 102
positions each axis of a mechanical multi-axis (e.g., 6
axis) mounting platform 118 attached to the compact tel-
escope 106. This allows for automatic placement of the
compact telescope 106 in different locations relative to
the NED under test 108 left eye position 114 or right eye
position 116 and pointing direction so different areas of
the virtual scene can be aligned with the measurement
aperture. In some embodiments, the compact telescope
106 can be moved back and forward.

[0031] FIG. 2 is a block diagram of the optical layout
of a compact telescope 106 for performing high precision
alignment of the reflex optics 202 optical axis 224 in a
viewing mode, according to some embodiments of the
disclosed invention. In this example, the right part of the
optical axis is blocked by the position of LED 210 pro-
jecting light out through the beamsplitter 208 and the ob-
jective lens 218 to serve as a reference for the alignment
of the reflex optics 202 optical axis 224 and the surface
normal of a Planar Mirror Reference Surface (PMRS)
222 to the surface normal reflectance of the physical dis-
play surface in VR NED measurement applications and
also AR applications.

[0032] In some embodiments, when the apparatus is
being used to perform high precision alignment, reflex
optics 202 are employed in order establish parallel optical
axis for the left and right of the NED that will be imaged
by the telescope 106 that includes a sensor plane 204
at its view finder. To accomplish this, a thin beamsplitter
208 is inserted into the optical path of the telescope. This
enables light from an LED lamp 210, which is also posi-
tioned behind a selectable measurement area defining,
field-of-view (FOV) aperture 212, to project onto the NED
and illuminate the precise area that is being viewed by
the telescope on a display. This illumination, along with
anything displayed on the NED, are then reimaged on to
the telescope sensor plane 204. In some embodiments,
the beamsplitter 208 is positioned at 45 degrees to the
light path and optical axis 224.

[0033] In some embodiments, the beamsplitter 208
may include a transparent polymer films (in some em-
bodiments, 3 to 5 microns thick) supported on a metal
frame having one uncoated surface and one reflection
coated surface, and aligned to provide light in a path nor-
mal to the focal of the sensor plane 204. This form of
beamsplitter provides approximately 50% of the light in
the path to the focal plane, which is adequate for the
video viewfinder digital camera 206 image sensor plane
204 to provide an image of the DUT virtual scene to the
controller circuit 102. The coated surface of the beam-
splitter 208 may be facing the objective lens 218.
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[0034] In some embodiments, the beamsplitter 208
may include a glass plate having one uncoated surface
and one antireflection coated surface, and aligned to pro-
vide light in a path normal to the sensor plane 204. This
form of beamsplitter provides approximately 4% of the
light in the path to the focal plane, which is adequate for
the video viewfinder digital camera 206 image sensor
plane 204 to provide an image of the DUT. In this con-
figuration of the reflex optics 202, the lamp 210 positioned
behind the Field of View aperture 212 projects some per-
centage of light out through the beamsplitter 208, the
objective lens 218 and the entrance pupil 220.

[0035] The remaining percentage of projected light
from the lamp 210 reflects off the beamsplitter 208 down
toward the collimating lens 214 and retroreflector prism
216. This light entering the retroreflector prism 216 pass-
es back through the collimating lens 214 toward the
beamsplitter 208. A portion of this light passes through
the beamsplitter 208 and forms an image 226 of the pro-
jected FOV aperture 212 on the image sensor plane 204
of the viewfinder digital camera 206. This is the FOV ref-
erence image 226 of illuminated FOV aperture 212. In
some embodiments, the compact telescope 106 can be
moved back and forward on the optical axis 224 to meas-
ure any parallax on the DUT.

[0036] When the objective lens 218 is set to infinity
focus relative to the FOV aperture 212 by setting the dis-
tance between the FOV aperture 212 at the focal point
of the objective lens 218, the portion of light that passed
through the beamsplitter 208 projecting out through the
objective lens 218 and entrance pupil 220 to the PMRS
222 is collimated by adjusting the distance between the
objective lens 218 and the FOV aperture 212. Motion
mechanism 234 is able to position the objective lens 218
at different distances from the FOV aperture 212 from
control circuit 236 in the compact telescope 106. Con-
troller circuit 102 is also used as part of the positioning
process of objective lens 218 relative to the position of
the FOV aperture 212. The collimated light is reflected
off of the PMRS 222. When the PMRS 222 surface nor-
mal is parallel to the optical axis 224 defined by the optical
center of the objective lens 218 and the center of the
FOV aperture 212, the reflected light passes back
through the entrance pupil 220, objective lens 218, some
portion reflects off of the beamsplitter 208 and when the
distance of the objective lens 218 is at its focal distance
from the FOV aperture 212, forms the most well defined
image 228 of the FOV aperture 212 on the image sensor
plane 204 of the viewfinder digital camera 206.

[0037] Ifthe surface normal of the PMRS 222 is aligned
to be parallel to the telescope optical axis 224, the image
of the projected FOV aperture 226 will be directly super-
imposed on the image 228 of the FOV aperture 212. Any
angular deviation of the surface normal from the optical
axis will produce an image 228 of the FOV aperture 212
that is offset from the image position of the FOV Refer-
ence Image 226 and the pointing direction of the tele-
scope optical axis 224 can be redirected to the precise
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alignment direction. The pointing direction may be redi-
rected by manual setting of the elevation 230, azimuth
232 mirror angle adjusters and/or the controller circuit
102 positioning the optical axis 224 parallel to the PMRS
222 surface normal with the 6 mechanical axis mounting
platform 118 attached to the compact telescope 106.
[0038] In some embodiments, the FOV measurement
aperture 212 can be interchanged for different diameter
or area measurement apertures either with a manual in-
terchange or with motor 238, by control circuits 236 and
102, moving, for example, a wheel or slide mechanism
that maintains the center location position on and along
the optical axis 224 of each of the different diameter or
area FOV measurement aperture 212.

[0039] FIG. 3 is a block diagram of the optical layout
of ameasurementapparatus in a viewing and image cap-
ture mode, according to some embodiments of the dis-
closed invention. When the disclosed invention is being
used to view and define the measurement area, reflex
optics 202 are employed in order to identify the exact
portion of the NED virtual scene 336 that is to be imaged
by the telescope objective lens 218, reflect off of the
beamsplitter 208 and onto the image sensor plane 204
of viewfinder digital camera 206. The sensor plane is
connected to a display monitor of the controller 102,
which renders an image 340 of the NED virtual scene
336.

[0040] The precise location of the NED virtual scene
336 relative to the FOV measurement aperture 212
needs to be established to know where the measurement
sample is relative to the details in the image 336. To
accomplish this, light from an LED lamp 210, which is
positioned behind a selectable field-of-view (FOV) aper-
ture 212, projects light out toward the beamsplitter 208
along the optical axis 224. This light is reflected from the
rear of the beamsplitter 208 through collimating lens 214
to a corner cube retroreflector (or prism) 216 in order to
return light defining the image of the aperture 212 to the
rear of the beamsplitter. Atleast, 45% of the lightis trans-
mitted toward the view finder 206 image sensor plane
204. The collimating lens 214 is positioned at the focal
length distance from aperture 212. This collimates the
light entering corner cube retroreflector 216 which retro-
reflects light back through the collimating lens 214.
[0041] At least 45% percent of this retroreflected light
passes through the beamsplitter 208 and forms animage
226 of the measurement FOV aperture 212 at the image
sensor plane 204 of the viewfinder digital camera 206.
Because the same beamsplitter directs both the light from
the NED virtual scene 336 to form image 340 and light
from the lamp 210 to form image of the aperture 212, the
illuminated image 226 of the measurement aperture is
superimposed on the image of the DUT virtual scene
340. The operator can know the precise location that the
measurement aperture 212 will collect light from the NED
virtual scene 336. Any errors in the angle of the beam-
splitter 208 are self-compensating in that if the beam-
splitter pivots or moves, the images of the DUT virtual
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scene 340 and aperture image 226 move together. When
the image 340 of the DUT virtual scene 336 is evaluated
by controller circuit 102 and control circuit 236, the posi-
tion of the objective lens 218 may be adjusted using the
motion mechanism 234 for focus adjustment 234 to verify
that the image 340 of the DUT virtual scene is in sharp
focus.

[0042] When working with AR systems, this function-
ality also facilitates measurement telescope optical axis
224 alignment to the optical axis 338 of the DUT, as well
as the measurement of parallax, between the left 114
andrighteye 116 sides ofthe NED DUT 108. Accordingly,
a mirror 222(110) with elevation angle adjustment 230
and azimuth angle adjustment 232 which is large enough
to cover both the left and right sides of the NED is placed
where the virtual scene appears. Then the reflex optics
202 is used as an autocollimator, and the mirror angle is
adjusted manually or automatically by adjusting the reflex
optics 202 optical axis 224 through the controller circuit
102 with the multi-axis mechanical axis motion apparatus
118, until the beam is returned on itself. This means that
the mirror 222(110) is perpendicular to the telescope op-
tical axis 224 and provides a virtual object for the tele-
scope (its own projected field stop) which appears to be
at infinity (collimated) when the objective lens 218 is po-
sitioned with motion mechanism 234 at the objective lens
218 focal distance from the FOV aperture 212.

[0043] Ifthe compacttelescope 106 is moved manually
or automatically from one eye position 114 of the NED
108 tothe other eye position 116, in a plane perpendicular
to the DUT optical axis 338, the autocollimator shows
whether there has been any change in pointing angle by
a shift of the position of image 226 of the FOV aperture
212 relative to the position of the image 340 of the NED
virtual scene. Also, ifthe compacttelescope 106 is moved
adistance corresponding to the separation of the left and
right eye displays in the NED, the measurement appa-
ratus can determine the shift in pointing direction (or par-
allax) of any element that appears in the displays relative
to the PMRS 222 surface normal.

[0044] In some embodiments with the opto-mechani-
cal configuration shown in FIG. 3, the electrical power to
the LED 210 can be switched off (with a switch) by circuit
controller 102 connected to control circuit 236 or manu-
ally locally at the compact telescope 106 with the control
circuit 236 to eliminate the image of the measurement
aperture 226 from the image sensor plane 204 of the
viewfinder digital camera 206, leaving the image of the
DUT virtual scene 340. This image 340 of the virtual
scene 336 formed on the image sensor 204 of the view-
finder 206 is captured by the controller circuit 102. In
some embodiments, the controller circuit 102 generates
test patterns for the DUT so that various image patterns
can be analyze for the DUT performance characteriza-
tion.

[0045] In some embodiments, the image sensor 206
includes a CMOS integrated circuit package with an array
of 3008 rows and 4112 columns of individual light sen-
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sors. When the sensors are exposed to light they produce
a charge that is proportional to the light level received.
The viewfinder digital camera 206 and control circuit 102
collects the charge form each of the individual sensors
and produce a tabular array of numerical data with each
element of the detector sensor array corresponding to
an individual numerical data value. The sub section of
this tabular array of numerical values can be identified
as the area of the virtual image scene also measured by
the spectroradiometer after passing through the FOV
measurement aperture 212. The measured spectroradi-
ometer data over the visible spectral region is stored in
control circuit 102 is analyzed by applying, for example,
the ISO/CIE 11664-3:2012 Standard Colorimetric Ob-
server weighting functions to the spectroradiometer data.
[0046] By applying the Standard Colorimetric Observ-
er functions to the spectroradiometer measurement data
the luminance and color within the area of FOV meas-
urement aperture 212 can be determined and the color
of the sub section of the image 340 of the DUT virtual
scene 336 formed on the image sensor 204 of the view-
finder 206 defined by the image 226 of the FOV meas-
urement aperture 212. The luminance and color in the
sub area of the image sensor 204 defined by the image
226 is then correlated to the tabular numerical data cor-
responding to the average of all the individual light sen-
sors in this sub area. The quotient between the numerical
values outside the sub area and the average in the sub
area is computed for each value in the tabular array. The
tabular array of quotient values over the 3008 rows and
4112 columns of individual light sensor positions when
multiplied by the luminance or color values creates a map
of the uniformity of or color of the image 340.

[0047] In asimilar way, the Modulation Contrast Func-
tion (MTF) of the DUT image scene 336 can be measured
from the image 340. The circuit controller can display
different scenes and test patterns on the DUT NED 108.
A test pattern of vertical lines as the display scene 336
produces and image 340 as other display scenes and
produces atabular array of numerical data corresponding
to the luminance over the entire image area of the image
sensor 204. If an alternating pattern of vertical lines with
one line active to 50% of maximum light output level and
the next line setto 0 (zero) light output level vertical lines,
and the light sensor columns are rotationally aligned to
the image of the alternating vertical lines, the resulting
numerical tabular values produced in the control circuit
102 is analyzed to determine the Ratio between the low
luminance values for the 0 light level columns in the nu-
merical tabular data array divided by the 50% maximum
light output luminance values for the 50% light level col-
umns in the numerical tabular data array. This ration is
the depth of modulation contrast ratio of the DUT NED
for that line pair frequency. A similar process can be re-
peated for 2 lines on, two lines off, three lines on, 3 lines
on and so on to create a set of contrast values that when
taken together characterize the MTF of the display pro-
ducing a scene the depth of modulation contrast as a
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function of the line pair frequency. A similar process is
repeated but with horizontal lines replacing the vertical
lines.

[0048] Accordingly, display performance characteris-
tics such as luminance and color uniformity and resolu-
tion can be determined over the complete field of view
from the image 340 of the DUT virtual scene 336 captured
by the Image sensor plane 204 of the video viewfinder
digital camera 206. A full software suite ofimage analysis
tools in controller circuit 102 is used to determine metrics
such as color uniformity, luminance uniformity, image
contrast, MTF and chromatic aberration. These quanti-
ties can then be correlated with the subsequent or pre-
vious spectroradiometric measurement defined by the
area 226 of image sensor 204 pixels. Analysis of the
spectroradiometer data yields luminance and color of the
light from the NED contained within the telescope FOV.
[0049] FIG. 4 is a block diagram of the optical layout
of a measurement apparatus in a measurement mode,
according to some embodiments of the disclosed inven-
tion. As depicted, the compact telescope 106 and the
reflex optics 202 in FIG. 3 are modified by a first motor
402 moving beamsplitter 208 and by a second motor 404
moving LED 210 out of the optical path along the optical
axis 224 using the control circuit 236 and the controller
102 so that none of the light passing through FOV aper-
ture 212 is blocked from reaching lens 406 and lens 408.
This leaves the entrance pupil 220, objective lens 218
and FOV measurement aperture 212 in the same position
and orientation relative to the DUT virtual scene 336 com-
pletely unchanged.

[0050] As shown, light from the virtual image of the
NED 336 enters an entrance pupil 220 from the left and
is imaged by the objective lens 218 onto the FOV meas-
urement aperture 212. A portion of NED virtual scene
image light passes through the FOV measurement ap-
erture 212 and collected by relay lens 406 and lens 408
into a spatial mixer 410. In some embodiments, the spa-
tial mixer assures that illuminated subareas of the en-
trance pupil 220 which pass through the objective lens
218 and pass through the FOV measurement 212 aper-
ture provide a uniform illumination of the spectroradiom-
eter input 412 and hence a uniform measurement of ra-
diance of the DUT virtual image 336, for any location of
the illuminate sub area of the entrance pupil 220.
[0051] The output from the spatial mixer 410 enters
the end of a fiber optic light guide 412, which transfers
the light to the spectroradiometer 104.

[0052] The relay lenses 406 and 408 are of sufficient
diameter to collect all light passing through any of the
selectable FOV measurement field apertures 212 and
deliver it to entry surface of the spatial mixer 410. An
additional function of the relay lenses 406 and 408 is to
image the entrance pupil aperture 220 into spatial mixer
410 that spatially decouples the individual fibers in the
fiber optic light guide 412 from the entrance pupil 220.
The spatial mixer 410 is useful especially when the en-
trance pupil 220 is not uniformly filled by the illumination
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in the design eye box of the NED DUT.

[0053] FIG. 5is a process flow for performance char-
acterization of multi configuration near eye displays, ac-
cording to some embodiments of the disclosed invention.
In these embodiments, the invention determines the po-
sition of the virtual image of the field stop relative to the
image of the object or virtual image being measured and
then performs spectroradiometric measurement on the
captured image of the defined measurement area. As
shownin block 550, an optical axis of the optics apparatus
is aligned with an optical axis of the DUT to establish an
optical measurement axis. In some embodiments, this
alignment process includes superimposing a first image
of a field-of-view (FOV) aperture reflected from a beam-
splitter that is collimated and reflected back onto the
beamsplitter onto a second image of the FOV aperture,
back illuminated by a lamp, projected onto the DUT and
reflected back onto the same beamsplitter. A more de-
tailed of the alignment process including the optical com-
ponents is described above with respect to FIGs. 1 and
2. In some embodiments, a 7mm diameter or smaller
entrance pupil of the optics apparatus is positioned within
the design eye box (qualified viewing space) of a near
eye display device under test.

[0054] Inblock 552, a measurement area is defined on
a virtual image of the DUT. This defined measurement
area viewed in a view finder of for example, a viewfinder
digital camera, needs to be the same as that to which
the spectroradiometer is responding. In some embodi-
ments, reflex optics are utilized to identify the exact por-
tion of the NED virtual scene that is to be imaged.
[0055] In block 554, adjustments to the pointing direc-
tion are performed to move the captured image of the
defined measurementarea and the complete field of view
of the view finder to establish alignment of the FOV meas-
urement aperture to the image of the DUT virtual image
and selection of the diameter of the FOV measurement
aperture from the selection available, for example, by
respective motors controlled by the controller circuit 102.
Adjustments are made to the position of the objective
lens relative to the FOV measurement aperture to obtain
a sharp focus of the DUT virtual image. This adjustment
establishes the alignment of the FOV measurement ap-
erture to another area within the DUT scene field of view.
Because the same beamsplitter directs both the light from
the DUT virtual image to form the viewfinder image and
light from the lamp to form image of the FOV aperture,
the illuminated image of the FOV aperture is superim-
posed on the image of the DUT virtual image, if not, then
some adjustment needs to be performed as explained
above. Accordingly, the user/operator can know the pre-
cise location that the FOV measurement aperture will
collect light from the NED virtual image and corresponds
to a specific area of sensor elements in the viewfinder
digital camera image sensor which are at known and
stored locations on the image sensor.

[0056] In block 556, the lamp that is back illuminating
the FOV measurement aperture is switched off allowing
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just the image of the DUT virtual image to be seen by the
viewfinder digital camera image sensor. In block 558, an
image of the defined measurement area and a complete
field of view of the viewfinder digital camera is captured.
In some embodiments, the captured image is stored in
a memory of the controller circuit 102 for determination
of depth of contrast and resolution and correlation to the
spectroradiometric data.

[0057] Inblock 560, the (LED)lamp and the beamsplit-
ter are the moved from the optical measurement axis, for
example, by respective motors controlled by the control-
ler circuit 102, so that none of the light passing through
FOV aperture is blocked from reaching the spectroradi-
ometers.

[0058] In block 562, the virtual image of the DUT is
focused onto a spatial mixer so thatilluminated subareas
of the entrance pupil provide a uniform illumination of the
spectroradiometer input. In block 564, the optical radia-
tion from the spatial mixeris collected onto the spectro-
radiometers. In block 566, spectroradiometric measure-
ments are performed on the captured image of the de-
fined measurement area to characterize the performance
of the DUT, as described above. The spectroradiometric
measurements may then be correlated to the rest of the
image sensor area of the DUT image captured and stored
fromthe viewfinder digital camera by the controller circuit.
[0059] It will be recognized by those skilled in the art
that various modifications may be made to the illustrated
and other embodiments of the invention described
above, without departing from the broad inventive scope
thereof. It will be understood therefore that the invention
is not limited to the particular embodiments or arrange-
ments disclosed, but is rather intended to cover any
changes, adaptations or modifications which are within
the scope of the invention as defined by the appended
claims and drawings.

Claims

1. A method for performance characterization of multi
configuration near eye displays as a device under
test (DUT) by an optical apparatus, the optical ap-
paratus including a viewfinder digital camera, the
method comprising:
aligning an optical axis of the optical apparatus with
an optical axis of the DUT (550) to establish an op-
tical measurement axis, wherein the aligning com-
prises:

forming a reference image of a field-of-view
(FOV) measurement aperture illuminated by a
lamp, wherein a first portion of a light illuminated
by the lamp is reflected from a beamsplitter, col-
limated by a collimating lens and reflected back
onto the beamsplitter, and a portion of the colli-
mated light is captured as the reference image
by the viewfinder digital camera,
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forming an actual image of the FOV measure-
ment aperture by projecting a second portion of
the light illuminated by the lamp from the beam-
splitter onto the DUT and reflecting the second
portion of the light by a mirror back onto said
beamsplitter,

projecting a portion of the reflected second por-
tion light onto the viewfinder digital camera by
the beamsplitter, and

capturing the portion of the reflected second por-
tion light by the viewfinder digital camera to form
the actual image of the FOV measurement ap-
erture,

superimposing the reference image of the FOV
measurement aperture and the actual image of
the FOV measurement aperture to align the op-
tical axis of the optical apparatus with the optical
axis of the DUT to establish said optical meas-
urement axis (558) ;

collimating light reflected from the beamsplitter
and reflecting it back towards an image sensor
to form a virtual image of the DUT;

defining a measurement area on the virtual im-
age of the DUT (552) and capturing an image
of the defined measurement area;

performing adjustments to move the captured
image of the defined measurement area and a
complete field of view of the view finder digital
camera (554) to establish alignment of the FOV
measurement aperture to the virtual image of
the DUT, wherein the captured image of the de-
fined measurement area and the complete field
of view of the viewfinder digital camera are both
reflected from said beamsplitter;

turning off the lamp (556) to allow only the virtual
image of the DUT to be seen by the viewfinder
digital camera;

moving the lamp and the beamsplitter from the
optical measurement axis(560) so that none of
the light passing through FOV measurement ap-
erture is blocked from reaching a spectroradi-
ometer;

projecting the virtual image of the DUT onto the
FOV measurement aperture;

focusing an image of an entrance pupil of the
optical apparatus onto a spatial mixer (562);
collecting the virtualimage from the spatial mixer
onto a spectroradiometer (564); and
performing spectroradiometric measurements
on the captured image of the defined measure-
ment area by the spectroradiometer, using the
collected virtual image from the spatial mixer
(566).

The method of claim 1, further comprising correlating
the spectroradiometric measurements to a corre-
sponding measurement area on the DUT virtual im-
age for luminance and color uniformity determina-
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tion.

The method of claim 1, further comprising analyzing
the image DUT virtual for uniformity and resolution
of the DUT virtual image through a depth of contrast
measurement or Fourier Transform computation.

The method of claim 1, wherein superimposing the
first image of the FOV measurement aperture onto
the secondimage of the FOV measurement aperture
is performed by a Planar Mirror Reference Surface
(PMRS).

An apparatus for performance characterization of
multi configuration near eye displays as a device un-
der test (DUT) comprising:

a mirror (222) with elevation angle adjustment
and azimuth angle adjustment positioned per-
pendicular an optical axis of the apparatus;

an objective lens (218) for capturing light from
and projecting light to the DUT;

a lamp (210) for projecting light;

a beamsplitter (208) positioned between the ob-
jective lens and the lamp for reflecting the light
from the lamp;

a collimating and reflective lens(214) for colli-
mating the light reflected from the beamsplitter
and reflecting it back towards an image sensor
having a view finder to form a virtual image of
the DUT;

a field-of-view (FOV) aperture (212) to project
light from the lamp onto the DUT through the
objective lens, wherein the lamp illuminates a
first image of the FOV aperture;

a spatial mixer (410) for spatially decoupling in-
dividual fibers in a fiber optic light guide to direct
the virtual image of the DUT;

a spectroradiometer for receiving the directed
virtual image of the DUT and performing spec-
troradiometric measurements on a captured im-
age of a defined measurement area to charac-
terize the performance of the DUT, using the
directed virtualimage from the spatial mixer; and
a controller circuit (102) for characterizing per-
formance of the DUT based on the spectroradi-
ometric measurements, wherein the firstimage
of the FOV aperture that is reflected from the
beamsplitter, collimated and reflected back onto
the beamsplitter by the collimating and reflective
lens is superimposed onto a second image of
the FOV aperture projected onto the DUT and
is reflected back onto said beamsplitter through
the objective lens to align an optical axis of the
optics apparatus with an optical axis of the DUT
to establish an optical measurement axis.

6. The apparatus of claim 5, wherein the controller cir-
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cuit correlates the spectroradiometric measure-
ments to a corresponding measurement area on the
DUT virtual image for luminance and color uniformity
determination.

The apparatus of claim 5, wherein the controller cir-
cuit analyzes the image DUT virtual for uniformity
and resolution of the DUT virtual image through a
depth of contrast measurement or Fourier Transform
computation.

The apparatus of claim 5, further comprising a mo-
tion mechanism (234) for positioning the objective
lens at different distances from the FOV aperture
wherein the objective lens serves as a reference for
the alignment of the optical axis of the optics appa-
ratus with the optical axis of the DUT.

The apparatus of claim 5, wherein the mirror is a
Planar Mirror Reference Surface (PMRS) (222) for
superimposing an image of a projected FOV aper-
ture on the image of the FOV aperture.

Patentanspriiche

1.

Verfahren zur Leistungscharakterisierung von au-
gennahen Multi-Konfigurations-Displays als Prifling
(Device Under Test, DUT) durch eine optische Vor-
richtung, wobei die optische Vorrichtung eine Su-
cher-Digitalkamera umfasst, wobei das Verfahren
Folgendes umfasst:

Ausrichten einer optischen Achse der optischen
Vorrichtung mit einer optischen Achse des Prif-
lings (550) zum Einrichten einer optischen Mes-
sachse, wobei das Ausrichten Folgendes um-
fasst: Erstellen eines Referenzbildes einer
Sichtfeld-(Field-Of-View, FOV) Messoffnung,
die von einer Lampe beleuchtet wird, wobei ein
erster Teil eines von der Lampe beleuchteten
Lichts von einem Strahlteiler reflektiert, von ei-
ner Kollimationslinse kollimiert und auf den
Strahlteiler zurtickreflektiert wird, und ein Teil
des kollimierten Lichts von der Sucher-Digital-
kamera als Referenzbild erfasst wird,
Erzeugen eines tatsachlichen Bildes der FOV-
Messo6ffnung durch Projizieren eines zweiten
Teils des von der Lampe beleuchteten Lichts
vom Strahlteiler auf den Prifling, und Reflektie-
ren des zweiten Teils des Lichts durch einen
Spiegel zuriick auf den Strahlteiler,

Projizieren eines Teils des reflektierten zweiten
Teils des Lichts auf die Sucher-Digitalkamera
durch den Strahlteiler und

Erfassen des Teils des reflektierten zweiten
Lichtabschnitts durch die Sucher-Digitalkame-
ra, um das tatsachliche Bild der FOV-Messoff-
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nung zu erzeugen,
Uberlagern des Referenzbildes der FOV-Mess-
6ffnung und des tatsachlichen Bildes der FOV-
Messo6ffnung, um die optische Achse der opti-
schen Vorrichtung mit der optischen Achse des
Priflings auszurichten, um die optische Mess-
achse (558) festzulegen;

Kollimieren von vom Strahlteiler reflektiertem
Licht und Zurickreflektieren zu einem Bildsen-
sor, um ein virtuelles Bild des Priiflings zu er-
zeugen;

Definieren eines Messbereichs auf dem virtuel-
len Bild des Priiflings (552) und Erfassen eines
Bildes des definierten Messbereichs;
Durchfilhren von Anpassungen zum Verschie-
ben des aufgenommenen Bildes des definierten
Messbereichs und eines vollstdndigen Sicht-
felds der Sucher-Digitalkamera (554), um die
Ausrichtung der FOV-Messo6ffnung zum virtuel-
len Bild des Priflings herzustellen, wobei das
aufgenommene Bild des definierten Messbe-
reichs und das gesamte Sichtfeld der Sucher-
Digitalkamera beide von dem Strahlteiler reflek-
tiert werden;

Ausschalten der Lampe (556), damit nur das vir-
tuelle Bild des Prflings von der Sucher-Digital-
kamera gesehen werden kann;

Bewegen der Lampe und des Strahlteilers von
der optischen Messachse (560), so dass kein
Licht, das durch die FOV-Messo6ffnung fallt, da-
ran gehindert wird, ein Spektroradiometer zu er-
reichen;

Projizieren des virtuellen Bildes des Priflings
auf die FOV-Messoffnung;

Fokussieren eines Bildes einer Eintrittspupille
der optischen Vorrichtung auf einen raumlichen
Mischer (562);

Sammeln des virtuellen Bildes vom raumlichen
Mischer auf einem Spektroradiometer (564);
und

Durchflihren spektroradiometrischer Messun-
gen an dem vom Spektroradiometer aufgenom-
menen Bild des definierten Messbereichs unter
Verwendung des vom rdumlichen Mischer (566)
gesammelten virtuellen Bildes.

Verfahren nach Anspruch 1, das ferner das Korre-
lieren der spektroradiometrischen Messungen mit
einem entsprechenden Messbereich auf dem virtu-
ellen Bild des Priiflings zur Bestimmung der Lumi-
nanz und FarbgleichmaRigkeit umfasst.

Verfahren nach Anspruch 1, das ferner das Analy-
sieren des virtuellen Bildes des Priflings auf Gleich-
maRigkeit und Auflésung des virtuellen Bildes des
Priflings durch eine Kontrasttiefenmessung oder ei-
ne Fourier-Transformationsberechnung umfasst.
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4. Verfahren nach Anspruch 1, wobei das Uberlagern

des ersten Bildes der FOV-Messo6ffnung mit dem
zweiten Bild der FOV-Messoffnung durch eine
Flachspiegelreferenzfliche (Planar Mirror Refe-
rence Surface, PMRS) durchgefiihrt wird.

Vorrichtung zur Leistungscharakterisierung von au-
gennahen Multi-Konfigurations-Displays als Prifling
(DUT), die Folgendes umfasst:

einen Spiegel (222) mit H6henwinkeleinstellung
und Azimutwinkeleinstellung, die senkrecht zu
einer optischen Achse der Vorrichtung positio-
niert sind;

eine Objektivlinse (218) zum Erfassen von Licht
von und zum Projizieren von Licht zum Prifling;
eine Lampe (210) zum Projizieren von Licht;
einen Strahlteiler (208), der zwischen der Ob-
jektivlinse und der Lampe positioniertist, um das
Licht von der Lampe zu reflektieren;

eine Kollimations- und Reflexionslinse (214)
zum Kollimieren des vom Strahlteiler reflektier-
ten Lichts und zum Zuriickreflektieren zu einem
Bildsensor mit einem Sucher, um ein virtuelles
Bild des Priflings zu erzeugen;

eine Sichtfeld6ffnung (FOV) (212), um Licht von
der Lampe durch die Objektivlinse auf den Prif-
ling zu projizieren, wobei die Lampe ein erstes
Bild der Sichtfeld6ffnung beleuchtet;
einenraumlichen Mischer (410)zum raumlichen
Entkoppeln einzelner Fasern in einem faserop-
tischen Lichtleiter, um das virtuelle Bild des Prf-
lings zu lenken;

ein Spektroradiometer zum Empfangen des ge-
richteten virtuellen Bildes des Priflings und zum
Durchfiihren spektroradiometrischer Messun-
gen an einem aufgenommenen Bild eines defi-
nierten Messbereichs, um die Leistung des Priif-
lings unter Verwendung des gerichteten virtuel-
len Bildes aus dem raumlichen Mischer zu cha-
rakterisieren; und

eine Steuerschaltung (102) zur Charakterisie-
rung der Leistung des Priiflings basierend auf
den spektroradiometrischen Messungen, wobei
das erste Bild der FOV-Offnung, das vom
Strahlteiler reflektiert, kollimiert und von der kol-
limierenden und reflektierenden Linse auf den
Strahlteiler zurtickreflektiert wird, einem zweiten
Bild der auf den Priifling projizierten FOV-Off-
nung Uberlagert wird und durch die Objektivlinse
auf den Strahlteiler zurtickreflektiert wird, um ei-
ne optische Achse der Optikvorrichtung mit ei-
neroptischen Achse des Pruflings auszurichten,
um eine optische Messachse festzulegen.

6. Vorrichtung nach Anspruch 5, wobei die Steuer-

schaltung die spektroradiometrischen Messungen
miteinem entsprechenden Messbereich auf dem vir-
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tuellen Pruflingsbild zur Bestimmung der Luminanz
und FarbgleichmaRigkeit korreliert.

Verfahren nach Anspruch 5, das ferner das Analy-
sieren des virtuellen Bildes des Priflings auf Gleich-
mafigkeit und Auflésung des virtuellen Bildes des
Priflings durch eine Kontrasttiefenmessung oder ei-
ne Fourier-Transformationsberechnung umfasst.

Vorrichtung nach Anspruch 5, die ferner einen Be-
wegungsmechanismus (234) zum Positionieren der
Objektivlinse in unterschiedlichen Abstanden von
der FOV-Offnung umfasst, wobei die Objektivlinse
als Referenz flr die Ausrichtung der optischen Ach-
se der Optikvorrichtung mit der optischen Achse des
Priflings dient.

Vorrichtung nach Anspruch 5, wobei der Spiegel ei-
ne Flachspiegelreferenzflache (PMRS) (222) zum
Uberlagern eines Bildes einer projizierten FOV-Off-
nung auf dem Bild der FOV-Offnung ist.

Revendications

Procédé de caractérisation de la performance de dis-
positifs d’affichage proches de I'ceil a configurations
multiples en tant que DUT (device under test - dis-
positif a tester) par un appareil optique, I'appareil
optique comprenant un appareil photo numérique a
viseur, le procédé comportant les étapes consistant
a:

aligner un axe optique de I'appareil optique sur un
axe optique du DUT (550) pour établir un axe de
mesure optique, dans lequel I'étape consistant a ali-
gner comporte :

I'étape consistant a former une image de réfé-
rence d’'une ouverture de mesure de FOV (field-
of-view - champ de vision) éclairée par une lam-
pe, dans lequel une premiere partie d’'une lumié-
re éclairée par la lampe est réfléchie en prove-
nance d’'un séparateur de faisceau, collimatée
par une lentille de collimation et réfléchie de re-
tour jusque sur le séparateur de faisceau, etune
partie de la lumiere collimatée est capturée en
tant qu'image de référence par I'appareil photo
numérique a viseur,

former une image réelle de I'ouverture de me-
sure de FOV par la projection d’'une deuxieme
partie de la lumiere éclairée parlalampe en pro-
venance du séparateur de faisceau jusque sur
le DUT et par la réflexion de la deuxieme partie
de la lumiére par un miroir de retour jusque sur
ledit séparateur de faisceau,

projeter une partie de la lumiére de la deuxiéme
partie ayant été réfléchie jusque sur I'appareil
photo numérique a viseur par le séparateur de
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faisceau, et

capturer la partie de la lumiére de la deuxieme
partie ayant été réfléchie par I'appareil photo nu-
mérique a viseur pour former I'image réelle de
I'ouverture de mesure de FOV,

superposer I'image de référence de I'ouverture
de mesure de FOV et I'image réelle de I'ouver-
ture de mesure de FOV pour aligner I'axe opti-
que de l'appareil optique sur I'axe optique du
DUT pour établir ledit axe de mesure optique
(558) ;

collimater lalumiére réfléchie en provenance du
séparateur de faisceau et la faire réfléchir de
retour vers un capteur d’image pour former une
image virtuelle du DUT ;

définir une zone de mesure de I'image virtuelle
du DUT (552) et capturer une image de la zone
de mesure définie ;

effectuer des ajustements pour déplacer'image
capturée de la zone de mesure définie et un
champ de vision complet de I'appareil photo nu-
mérique a viseur (554) pour établir I'alignement
de l'ouverture de mesure de FOV par rapport a
'image virtuelle du DUT, dans lequel I'image
capturée de la zone de mesure définie et le
champ de vision complet de I'appareil photo nu-
mérique a viseur sont tous les deux réfléchis en
provenance dudit séparateur de faisceau ;
éteindre la lampe (556) pour permettre a uni-
quement 'image virtuelle du DUT d’étre vue par
I'appareil photo numérique a viseur ;

déplacer la lampe et le séparateur de faisceau
depuis I'axe de mesure optique (560) de telle
sorte qu’aucune lumiére passant au travers de
I'ouverture de mesure de FOV n’est bloquée
pour atteindre un spectroradiomeétre ;

projeter I'image virtuelle du DUT jusque sur
I'ouverture de mesure de FOV ;

diriger une image d’une pupille d’entrée de I'ap-
pareil optique jusque sur un mélangeur spatial
(562) ;

collecter 'image virtuelle en provenance du mé-
langeur spatial jusque sur un spectroradiomeétre
(564) ; et

effectuer des mesures spectroradiométriques
sur 'image capturée de la zone de mesure dé-
finie par le spectroradiometre, en utilisant I'ima-
ge virtuelle collectée en provenance du mélan-
geur spatial (566).

Procédé selon la revendication 1, comportant par
ailleurs I'étape consistant a corréler les mesures
spectroradiométriques par rapport a une zone de
mesure correspondante sur 'image virtuelle du DUT
a des fins de détermination de I'uniformité de la cou-
leur et de la luminance.

Procédé selon la revendication 1, comportant par



23 EP 3 497 423 B1 24

ailleurs I'étape consistant a analyser 'image virtuelle
du DUT en termes d’uniformité et de résolution de
limage virtuelle du DUT par l'intermédiaire d’'une
mesure de profondeur de contraste ou d’un calcul
de transformée de Fourier.

Procédé selon larevendication 1, danslequel I'étape
consistant a superposer la premiére image de
I'ouverture de mesure de FOV sur la deuxiéme ima-
ge de l'ouverture de mesure de FOV est effectuée
par une PMRS (Planar Mirror Reference Surface -
surface de référence de miroir planaire).

Appareil de caractérisation de la performance de dis-
positifs d’affichage proches de I'ceil a configurations
multiples en tant que DUT (device under test - dis-
positif a tester) comportant :

un miroir (222) avec un ajustement de I'angle
d’élévation et un ajustement de I'angle d’azimut
se trouvant de maniére perpendiculaire par rap-
port a un axe optique de I'appareil ;

une lentille de focalisation (218) servant a cap-
turer de la lumiere en provenance du DUT et a
projeter de la lumiére sur celui-ci ;

une lampe (210) servant a projeter de la
lumiére ;

un séparateur de faisceau (208) se trouvant en-
tre la lentille de focalisation et la lampe a des
fins de réflexion de la lumiére en provenance de
la lampe ;

une lentille de collimation et de réflexion (214)
servant a collimater la lumiére réfléchie en pro-
venance du séparateur de faisceau et a la faire
réfléchir de retour vers un capteur d’image ayant
un viseur pour former une image virtuelle du
DUT ;

une ouverture de FOV (field-of-view - champ de
vision) (212) servant a projeter de la lumiére en
provenance de la lampe jusque sur le DUT au
travers de la lentille de focalisation, dans lequel
la lampe éclaire une premiére image de 'ouver-
ture de FOV ;

un mélangeur spatial (410) servant a découpler
de maniére spatiale des fibres individuelles
dans un dispositif de guidage de lumiére a fibres
optiques pour diriger I'image virtuelle du DUT ;
un spectroradiométre servant a recevoir 'image
virtuelle dirigée du DUT et a effectuer des me-
sures spectroradiométriques sur une image
capturée d’'une zone de mesure définie pour ca-
ractériser la performance du DUT, en utilisant
l'image virtuelle dirigée en provenance du mé-
langeur spatial ; et

un circuit de commande (102) servant a carac-
tériser la performance du DUT en se basant sur
les mesures spectroradiométriques, dans le-
quel la premiere image de I'ouverture de FOV
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qui est réfléchie en provenance du séparateur
de faisceau, collimatée et réfléchie de retour jus-
que sur le séparateur de faisceau par la lentille
de collimation et de réflexion est superposée sur
une deuxieme image de I'ouverture de FOV pro-
jetée jusque surle DUT et estréfléchie de retour
jusque sur ledit séparateur de faisceau par la
lentille de focalisation pour aligner un axe opti-
que de l'appareil optique sur un axe optique du
DUT pour établir un axe de mesure optique.

Appareil selon la revendication 5, dans lequel le cir-
cuit de commande corréle les mesures spectrora-
diométriques par rapport a une zone de mesure cor-
respondante sur I'image virtuelle du DUT a des fins
de détermination de I'uniformité de la couleur et de
la luminance.

Appareil selon la revendication 5, dans lequel le cir-
cuit de commande analyse I'image virtuelle du DUT
en termes d’uniformité et de résolution de I'image
virtuelle du DUT par I'intermédiaire d’'une mesure de
profondeur de contraste ou d’un calcul de transfor-
mée de Fourier.

Appareil selon la revendication 5, comportant par
ailleurs un mécanisme de mouvement (234) servant
a positionner la lentille de focalisation a différentes
distances de I'ouverture de FOV, dans lequel la len-
tille de focalisation sert de référence pour I'aligne-
ment de I'axe optique de I'appareil optique sur I'axe
optique du DUT.

Appareil selon la revendication 5, dans lequel le mi-
roir est une PMRS (Planar Mirror Reference Surface
- surface de référence de miroir planaire) (222) ser-
vant a superposer une image d’'une ouverture de
FOV projetée sur 'image de 'ouverture de FOV.
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FIG. 5 550

Aligning an optical axis of the optics apparatus with and .
optical axis of the DUT

552
| Defining a measurement area |__/"—554
| Performing adjustments |—""

556
| Turning off the lamp. |

558

Capturing an image of the defined measurementareaanda | _—
complete field of view of the viewfinder camera 560

Moving the lamp and beamsplitter f

from the optical measurement axis

562
| Focusing the virtual image of the DUT onto a spatial mixer | """ £64
| Collecting the virtual image onto a spectroradiometer |_/'—

566

102598557 1

| Performing a spectroradiometric measurement |
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