
METHOD AND SYSTEM FOR DETERMINING THE RATE OF NON
UNIFORMITY OF BOLOMETER BASED SYSTEMS Field of the
Invention The field of the invention relates to
uncooled focal plane arrays of the bolometer type used
for sensing IR radiation. More particularly, the
present invention relates to a method and system for
measuring the degradation in the uniformity of sensing
light by the various detectors of the focal plane
array, and for providing an indication as to when
special measures should be taken in order to perform
non uniformity recalibration. Background of the
Invention Bolometers are widely used for sensing low
radiation of light, generally in the IR band. In most
conventional cases, the bolometers are provided in a
form of a focal plan array (FPA), wherein the array
comprises a plurality of individual sensing elements
(hereinafter also referred to as or "pixels", or
"pixel detectors"). A significant advantage of the
bolometer type sensors is their reduced weight and
power consumption, particularly due to the fact that
they do not require cryogenic cooling. In addition,
they are generally much less expensive in comparison
with cooled focal plan arrays. However, the typical
sensitivity of bolometer type sensors is significantly
lower than of cooled-type sensors. Moreover, as
bolometer type sensors are very sensitive to
temperature variation, they require special means for
stabilizing the temperature of the array substrate,
and for compensating each individual detector for said
temperature variations. It should be noted that the
case that accommodates the FPA contributes roughly 80%
of the IR flux. Thus, it is of vital importance to
monitor the case temperature or its radiation. 



Vox (Vanadium Oxide) resistors are widely used in
typical bolometers, as the Vox has a relatively large
TCR (temperature coefficient of resistance),and low
1/f contribution. Typical bolometer FPAs are required
to detect radiation with a resolution in the order of
50mK of the scenery temperature. The temperature
variations at the bolometer detector due to the heat
variations within the scenery are in the order of
0.01-0. lmK. It should be noted that in order to bring
the bolometer detector to its operational point, it is
required to heat the active resistor of the detector
(the resistor which is exposed to the scenery) by a
temperature in the order of 4. Said necessity to
provide a sensitivity and resolution in the range of
at least 40 orders less than the heating of the active
bolometer resistor generally enforces the use of a
differential measurement. The most common and simple
circuitry that applies differential measurement is the
Wheatstone bridge, and a detector which include a
Wheatstone bridge is indeed commonly used in
bolometer-type FPAs. However, even though a Wheatstone
bridge which performs a differential measurement is
used, the prior art uncooled bolometer-type FPAs are
still very sensitive to variations in the ambient
temperature, and special compensation circuitry is
required for compensating in the FPA pixel level. More
particularly, special circuitry is required to
compensate for the nonuniformity of the detectors
(i.e., to compensate for their different offset and
gain), and to further compensate for the non-uniform
effect of the change of the ambient temperature on
each detector. The said latter non uniformity arises
mainly from the fact that each detector has a
different relative location with respect to the case
walls. 



In order to account for the non-uniformity of the FPA
pixel detectors, prior art bolometer-type FPA
manufacturers, or the users themselves commonly
perform pre-measurements which determine the gain and
offset of eachpixel detector. The measurements are
performed for constant, predefined ambient (case) and
substrate temperatures. The results of the
measurements are provided in two matrices (or look up
tables), a gain nonuniformity matrix, and an offset
non-uniformity matrix. More particularly, by using
said two matrices the gain and offset of each pixel
detector are adjusted during the actual use of the
FPA. It should be noted that the offset matrix is also
updated periodically (for example, every 2-3 minutes)
at times when a homogenous image is provided to the
FPA. The homogenous image is typically applied by
means of a shutter which is closed and masks the FPA
from the scenery radiation. Alternatively, in some
prior art cases the optics in front of the FPA is
brought to a total "out of focus" state, thereby
providing to the FPA an essentially homogenous image.
During the closure period of the shutter (or the
period of "out of focus state") the FPA of course
cannot be used. During said periods the offset matrix
is updated. Said procedure of calibration is generally
referred to as NUC (Non-Uniformity Correction). It
should be noted that each calibration procedure, that
takes place, for example, every 2 to 3 minutes, takes
several seconds. Throughout this application whenever
reference is made to "closure of shutter", it should
be noted that it is meant to any action that provides
a homogeneous image to the FPA, either by means of
closure the shutter, by means of performing "out of
focus", etc. A said, the need to recalibrate the
offset of each FPA detector during the closure of a
shutter eliminates any active use of the FPA during
said 



recalibration procedure. Said lost time which is
dedicated for recalibration may be critical. However,
the fact that the prior art lacks means for
determining the rate of the non uniformity
degradation, and in order to prevent operation with a
too high degradation, has enforced the users to apply
a relatively high, and constant rate of calibration
(as said, for exampleevery 2 to 3 minutes). In many
cases this is a too high rate that is used for caution
purposes only. It is therefore an object of the
present invention to provide an arrangement that will
enable a significant reduction of the calibration rate
(which takes place when the shutter is closed),
therefore significantly increasing the actual
operation time of the FPA. It is still an object of
the invention to provide an arrangement that will
enable the performing of non-uniformity calibration
only when it is indeed required. It is still an object
of the present invention to provide an indication for
the rate of non-uniformity of the array during the
actual operation of the array, and in real time. It is
still an object of the present invention to provide
said arrangement in a manner which is simple to
manufacture. Other objects and advantages of the
present invention will become apparent as the
description proceeds. Summary of the Invention The
present invention relates to a focal plan array system
of the bolometer type, which has means for determining
the rate of non uniformity, which comprises: (a) an
array of i x j pixel detectors of the bolometer type
for sensing scenery radiation; (b) a case which
accommodates said array of 



detectors, said case having a front window that
provides exposure to the sensing element of all the i
x j pixel detectors to radiation coming from the
scenery; (c) at least a portion of column j + 1 of
blind detectors that areshielded from the scenery by a
homogeneous reference surface; (d) reading circuitry
for reading indication for the scenery radiation as
sensed by each of the i x j detectors of the array,
and for reading indication for the non uniformity as
sensed by said detectors in column (j+1); (e) a
register for recording the radiation values as read
from all the detectors within column (j+1); and (f) a
processing unit for finding the standard deviation sof
all the values in said register, and for comparing the
same to a predetermined threshold Q, wherein a
standard deviation above Qbeing an indication for a
non uniformity above the allowed level. Preferably,
the focal plane array system further comprises
mechanism for providing a homogenous image to all the
FPA detectors, and a calibrating circuitry for offset
calibrating all the detectors of the FPA, said
mechanism and circuitry are activated when said
indication for non-uniformity is observed to be above
said predetermined threshold Q. Preferably, said
homogeneous reference surface is baffle extending from
the case. Preferably, all the focal plan array
detectors, including those within column (j+1) perform
differential measurement of radiation. Preferably,
each of the detectors has a structure of a Wheatstone
bridge type. Preferably, each of the i x j Wheatstone
bridge type detectors, and each of the detectors
within column (j+1) has two branches, as follows: (a)
a first branch comprising a first resistor R which is
thermally shorted to a 



substrate which supports the array and is common to
all the decoders of the array and a second resistor Rr
common to each of the decoders within one ofthe rows i
and which is shielded by said at least one homogeneous
reference surface; and (b) a second branch comprising
a third resistor R c which is thermally shorted to the
said supporting substrate and which is common to all
of the decoders within each of the columns j and a
fourth resistor RP which is unique for each decoders
and which is exposed to the scenery. Preferably, the
reading circuitry comprises a row selector for
selecting at each time a row of the array, and j+1
column amplifiers for correspondingly receiving and
amplifying the sensed radiation by each of the
decoders within the selected row. The present
invention also relates to a method for determining the
rate of the non uniformity in a focal plane array of
the bolometer type, comprising the steps of: (a)
providing a focal plane array of i x j bolometer type
detectors, all being exposed to the scenery; (b)
providing at least a portion of an additional column
(j +1) of bolometer type detectors, all said detectors
in column (j + 1) being masked from the scenery by
means of a homogeneous surface; (c) predefining a non
uniformity threshold Q, relating to the non uniformity
of behavior of the decoders; (d) sequentially reading
in a row by row manner the values as sensed by the i x
j detectors of the FPA and as sensed by the detectors
in the (j + 1) column; (e) recording at a column
register the readings that are sensed by the decoder
of column j + 1; (f) calculating the standard
deviation of all the values in said column register
and comparing the standard deviation with the
threshold Q; (g) if said standard deviation is found
to be below Q, continuing to normally operate the FPA;
and (h) if, however, the standard deviation is found
to be above Q, 



stopping the operation of the FPA, and performing a
non uniformity calibration of the FPA decoders. Brief
Description of the DrawingsIn the drawings: - Fig. 1
shows the general structure of a typical, prior art
FPA of the bolometer type; - Fig. 2 shows the general
structure of one of the i x j pixel detectors of the
FPA of Fig. 1; - Fig. 3 illustrates the general
mechanical structure of a bolometer-type FPA and its
case, according to an embodiment of the present
invention; and - Fig. 4 illustrates the general
structure of an FPA according to an embodiment of the
present invention. Detailed Description of Preferred
Embodiments The general structure of a typical FPA 1
of the bolometer type is shown in Fig. 1. The FPA 1
has i rows and j columns, therefore comprising i x j
bolometer-type pixel detectors. The readout from the
FPA is performed by selecting a full row of pixel
detectors by means of row selector 2. When a row is
selected, all the detectors of the selected row are
simultaneously sensed, and the readouts from all the
pixel detectors of the selected row are provided into
the inputs of corresponding j column amplifiers Ai
-Aj. As will be elaborated hereinafter, when a row is
selected, the reference signal is common to all the
column amplifiers. Fig. 2 shows the general structure
of one of said i x j pixel detectors of the FPA of
Fig. 1 according to an embodiment of the prior art. As
shown, all resistors of the detector are arranged in a
form of Wheatstone bridge, which 



provides a differential measurement. The resistor RP
is the "active" resistor which is specific to each
pixel detector. All the resistors RP are thermally
isolated and are exposed to the scenery. The resistor
Rris a resistor which is common to all the pixel
detectors of each row, and which is referred toherein
as a "blind" resistor, as it is totally masked from
the scenery. Resistor Rmis one resistor which is
common to all the pixel detectors of the FPA, said
resistor Rm is thermally shorted to the substrate of
the FPA. Resistor R cis one resistor per column, which
is common to all the pixel detectors within each
column, and which is also thermally shorted to the
substrate. Therefore, in the exemplary FPA of Fig. 1
there are i x j resistors Rp, j resistors Rc, i
resistors Rr, and one resistor Rm. All the resistors
are preferably of Vox type, and should preferably have
as identical properties as possible, more
particularly, as identical as possible resistance,
same thermal coefficient of resistance (TCR), and same
thermal capacitance and resistance. It should be noted
that one or more of the resistors RP, Rc, Rr, and R m
may be made of several resistors that are connected in
parallel. Whenever a pixel is selected, the
differential readout is conveyed into the
corresponding column amplifier Ai-Aj. It should also
be noted that while all the active resistors RP are
constantly irradiated, the readout is streamed out one
row at a time, using a single amplifier per column.
The "blind" resistor Rr is used for compensating
against the dynamic behavior of the active resistor Rp
. Therefore, it is located at a thermally isolated
location which is masked from the scenery radiation.
Said resistor Rr is electrically connected only during
the readout of the specific row. The other resistors
Rc and Rm are connected during the readout of each
row. These resistors are thermally shorted to the
substrate 



in order to prevent their destruction due to excessive
heating. Thus, when each specific bridge is active,
there are formed essentially two almost identical
branches of current, wherein the currents I i and h
cause a differential voltage V0 which is a function of
the scenery radiation which is applied over Rp . Fig.
3 illustrates the structure of a typical FPA 1. For
the sake of brevity,the FPA was reduced to the size of
2 x 2 pixel detectors. The row select signals that are
produced by the row selector 2 (Fig. 1), enable the
selection of rows in a sequential order. When a row is
selected, the voltage over the resistor Rm, which is
one resistor common to all the FPA pixel detectors, is
simultaneously provided to a first of the two inputs
of each column amplifier as a reference signal. The
voltage over each corresponding resistor Rp within the
selected row is provided to the second input of the
corresponding amplifier. It can be easily seen that
the structure is of a Wheatstone bridge, and therefore
the radiation measurement within each detector is
differential. The various resistors R0 and Rrcomplete
the bridges. As said, in order to account for the
non-uniformity of the various FPA pixel detectors,
prior art bolometer-type FPA manufacturers or the
users themselves commonly perform pre-measurements
which determine the gain curve and the offset of each
pixel detector. The measurements are performed while
the ambient (case) and substrate temperatures are kept
constant at some pre-defined temperature. The results
of the measurements are provided in two matrices (or
look up tables), a gain non-uniformity matrix, and an
offset non-uniformity matrix. More particularly,
during the actual use of the FPA each pixel detector
of the FPA is adjusted using the data of said two
matrices. It should be noted that the offset matrix is
updated 



periodically (for example, every 2-3 minutes) at times
when a shutter is closed and masks the FPA from
scenery radiation. Of course, the FPA cannot be used
during the times in which the shutter is closed and
the update is performed. Said procedure of correction
is generally referred to as NUC (Non-Uniformity
Correction). As said, the prior art periodically
closes a shutter or provides to the FPA a homogeneous
image in order to obtain an updated offset matrix. The
updating of said matrix disturbs the actual operation
of the FPA, as theupdating of said offset matrix
cannot be performed during the FPA actual use. As will
be shown, the present invention provides a structure
which enables the determination of when the updating
of the offset matrix is indeed required, so that a
shutter closure will be performed only at those
required times. More particularly, as will be shown
the present invention determines during the actual use
of the FPA the rate of the non uniformity of the array
detectors, and only when this rate is above a
predetermined non-uniformity value, the calibration
procedure which involves the shutter closure is
performed. Fig. 4 illustrates the general structure of
the FPA according to the present invention. As shown,
the FPA of the present invention comprises an
additional column of sensors, indicated as column j +
1. Each pixel detector within said additional column
has essentially the same structure as of the other
detectors of the FPA. However, the resistor Rp+i) in
all the detectors of column (j+1) is shielded from the
scenery by means of a reference homogenous surface.
The term homogeneous refers herein to a state in which
the surface has a same temperature and emissivity
(i.e., same radiation) all over the surface.
Therefore, all the detectors of column (j+1) 



always "see" only the homogenous surface, and they are
totally masked from the scenery. In other words, all
these "blind" detectors of column (j+1) see a
homogenous image, essentially a same homogeneous image
as all the FPA detectors see during a shutter closure
at the prior art. The readout of each detector within
column (j+1) is read simultaneously with the data of
the other detectors 1 toj within the selected row. The
individual readouts from a full column j+1 are then
accumulated in a register 16, having up to i cells.
When the register is full, the standard deviation s of
all the values in the register is calculated, and
compared with a predefined deviation threshold Q. A
standard deviation above the threshold is an
indication for a non uniformity that requires offset
calibration.-li l t should be noted that the blind
decoders of column (j+1) are calibrated for their gain
and offset in a same manner as all the others, i x j
scenery detectors of the array. More particularly,
they are calibrated any time the shutter is closed. It
takes of course a full frame period to read all the
detectors in column (j + 1). As said, at the end of
each frame reading, the readouts from all the
detectors of column (j + 1) are averaged, providing an
average value m . Furthermore, the standard deviation
of the detectors readouts is calculated. If the
standard deviation is found to be above some
predefined threshold value, it is concluded that it is
necessary to perform a non uniformity correction
procedure. Therefore, according to the present
invention only when the standard deviation of the
readouts from the j+1 column exceeds said
predetermined value Q , a calibration which involves
the closure of a shutter (or the providing of a
homogeneous image) is performed. 



More particularly, every frame the following
expression is checked: (1) {d 2 + d 2 + d 2 +...d 2 )
Q wherein: d i - indicates the deviation of a specific
readout from detector i (in column j + 1) from the
mean m of the readouts of all the detectors in column
(j+1); Q -indicates a predefined threshold value; When
the condition of expression (1) is satisfied, a
calibration procedure takes place. It should be noted
that according to the present invention the reference
surface preferably extends from the case and it
shields all the resistors RpO+i)- It should also be
noted that more than one reference surface may beused,
as long as the temperature and emissivity over said
surfaces is homogeneous. Fig. 3 illustrates the
general mechanical structure of a bolometer-type FPA
and its case, according to an embodiment of the
present invention, in which the reference surface is a
baffle 14 which extends from the case. The outer walls
12 of the case are made from a thermally conducting
material and serve as a heat sink for the substrate
and for the thermally shorted resistors Rm and Rc (not
shown in Fig. 3). The FPA substrate is indicated as
numeral 13, and it comprises at least the plurality
(ixj) of the active pixel resistors Rp, and the
plurality of "blind" resistors Rr. A transparent
window 15 is provided above the FPA for allowing the
radiation from the scenery to impinge on the active
resistors Rp. The i blind resistors Rr are spread
adjacent the active resistors RP and are shielded from
the scenery by means of baffles 14, that are thermally
connected to the case walls 12. As shown, the
resistors RP(j+l) axe also shielded by the same baffle
14. 



As has been shown, the present invention provides an
indication as to when an offset calibration (which
involves the closure of a shutter) is required.
Therefore, while in the prior art the calibration was
made arbitrarily every predetermined period of time,
according to the present invention the calibration,
having the indication for non-uniformity, is made only
when it is indeed required. Therefore, the present
invention can eliminate the performance of unnecessary
calibrations, and can obviously extend the periods
between calibrations. While some embodiments of the
invention have been described by way of illustration,
it will be apparent that the invention can be carried
into practice with many modifications, variations and
adaptations, and with the use of numerous equivalents
or alternative solutions that are within thescope of
persons skilled in the art, without departing from the
spirit of the invention or exceeding the scope of the
claims.CLAIMS 1. A focal plan array system of the
bolometer type having means for determining the rate
of non uniformity which comprises: a . an array of i x
j pixel detectors of the bolometer type for sensing
scenery radiation; b. a case which accommodates said
array of detectors, said case having a front window
that provides exposure to the sensing element of all
the i x j pixel detectors to radiation coming from the
scenery; c. at least a portion of column j + 1 of
blind detectors that are shielded from the scenery by
a homogeneous reference surface; d. reading circuitry
for reading indication for the scenery radiation as
sensed by each of the i x j detectors of the array, 



and for reading indication for the non uniformity as
sensed by said detectors in column (j+1); e. a
register for recording the radiation values as read
from all the detectors within column (j+1); and f . a
processing unit for finding the standard deviation sof
all the values in said register, and for comparing the
same to a predetermined threshold Q, wherein a
standard deviation above Q being an indication for a
non uniformity above the allowed level. 2. A focal
plane array system according to claim 1, further
comprising mechanism for providing a homogeneous image
to all the FPA detectors, and a calibrating circuitry
for offset calibrating all the detectors of the FPA,
said mechanism and circuitry are activated when said
indication for non-uniformity is observed to be above
said predetermined threshold Q.3. A focal plan array
system according to claim 1 wherein said homogeneous
reference surface is baffle extending from the case.
4. A focal plan array system according to claim 1,
wherein all the focal plan array detectors, including
those within column (j+1) perform differential
measurement of radiation. 5. A focal plan array system
according to claim 4, wherein each of the detectors
has a structure of a Wheatstone bridge type. 6. A
focal plan array system according to claim 5, wherein
each of the i x j Wheatstone bridge type detectors,
and each of the detectors within column (j+1) has two
branches, as follows: a . a first branch comprising a
first resistor Rm which is thermally 



shorted to a substrate which supports the array and is
common to all the decoders of the array and a second
resistor Rr common to each of the decoders within one
of the rows i and which is shielded by said at least
one homogeneous reference surface; and b. a second
branch comprising a third resistor R c which is
thermally shorted to the said supporting substrate and
which is common to all of the decoders within each of
the columns j and a fourth resistor Rp which is unique
for each decoder and which is exposed to the scenery.
7. A focal plan array system according to claim 1,
wherein the reading circuitry comprises a row selector
for selecting at each time a row of the array, and j+1
column amplifiers for correspondingly receiving and
amplifying the sensed radiation by each of the
decoders within the selected row.8. A method for
determining the rate of the non uniformity in a focal
plane array of the bolometer type, comprising the
steps of: a . providing a focal plane array of i x j
bolometer type detectors, all being exposed to the
scenery; b. providing at least a portion of an
additional column (j + 1) of bolometer type detectors,
all said detectors in column (j + 1) being masked from
the scenery by means of a homogeneous surface; c.
predefining a non uniformity threshold Q, relating to
the non uniformity of behavior of the decoders; d.
sequentially reading in a row by row manner the values
as 



sensed by the i x j detectors of the FPA and as sensed
by the detectors in the (j +1) column; e. recording at
a column register the readings that are sensed by the
decoder of column; + 1 ; f . calculating the standard
deviation of all the values in said column register
and comparing the standard deviation with the
threshold Q; g. if said standard deviation is found to
be below Q, continuing to normally operate the FPA;
and h . if, however, the standard deviation is found
to be above Q, stopping the operation of the FPA, and
performing a non uniformity calibration of the FPA
decoders. 


