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Calculate horizontal and vertical pixel
ratios between imaging device and
21

infrared optical readout camera

Define composite pixels along
focal plane array of the imaging device
based on horizontal and vertical ratios
>

<
22

Capture one or more frames

having an image therein with
23

an infrared optical readout camera

Calculate the intensity of each composite
<
pixel based upon the intensities of the pixels
comprising the composite pixel for each frame 24
>

25

Reconstruct each frame with image
so that each pixel within a
composite pixel has the same intensity
Reconstruct selected frames by averaging

\

the corresponding composite pixels between
two or more frames (optional)

Communicate reconstructed frames

27

to image viewing device

Fig. 6
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NOISE REDUCTION METHOD FOR
IMAGING DEVICES

infrared detection array 3 includes a focal plane array 11 of

micro-cantilever pixels 13 Which is mechanically responsive
to the thermal loading caused by the infrared rays. Within the
back end of the apparatus, micro-cantilever pixels 13 re?ect
the incident light 9 from a visible light source 8, one example
being a light emitting diode (LED), so that the re?ected light
10 passes through the ?rst lens system 4 Which compresses
the re?ected light 10 alloWing it to pass through a hole along
the aperture plate 5. The re?ected light 10 then passes through
a second lens system 6 Which expands the re?ected light 10 so
as to impinge a focal plane array 12 of receptor pixels 14

CROSS REFERENCE TO RELATED
APPLICATIONS
None.
FEDERALLY SPONSORED RESEARCH AND
DEVELOPMENT
None.

Within the imager 7, examples being a complementary metal
oxide semiconductor (CMOS) device or charged-coupled
BACKGROUND OF THE INVENTION

device (CCD). Thereafter, the resultant image is communi
cated to a video display device.
LoW-cost CMOS or CCD imagers 7 facilitate a signi?

1. Field of the Invention
The present invention generally relates to a method for

cantly larger number of receptor pixels 14 than the number of

reducing the noise equivalent temperature difference (NETD)
associated With imaging devices including a focal plane array
of micro-cantilevers and a charged-coupled device (CCD) or

20

a complementary metal oxide semiconductor (CMOS)

imager, Wherein the pixel density Within the imager is greater
than the number of micro-cantilevers Within the camera.

2. Description of the Related Art
Traditional thermal cameras employ the thermo-electric
effect to detect infrared (IR) signals via either current or

25

voltage changes resulting from the temperature rise Within a
pixilated semiconductor. HoWever, presently knoWn tech
nologies have several major de?ciencies.
The sensitivity of IR cameras is fundamentally limited by
electron thermal noise. Cooling devices are typically
employed to mitigate electron thermal noise so as to improve

micro-cantilever pixels 13 Within the infrared detection array
3. As such, ratios of 4-to-1, 9-to-1, 16-to-1 and higher are
possible. FIG. 2 shoWs a schematic representation Wherein
the imaging device has four receptor pixels 14 for every one

micro-cantilever pixel 13.
The system noise Within an imaging device, Which directly
in?uences image quality, is limited by the shot noise inherent
to CMOS and CCD imagers. For example, the RMS (root
mean square) ?uctuation, nrms, of signal electrons caused by
shot noise is equal to \/h, Where n is the number of signal
electrons generated Within the CMOS or CCD Well. As a

function of the total signal, the shot noise <is> is equal to
30

(1)

sensitivity; hoWever, this increases the poWer requirements

(is) =

and bulk of a camera system.

The fabrication of cooled IR cameras is both complex and

35

costly because of the electrical interconnects required
betWeen pixels and integrated scanning readout electronics.

Where <is> can be expressed in terms of a percent (%).

Accordingly, such cameras are too costly for most commer

Shot noise is a critical parameter because it facilitates a

cial applications and too di?icult to scale, thus limiting pixel
density and array siZe Which constrain image resolution. Fur

reduction in the noise equivalent temperature difference
(NETD) for the overall imaging device. NETD is the ratio of
system noise to system responsivity, Which is equal to

40

thermore, contact betWeen electrical readout and sensor ele

ments inevitably reduces sensitivity because of thermal signal
leaks.
Uncooled thermal imagers avoid some of the problems of

cooled devices by employing passive thermal bending and
optical readout. Uncooled thermal imagers include bi-mate
rial micro-cantilever devices described by IshiZuya et al. in
US. Pat. No. 6,835,932, Suzuki et al. in US. Pat. No. 6,469,
301, IshiZuya et al. in US. Pat. No. 6,339,219, Thundat et al.
in US. Pat. No. 6,118,124, IshiZuya et al. in US. Pat. No.
6,080,988, and Fisher in US. Pat. No. 5,929,440.
In Suzuki, an array of bi-material micro-cantilevers is
described for infrared imaging based upon the direct conver
sion of an infrared signal to a visible signal. This approach
includes passive sensors Without electrical contacts, thus

(2)
45

Where 91 is the system responsivity With units of percent
50

signal electrons as suggested by the inverse square root
55

the focal plane array Within the CMOS or CCD. This

approach maximiZes n and minimiZes n‘”2 for a given design.
HoWever, the Welt capacity of CMOS or CCD imagers is

devices is highly dependent on optical readout methods and

signal processing algorithms.
60

detector described by IshiZuya et al. (US. Pat. No. 6,339,219)
Which includes an infrared lens system 2, an infrared detec
tion array 3, a ?rst lens system 4, an aperture plate 5, a second
lens system 6, and an imager 7 arranged in the order
described. Within the front end of the apparatus, rays from a
source 1 pass through the infrared lens system 2 and are
thereafter directed onto the infrared detection array 3. The

dependence in Equation (2). Signal electrons are increased by
collecting more of them Within the Well of each pixel along

eliminating both electron thermal noise and pixel-level driv
ing circuitry. HoWever, the sensitivity of this and similar
FIG. 1 shoWs an exemplary bi-material cantilever (BC)

signal change per degree Kelvin change in background tem
perature. Equation (2) clearly shoWs that NETD may be
improved by either decreasing the shot noise (<iS>) or
increasing the responsivity (in) of the detector.
Shot noise may be reduced by increasing the number of

currently limited to approximately 5><105 electrons.
TWo hardWare independent methods, namely, spatial and
temporal averaging, are knoWn Within the art to reduce shot

noise by exploiting the statistical nature of shot noise. Shot
noise has a Poisson distribution in both space and time such
65

that the ?uctuations at each pixel are independent of neigh
boring pixels Within the same frame and independent
betWeen sequential frames for a given pixel.
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Spatial averaging is a numerical method whereby the inten

region of the spectrum not accessible With conventional
CMOS or CCD imagers. The interrogation of each pixel may

sities for a ?xed number of adj acent pixels Within each group

be via pixel re?ection, transmission, refraction, absorption,

are combined, averaged, and assigned to a single pixel Within
the group. The resulting image has a resolution loWered by a
factor of the number of pixels Within the group. For example,
FIG. 3 shoWs a 9-by-9 focal plane array 12 of receptor pixels
14, Wherein each group includes nine pixels With intensities

polarization, or some other optical property that changes With

responsivity of pixels Within the focal plane array.
The present method is not restricted to numerical averag

ing. Other statistical and probabilistic methods understood in

Il-I9 before spatial averaging. After spatial averaging, the

the art are possible to derive a single, representative intensity

numerical average of the group is assigned to the centermost

for the receptor pixels comprising each composite pseudo

pixel or the spatial averaged pixel 15. The resultant image

pixel. These methods include Without limitation calculating

after averaging has a resolution that is one-ninth that before

the median average or a Weighted average based on the inten

averaging. Accordingly, spatial averaging loWers image reso

sity, intensity gradient, and distance from the center pixel or

lution and causes signi?cant loss of image detail.

another factor.

Temporal averaging is another numerical method Whereby
the intensities, I1(tl), Il(t2), and I1(t3) in the example in FIG.

The primary advantage of the present inventive method is
that it reduces the noise equivalent temperature difference
(NETD) associated With an imaging device Without compro

4, for the same pixel are averaged over a ?xed number of

sequential frames and thereafter assigned to the temporal
averaged pixel 1 6 Within one frame. In this method, averaging
may include a combining average, Whereby several frames

mising the resolution and quality of the image captured by the

are averaged to form one neW frame and the other frames are 20

discarded, as shoWn in FIG. 4, or a rolling average, Whereby
each frame is equal to the average of itself and several previ
ous frames. The combining average method reduces the
frame rate by the inverse of the number of frames averaged,

thus effectively sloWing detector speed. The rolling average

CMOS or CCD imager. The combination of m adjacent pixels
yields a composite pseudo-pixel having an effective Well
capacity of mn. Thus shot noise, and hence NETD, is reduced
by a factor of \/m as shoWn in Equation (3) beloW.

NETD :

25

(3)

Rmn

method maintains the original frame rate; hoWever, the suc
cessive averaging of intensities ?lters the image, thus reduc

ing resolution.
Gindele et al. in US. Pat. Nos. 6,718,068 and 6,681,054,
and Smith in UK. Patent No. 2,272,285 describe other noise
reduction methods for digital images. Both methods act as

REFERENCE NUMERALS
30

1 Source

noise “?lters” by attempting to correct the intensity of

2 Infrared lens system

“noisy” pixels via numerical Weighting and averaging

3 Infrared detection array
4 First lens system

approaches based on the intensity of neighboring pixels,
rather than the combination of pixels.
Therefore, What is required is a noise reduction method
Which reduces the noise equivalent temperature difference
(NETD) associated With an imaging device Without compro

35

6 Second lens system

7 Imager
8 Light source

mising the resolution and quality of the image captured by the
CMOS or CCD device.

40

SUMMARY OF INVENTION

An object of the present invention is to provide a noise
reduction method Which reduces the noise equivalent tem
perature difference (NETD) associated With an imaging

device Without compromising the resolution and quality of
the image captured by the CMOS or CCD device.
The inventive method of the present invention includes
calculating a horiZontal pixel ratio and a vertical pixel ratio
based upon a plurality of receptor pixels Within an imager and

5 Aperture plate

45

9 Incident light
10 Re?ected light
11 Focal plane array
12 Focal plane array
13 Micro-cantilever pixel

14 Receptor pixel
15 Spatial averaged pixel
16 Temporal averaged pixel
17 Composite pseudo-pixel
21-27 Step

50

I l-I9 Intensity

Ic Composite intensity

a plurality of micro-cantilever pixels Within an infrared detec
BRIEF DESCRIPTION OF THE DRAWINGS

tion array, de?ning a plurality of composite pseudo-pixels
Within the imager based on the horiZontal and the vertical

pixel ratios so that each composite pseudo-pixel comprises at
least tWo receptor pixels, capturing at least one frame having

55

an image thereon With the infrared detection array and

imager, calculating a composite intensity for each composite
pseudo-pixel based on an intensity for each receptor pixel

Within the composite pseudo-pixel, and reconstructing each

60

pseudo-pixel has the appropriate composite intensity.
The present inventive method is not restricted to bi-mate

imager.

rial micro-cantilever detectors. As such, the method is appli

sivity data is collected by any optical readout system. For
example, the focal plane array may have pixels sensitive to a

Within an optical readout camera and an array of receptor

pixels Within an imager.
FIG. 2 is a schematic diagram shoWing the mapping of
micro-cantilever pixels onto the receptor pixels Within an

frame so that each receptor pixel Within each composite

cable to any detector having a focal plane array Whose respon

The invention Will noW be described in more detail, by Way

of example only, With reference to the accompanying draW
ings, in Which:
FIG. 1 is a schematic diagram shoWing an exemplary imag
ing device including an array of micro-cantilever pixels

65

FIG. 3 is a schematic diagram shoWing a focal plane array

of receptor pixels before and after spatial averaging of inten
sity.

US 7,652,250 B2
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required to properly represent the intensity of pixels about the
boundary of the composite pseudo-pixel 17.
The vertical pixel ratio (v) is equal to

FIG. 4 is a schematic diagram showing a focal plane array

of receptor pixels before and after temporal averaging of

intensity.
FIGS. Sa-Sc are a schematic diagram of one exemplary

VIs/r

embodiment of the present invention showing the mapping of
one micro-cantilever pixel onto four receptor pixels each
having an intensity which are numerically averaged and
assigned to the four receptor pixels within the newly formed

(4)

where s is the number of receptor pixels 14 along the vertical
within the second focal plane array 12 and r is the number of
micro-cantilever pixels 13 along the vertical within the ?rst
focal plane array 11, as shown in FIG. 2. The number of

composite pseudo-pixel.
FIG. 6 is a ?owchart describing the present invention.

receptor pixels 14 along the vertical of the composite pseudo
pixel 17 is equal to the whole number portion of the ratio. The
decimal portion of the vertical pixel ratio (v) represents over
lapping projections from two micro-cantilever pixels 13 onto
a single receptor pixel 14. While it is preferred for the vertical
pixel ratio (v) to be a whole number greater than Zero, frac

DETAILED DESCRIPTION OF THE INVENTION

The present method is applicable to a variety of detectors
including a focal plane array of micro-cantilever pixels 13
sensitive to a spectral region not accessible with CMOS,

tional overlapping is possible between adjacent composite

CCD, or other similar imaging devices, as shown in FIG. 1.

pseudo-pixels 17. It is understood that additional numerical

The responsivity data captured by the micro-cantilever pixels

averaging may be required to properly represent the intensity
of pixels about the boundary of the composite pseudo-pixel
17. Likewise, it is preferred for the horiZontal pixel ratio (h) to

13 is measured by an optical readout system and transferred to
a CMOS or CCD imager 7. Density and resolution of receptor
pixels 14 within the CMOS or CCD imager 7 is greater than
that of the micro-cantilever pixels 13. This arrangement

ensures that the image captured by each micro-cantilever
pixel 13 is transferred to multiple receptor pixels 14. Each
receptor pixel 14 collects photons independently of the other

20

equal the vertical pixel ratio (v) so as to provide square shaped

composite pseudo-pixels 17.
Referring now to FIG. 6, the present invention is described
25

receptor pixels 14.
Referring now to FIGS. 5a-5c, an exemplary schematic for
the present inventive method is shown for a receptor-to-mi
cro-cantilever ratio of 4-to-l. In FIG. 5a, one micro-cantile
ver pixel 13 of many is shown within the focal plane array 11.

In FIG. 5b, the micro-cantilever pixel 13 is siZed to project
onto four receptor pixels 14 within the second focal plane
array 12. Each receptor pixel 14 has an intensity I1, I2, I3, and
I 4 which is collected independently of the other receptor pix
els 14, although resulting from the same micro-cantilever
pixel 13. The four intensities I l-I4 will vary because of statis
tical variations. In FIG. 50, the receptor pixels 14 are com
bined to form a composite pseudo-pixel 17. The intensities
Il-I4 within the four receptor pixels 14 are numerically aver
aged so as to arrive at a composite intensity Ic, which is then

17 within the focal plane array 12.
The number of receptor pixels 14 comprising a composite
pseudo-pixel 17 is dependent on the horiZontal pixel ratio and
vertical pixel ratio of the system. While FIGS. 5a-5c show a

square shaped composite pseudo-pixel 17, rectangular
shaped composite pseudo-pixels 17 are likewise possible.
The horiZontal pixel ratio (h) is equal to
hIl/q

to elements in FIG. 1. The method may be implemented as

software within the imager 7 or any suitable commercially
available peripheral device, including but not limited to a

video display device.
30

In step 21, a horiZontal pixel ratio is calculated based on the

number of pixels horizontally disposed along the focal plane
array 12 within the imager 7 and the focal plane array 11
within the infrared detection array 3. Next, a vertical pixel
ratio is calculated based on the number of pixels vertically

35

disposed along the focal plane array 12 within the imager 7
and the focal plane array 11 within the infrared detection
array 3. In step 22, a plurality of composite pseudo-pixels 17
are de?ned based upon the horiZontal and vertical pixel ratios

40

from step 21. For example, each composite pseudo-pixel
along the focal plane array 12 would be composed of three
rows of pixels where the vertical pixel ratio is three and four
columns of pixels where the horiZontal pixel ratio is four.

assigned to each receptor pixel 14 within the composite
pseudo-pixel 17. The method is repeated until the intensities
I l-I4 of all receptor pixels 14 are adjusted to represent the

composite intensity Ic values of all composite pseudo-pixels

in ?owchart form including six separate steps with reference

45

Each composite pseudo-pixel 17 would be composed of
twelve receptor pixels 14. Accordingly, each composite
pseudo-pixel 17 may be comprised of N-by-N receptor pixels
14 where N is a whole number greater than 1 or M-by-N
receptor pixels 14 where M is a whole number greater than 0
and N is a whole number greater than 1. The total number of
composite pseudo-pixels 17 would depend on the total num

50

ber of receptor pixels 14 within the imager 7.
In step 23, the imaging device captures one or more frames

via the receptor pixels 14 via a technique understood within
the art. Each receptor pixel 14 provides an intensity value

(4)

where t is the number of receptor pixels 14 along the hori
Zontal within the second focal plane array 12 and q is the
number of micro-cantilever pixels 13 along the horiZontal
within the ?rst focal plane array 11, as shown in FIG. 2. The
number of receptor pixels 14 along the horizontal of the
composite pseudo-pixel 17 is equal to the whole number
portion of the ratio. The decimal portion of the horiZontal

55

for all composite pseudo-pixels 17. In this step, the individual
intensi?es are summed within each composite pseudo-pixel
17 and averaged to arrive at an intensity value which best
60

represents the intensity of the light impinging the receptor
pixels 14 comprising the composite pseudo-pixel 17 within
the frame. Intensities are stored within a data array for all

pixel ratio (h) represents overlapping projections of two
micro-cantilever pixels 13 onto a single receptor pixel 14.
While it is preferred for the horiZontal pixel ratio (h) to be a
whole number greater than Zero, fractional overlapping is

representative of the light impinging thereon.
In step 24, the receptor pixels 14 are numerically processed

65

composite pseudo-pixels 17 within a given frame.
In step 25, the average intensity for each composite
pseudo-pixel 17 is assigned to each receptor pixel 14 com
prising the composite pseudo-pixel 17. In this step, each

possible between adjacent composite pseudo-pixels 17. It is

frame is reconstructed to generate an image that best repre

understood that additional numerical averaging may be

sents the image captured by the infrared detection array 3.

US 7,652,250 B2
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Average densities are stored Within a data array for all recep

second When the combining average method of temporal
averaging is employed. The frame rate is unaffected When the
rolling average method is employed. The NETD of the system
With both the present method and temporal averaging is

tor pixels 14 Within a given frame.
Step 26 is an optional step Wherein data arrays from tWo or
more frames are summed and averaged in a pixel-Wise fash
ion and thereafter assigned to a data array. In this step, the

number of arrays and corresponding frames after numerical
averaging is at least as many as that before averaging.

limited by shot noise, it is generally reduced by the square
root of the number of pixels Within the set. A variety of
numerical methods are applicable to calculating the compos

ibility is offered in terms of the present invention. Although

possible. Therefore, the spirit and scope of the appended
20

resolution of the ?nal image Within the imager 7 after aver
aging is at least as detailed as the resolution provided by the

25

EXAMPLE CALCULATIONS

30

device Wherein the infrared focal plane array 11 is assumed to
have an array size of l 60><l20 micro-cantilever pixels 13 and
the imager 7 is assumed to have an array size of 640x480

of said receptor pixels horizontally disposed along said
imager divided by the number of said pixels horizontally
disposed along said infrared detection array, said verti
cal pixel ratio equal to the number of said receptorpixels

35

vertically disposed alone said imager divided by the
number of said pixels vertically disposed along said
infrared detection array;

(b) de?ning a plurality of composite pseudo-pixels Within
said imager based on said horizontal pixel ratio and said
40

vertical pixel ratio, each said composite pseudo-pixel
comprised of at least tWo said receptor pixels, each said
receptor pixel Within said imager assigned to at least one

present method is
l

said composite pixel, the total number of said composite
pixels equal to the total number of said pixels;

2

NETD :

= 202 mK

RV;

devices comprising the steps of:
(a) calculating a horizontal pixel ratio and a vertical pixel
ratio based upon a plurality of receptor pixels Within an
imager and a plurality of pixels Within an infrared detec
tion array, said horizontal pixel ratio equal to the number

BeloW are exemplary calculations of the noise equivalent

ratio of l6-to-l.
The shot noise limited NETD of the system Without the

claims should not be limited to the description of the preferred
versions contained herein.
The invention claimed is:
1. A noise reduction method for an infrared imaging

infrared detection array 3, see FIGS. 1-2.

receptor pixels 14 (representative of VGA resolution), a Well
capacity of 20,000 electrons (n:20,000), and a frame rate of
90 fps. The IR responsivity of the system is assumed to be
9i:3.5%/K. As such, the system has a horizontal pixel ratio
equal to 4, a vertical pixel ratio equal to 4, and a total pixel

= 29.2 mK

methods have been described in considerable detail With ref
erence to certain preferred versions thereof, other versions are

ite intensity Ic Within non-overlapping and overlapping pix
els, including Without limitation summation averaging,

temperature difference (NETD) for an arbitrary imaging

1
0.035‘! 48 - 20,000

Which represents nearly an 85% reduction in the NETD for
the assumed system.
The description above indicates that a great degree of ?ex

noise Without the data loss of other methods. If the NETD is

Weighted averaging based on intensity, intensity gradient, or
distance, and other statistical and probabilistic methods. The

1
RV m"

NETD :

In step 27, the intensity data for each frame is communi
cated to a commercially available image vieWing device via
techniques understood in the art for vieWing.
The averaging and assignment of intensities for receptor
pixels 14 Within a composite pseudo-pixel 17 reduce shot

45

0.035J 20,000

(c) capturing at least one frame of an infrared image With
said infrared detection array and said imager;

(d) calculating a composite intensity for each said compos
based upon the parameters de?ned above.
The shot noise limited NETD of the system With the
present method is

ite pseudo-pixel based on an intensity for each said
50

receptor pixel Within said composite pseudo-pixel; and
(e) reconstructing said frame so that each said receptor
pixel Within said composite pseudo-pixel has said com

posite intensity.
l
NETD =

—

RV m”

2. The noise reduction method of claim 1, further compris

l
=

i

: 50.5 mK

0.035\/ 16-20,000

55

ing the step of:
(f) communicating said frames to an image vieWing device
after said reconstructing step.
3. The noise reduction method of claim 1, further compris

after summation, averaging, and assignment of the intensities
for the 16 receptor pixels 14 (m:l 6) comprising each 4-by-4
composite pseudo-pixel 17. The net result is an NETD
reduced by a factor 4 Without pixel loss.
The present inventive method may also be coupled With
temporal averaging if a further decrease of the NETD is
required. In this example, the 16 receptor pixels 14 are aver
aged over three frames so that m is effectively 48 (3x16)
pixels. The frame rate is decreased from 90 to 30 frames-per

60

ing the step of:
(f) averaging said composite pseudo-pixels Within at least
tWo said frames.

4. The noise reduction method of claim 3, further compris

65

ing the step of:
(f) communicating said frames to an image vieWing device
after said reconstructing step.
5. The noise reduction method of claim 1, Wherein said
imager is a CMOS device.
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6. The noise reduction method of claim 1, wherein said
imager is a charge-coupled device.
7. The noise reduction method of claim 1, Wherein each

10. The noise reduction method of claim 1, Wherein said
calculating step is a Weighted average of said intensities for

said composite pseudo-pixel is comprised of N-by-N said

11. The noise reduction method of claim 1, Wherein said
calculating step is a Weighted average of the gradient of said

receptor pixels Where N is a Whole number greater than 1.
8. The noise reduction method of claim 1, Wherein each

said composite pseudo-pixel is comprised of M-by-N said

said receptor pixels Within each said composite pseudo-pixel.

intensities Within said composite pseudo-pixel.

12. The noise reduction method of claim 11, Wherein said
receptor pixels Where M and N are Whole numbers, M is
Weighted
average is spatially dependent Within said compos
greater than 0, N is greater than 1.
9. The noise reduction method of claim 1, Wherein said 10 ite pseudo-pixel.
calculating step is an average of said intensities for said

receptor pixels Within said composite pseudo-pixel.

