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QUAD EMISSIVE DISPLAY

CROSS-REFERENCE TO RELAT.
APPLICATION

T
.

This application claims benefit of U.S. Provisional Patent

Application Ser. No. 61/139,172, filed Mar. 11, 2009, titled
“Quad Emissive Display™, to Pinkus et al., the disclosure of
which 1s expressly incorporated by reference herein.

RIGHTS OF THE GOVERNMEN'T

The 1nvention described herein may be manufactured and
used by or for the Government of the Umted States for all
governmental purposes without the payment of any royalty.

BACKGROUND OF THE INVENTION

The 1nvention relates to an 1maging test system for evalu-
ating the 1maging quality of one or more sensors and more
particularly relates to an emissive display system for evalu-
ating the resolution of multiple sensors.

The resolution of an 1maging system can be used as a
metric to indicate the quality of 1ts imaging. By knowing the
resolution, a level of expected visual performance of the
system can be determined. In recent years, there has been
widespread interest in the 1images created by different types of
sensors, for instance, sensors representing different electro-
magnetic spectral bands. In an effort to enhance the visual
information content of a scene being imaged, the images
created by each sensor are fused together. The underlying
assumption 1s that different spectral bands can provide differ-
ent kinds of visual information content. By fusing the “best”
(most informative) part of each sensor image nto a single
image, one can improve visual performance. Consequently,
visual performance using the fused image may be superior
when compared to visual performance using any one of the
component 1mages used to create the fused 1image.

SUMMARY OF THE INVENTION

According to one aspect of the present invention there 1s
provided a display to test the resolving capability of a plural-
ity of sensors each being responsive to a different range of
clectromagnetic radiation. The display includes a first surface
defining an aperture, a target coupled to the aperture, a second
surface, spaced from the first surface, at least one heating
clement coupled to the second surface, to heat the second
surface, and a controller coupled to the at least one heating
clement to control the temperature of the second surface.

Pursuant to another aspect of the present invention there 1s
provided, an 1maging system to determine the resolving capa-
bility of a plurality of sensors each being responsive to a
different range of eclectromagnet radiation. The system
includes a sensor array having at least four sensors wherein
cach of the sensors 1s capable of resolving a different range of
clectromagnetic radiation. A plurality of light sources provid-
ing a preselected source of color temperature. A display
includes at least a first and a second surface with the second
surface spaced from the first surface. At least one of the first
and second surfaces includes a heater attached thereto to
provide a thermal radiation and the other of the first and
second surfaces includes a preselected color temperature. A
moving assembly 1s coupled to one of the sensor array or the
display to enable adjustment of a distance between the array
and display.
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According to still another aspect of the present invention,
there 1s provided a method for testing the resolving capability
ol at least four 1maging sensors simultaneously. The steps
include spacing a target having cutouts a predetermined dis-
tance from a heated surface, sensing the temperature of the
target and the heated surface, controlling a difference 1n tem-
perature between the sensed temperatures of the target and the
heated surface, 1lluminating the target having cutouts, direct-
ing the four imaging sensors at the 1lluminated display and
receiving at the imaging sensors from the target and the
heated surface visible spectrum, near infrared spectrum, short
wave inirared spectrum, and long wave thermal infrared spec-
trum electromagnetic radiation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a perspective view of components used in
an 1maging system of the present invention.

FIGS. 2A and 2B illustrate blackbody radiation curves of
the light sources of FIG. 1 and the thermal emission of a
heated back plate in FIG. 1.

FIG. 3 illustrates a perspective view of a display of the
present invention having a first target.

FIG. 4 illustrates a different perspective view of a display
ol the present invention having second target.

FIG. 5 1llustrates a sensor array and a display being used 1n
a sensor evaluation facility.

FIG. 6 1s a flow diagram 1llustrating a method for deter-
mining the multispectral capabailities of a plurality of sensors
of the present invention.

DETAILED DESCRIPTION

FIG. 1 illustrates a perspective view of components used in
an 1maging system of the present invention. The present
invention icludes a quad-emissive display for multi-spectral
analysis of a variety of sensors used to 1mage a scene. As
shown 1n FIG. 1, an imaging system 100 includes at least one
sensor 101, being tested, which 1s placed a distance away
from a display 102. The display 102 can emit multiple bands
of spectral energy simultaneously. In particular, the display
102 provides four (quad) different spectral bands simulta-
neously. The four spectral bands include a visible band (0.4 to
0.7 microns), a near infrared band (NIR) (0.7 to 1.0 microns),
a short-wave infrared band (SWIR) (1.0 to 3.0 microns) and a
long-wave infrared band (LWIR) (8.0 to 14.0 microns). The
display 102 includes a first surface 104 and a second surface
106 to provide a resolution pattern 1image to be described later
herein. The first surface 104 can include an opaque, white
plastic surround measuring approximately 61 cm by 61 cm
that has an aperture 108 located in the approximate center of
the surface 104. As illustrated the cutout 108 has a square
configuration measuring 30.5 cm by 30.5 cm. A resolution
target 110 positioned at the cutout 108 which 1s also machined
from opaque, white plastic. The target 110 can be placed flush
with or behind the first surface 104. In addition, the cutout can
be of other dimensions and 1s not restricted to a square con-
figuration.

The second surface 106 of the display 102 1s located a
predetermined distance behind the first surface 104. In one
embodiment, the distance of the second surface 106 1s
approximately 37.5 cm behind the first surface. The second
surface 106 includes a first aluminum plate coupled to a
second aluminum plate with a combined total thickness of
about 9.5 mm. The first plate 1s located at the front and defines
the first surface 106. The front plate 1s painted black. The
second plate or rear plate has mounted to a back surface
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thereot a plurality of heating elements. The rear surface of the
back plate 1s heated to provide a thermal differential between
the target 110, which 1s maintained at ambient room tempera-
ture, and the second surface 106 being heated by the heated
back plate. While the described embodiment includes two
plates for the second surface 106, other numbers of plates,
including one, can be used.

A first light source 112 and a second light source 114
provide 1llumination directed to the front surface of the target
110. Incandescent illumination provided by the first light
source 112 and the second light source 114 provide relatively
uniform electromagnetic energy to the front surface of the
target 110 for the visible, NIR, and SWIR bands. In one
embodiment the first light source 112 and the second light
source 114 clude 2856K incandescent light sources. The
thermal difference between the back plate 106 and the front
stencil target 110 provides the emissive electromagnetic
radiation difference in the 300K blackbody radiation region,
which 1n the present mvention 1s the ambient temperature of
the room, for evaluation of sensors 1n the long wave inirared
LWIR or thermal spectral band. Other ambient temperatures
are within the scope of the present invention. Blackbody
radiation curves of each source spectral band are shown
respectively in FIGS. 2A and 2B.

The light level provided by the light sources 112 and 114
can be monitored by a light sensor 115 mounted to the front
surface 104. The sensor 115 can be coupled to an 1llumination
level monitor 116 which provides an indication of the light
level provided by the light sources. The light level control can
be adjusted to a predetermined light level either manually, for
instance, through a rheostat or coupled to a controller as
would be understood by one skilled in the art. It 1s within the
scope of the invention to control the light level output of the
sources with a feedback system coupled to the illumination
level monitor and to the light sources.

Temperature sensors located on the first surface 104 and
the second surface 106 provide feedback to a temperature
controller 117. The controller 117 1s coupled to a first sensor
118 through an electrical line 120, to a second sensor 122
through an electrical line 124 and to a third sensor 126
through an electrical line 128. Sensors having wireless trans-
mitters can also be used to transmit temperature readings.

The controller 117 maintains a relatively constant tempera-
ture differential between the surface of the target 110 and the
second surface 106. Because the target surface 1s typically at
ambient temperature, the controller 117 can also be coupled
to a plurality of heating elements to maintain a predetermined
temperature differential. A plurality of heating elements 130,
132, 134, and 136 are coupled to the back plate of the second
surface. While four heating elements are shown for purposes
of 1llustration, it 1s preferred to symmetrically place a number
of heating elements about the rear surface of the back plate to
provide a uniformly heated second surface 106. Each of the
heating elements 1s coupled to the controller 117 through a
plurality of electrical lines as 1llustrated. Inputs of a compara-
tor 119 are coupled to sensor 118 and 122 to maintain the
temperature difference at a preselected temperature as
described later. The output of the comparator 1s used to con-
trol the level of heat provided by the heaters as would be
understood by one skilled 1n the art. Other means of control
are within the scope of the present intention.

The controller 117 provides a control current to each of the
individual heaters to create a controllable surface temperature
to the second surface 106. By knowing the ambient tempera-
ture of the first surface 104 and controlling the surface tem-
perature of the second surface 106, a temperature differential
can be provided. The temperature or thermal differential pro-
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vides an energy for a thermal or LWIR band sensor, such as
the sensor 101. In one embodiment, the maximum tempera-
ture differential 1s about 11K (11 degrees C.). Three tempera-
tures can be displayed on a user interface (not shown) coupled
to the controller 117 including: (1) the front surface of the
target or ambient temperature, (2) the second surface or back-
ground temperature, and (3) the differential temperature set-
ting. The user interface can include an LED display located at
the controller 117 or can be a screen coupled to a computer
used to monitor and to control the temperature differential.
The controller can include a microcontroller, a display, an ND
converter to convert analog sensed temperatures to digital
temperatures for microcontroller operations, and associated
control circuitry. A mode switch icludes three positions. A
SET position allows the user to select/change the differential
temperature. A center position 1s used as a standby position. A
RUN position activates and maintains the temperature of the
rear surface. Two LEDs can be used to indicate power and
thermal heater on conditions. A flow diagram, discussed later
in F1G. 6, 1s embodied 1n software resident on memory asso-
ciated with the microcontroller. Closed loop control can used
to maintain the temperature differential between the ambient
temperature of the front surface 104 and the back surface 106.

FIG. 3 illustrates a perspective view of the display 102
including the first surface 104 supporting the target 110 both
of which are spaced from the second surface 106. A support
frame 300 can include a plurality of structural components
disposed to form a hexahedron where the first surface 104 1s
attached a front portion of the frame and the second surface 1s
attached to a rear portion of the frame. The frame 300 is
supported by a stand 302 to provide elevation of the target 108
to a predetermined height and transportability. As 1llustrated,
s1x sides are open to enable precise control of the temperature
differential between the first surface 104 and the second sur-
face 106. Cables 115,120, 124 and 128 can be bound together
for routing to the frame and to keep such cables from 1nter-
tering with the energy transmission between the second sur-
tace 106 to the target 110. Other frames types are within the
scope of the mvention including closed structures as long as
the temperature differential can be controlled to a steady
state.

FIG. 4 1illustrates an alternative perspective view of the
display 102 including a different type of target 400. The
aperture 108 can accept any number of different types of
targets depending on the type of sensor attributes being inves-
tigated. A target pattern 1s cut from a sheet of white reflecting
(visible, near IR, and short wave IR) material such that the
sensor can 1mage a high signal level for the stencil material
and low level signal for the holes 1n the stencil as the black
(non-retlecting in the first three bands) thermal surface. The
thermal sensor (8-14 microns) will see a low (cold) signal
stencil surround with a high (hot) signal visible through the
holes 1n the stencil. In this fashion, a resolution pattern for all
four bands can be provided simultaneously for multi-band
sensor testing and sensor fusion assessment.

As seen 1n FIG. 1, the target 110 1s known as a grating
target. Grating targets can include a predetermined number of
vertically oriented horizontally spaced bars. The bars have
been cut from the stencil material and appear black due to the
surface 106. FIG. 4, however, illustrates a Landolt C target
400. The Landolt C target includes a predetermined letter C
made by creating a cutout of the letter C in the target material.
In the same way, other stencil targets can be fabricated and
supported within the aperture 108. A Landolt C, a grating
pattern (si1x cycles), and several triangle targets have been
tabricated in stencil form. Landolt C patterns and tri-bar
targets have been used to assess 1mage intensifier tubes in







