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Abstract. In this paper, a minimum variance estimator for the gain
nonuniformity (NU) in infrared (IR) focal plane array (FPA) imaging
system is presented. Recently, we have developed a recursive filter esti-
mator for the offset NU using only the collected scene data, assuming
that the offset is a constant in a block of frames where it is estimated. The
principal assumption of this scene-based NU correction (NUC) method
is that the gain NU is a known constant and does not vary in time. How-
ever, in several FPA real systems the gain NU drift is significant. For
this reason, in this work we present a gain NU drift estimation based
on the offset NU recursive estimation assuming that gain and offset are
jointly distributed. The efficacy of this NUC technique is demonstrated
by employing several real infrared video se quences.

Keywords: Minimum Variance Estimator, Image Sequence Processing,
Infrared Focal Plane Arrays, Signal Processing.

1 Introduction

It is well known that the NU noise in infrared imaging sensors, which is due
to ṕıxel-to-pixel variation in the responses of the detector; degrades the qual-
ity of IR images [1,2]. In addition, what is worse is that the NU varies slowly
on time, depending on the type of technology that is been used. In order to
solve this problem, several scene-based NUC techniques have been developed
[3,4,5,6,7,8,9]. Scene-based techniques perform the NUC using only the video
sequences that are being imaged and not requiring any kind of laboratory cal-
ibration technique. In [10] we have developed a recursive filter to estimate the
offset of each detector on the FPA. The method is developed using two key as-
sumptions: i) the input irradiance at each detector is a random and uniformly
distributed variable in a range that is common in all detectors in FPA; and ii)
the FPA technology exhibits important offset non-uniformity with slow tempo-
ral drift. The proposed algorithm is developed to operate on one block, short
enough to assume that the offset NU can be estimated as a constant in noise
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(ECN) [11]. In this paper the gain NU drift is considered and it is obtained from
the offset estimated using the ECN method. Afterwards, assuming that the offset
and gain are jointly distributed, a minimum variance estimator for the gain can
be obtained. This paper is organized as following. In section 2, a review of the
ECN NUC method is presented. In Section 3, the gain estimator (GE) proposed
is exposed and the results using this method are presented in Section 4. Finally,
in Section 5 the conclusions of the paper are summarized.

2 Estimation of a Constant in Noise NUC Method

The pixel-to-pixel variation in the detectors’ responses is modeled by the com-
monly used linear model for each pixel on the infrared focal plane array. For
the (ij)th detector, the measured readout signal yij at a given time n, can be
expressed as:

yij(n) = Aij(n)xij(n) + Bij(n) + vij(n), (1)

where Aij(n) and Bij(n) are the gain and the offset of the (ij)th detector respec-
tively and xij(n) is the real incident IR photon flux collected by the detector.
The term vij(n) is additive electronic noise represented by a zero-mean Gaus-
sian random variable that is statistically independent of noise in other detectors.
The ECN method assumes that Aij(n) is a known constant and Bij(n) remains
constant in a block of frames, i.e., B(n) = B(n − 1) = B, and the model of (1)
is re-written as:

y(n) = Ax(n) + B + v(n), (2)

where the subscript ij is omitted with the understanding that all operations
are performed on a pixel by pixel basis. Equation (2) is valid only in a block of
frames. The recursive estimator for the offset NU is given by:

B̂(n) = CnB̂(n − 1) + Kny(n), (3)

where B̂(n) and B̂(n − 1) are the estimates for the offset and Cn and Kn are
the coefficients of the filter. Equation (3) can be recursively calculated using the
follows equations:

Cn =
1 + an

1 + (n + 1) a
, (4)

Kn =
a

1 + (n + 1) a
, (5)

where a is the convergence control parameter typically less than 1. ECN have
two parameters, a and the length of the block of frames, nb, when the algorithm
stops the estimation. The corrected frame is obtained by:

x̂(n) = y(n) − B̂(nb). (6)
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3 Minimum Variance Gain NU Estimator (GE)

First of all, it is assumed that the gain A and the offset B are Gaussian random
processes and they are jointly distributed. Then, the conditional probability of
A given B is defined by:

pA|B (A|B) =
pA,B (A, B)

pB (B)
, (7)

where, pA,B(A, B) is the joint probability of A and B, and pBB is the probability
of B (obviously non-zero). After this, a minimum variance estimator for A is
formulated from this relationship. With A and B Gaussian random variables
jointly distributed, where the information is known with regard to B. Then, the
estimator for a minimum variance is defined as only a conditional average of A
given B:

Â = E [A|B] =
∫ ∞

−∞
ApA|B (A|B) dA, (8)

where the error E

[∥∥∥A − Â
∥∥∥2

|B
]

is minimal. Then, as A and B are assumed

Gaussian random process individual and mutually, they are completely defined
by their mean and their variance and pA|B(A|B) can be expressed as:

pA|B (A|B) =
exp

{
− (A−{Ā+(B−B̄)σAB/σ2

B})2

2(σ2
A−σABσBA/σ2

B)

}

√
(2π)

∣∣σ2
A − σABσBA

/
σ2

B

∣∣1/2
, (9)

where, Ā + σAB

σ2
B

(
B − B̄

)
and σ2

A − σABσBA

/
σ2

B are the mean and variance
respectively. Then, the minimum variance estimator for A is obtained by:

Â = E [A|B] =
∫ ∞

−∞
ApA|B (A|B) dA = Ā +

σAB

σ2
B

(
B − B̄

)
. (10)

In our case, we needed to know that B, B̄, σ2
B and σAB . B were obtained from

ECN method when n = nb, the mean and variance of B can be calculated as an
approximation to the mean and spatial variance, and the covariance is calculated
by:

σAB = R0

√
σ2

Aσ2
B , (11)

where, R0 is the correlation between A and B. This index can be measured
from other methods of NUC. Finally, using (11) the GE given by (10) is recast
resulting in:

Â = Ā + R0
σA

σB

(
B − B̄

)
, (12)

and the corrected frame is obtained using the following equation :

x̂(n) =
y(n) − B̂(nb)

Â
. (13)
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4 Results

Real IR video data are used to test the ability of the proposed method and
reduce NU. The sequence has been collected at 1 PM using a 128 × 128 InSb
focal plane array cooled camera Amber Model AE-4128 operating in the 3μm –
5μm range. In the data set, 3000 frames were collected at a rate of 30 frames per
second, at 16 bits of resolution. There are data of black bodies radiators, which
are used to estimate the gain and the offset associated with each detector. With
these parameters, the best correction of nonuniformity is performed, obtaining
a sequence that is used as a reference.

As a quantitative measure of performance, the Root Mean Square Error
(RMSE) was used, which measures the difference between the reference infrared
image and the corrected image using the proposed method. The RMSE is cal-
culated by:

RMSE(n) =

√√√√ 1
pm

p∑
i=1

m∑
j=1

(x̂ij(n) − xij(n))2, (14)

where, p × m is the number of detectors in the focal plane array, x̂ij(n), is the
infrared irradiance calculated with the gain estimated by the recursive filter, and
xij(n) is the infrared irradiance calculated by the black-body radiator data. A
lower value of RMSE means a good correction of the frame data.

Also the roughness index ρ metric is used to measure performance without
reference. ρ delivers information about the level of softness that an image has,
i.e., the degree of non-uniformity in this image. This index is calculated by:

ρ =
‖h ∗ I‖1 +

∥∥hT ∗ I
∥∥

1

‖I‖1

, (15)

where, the image I is the corrupted or compensated frame, a filter h is needed
to find the softness of the image, ∗ represents the convolution and ‖‖1 represents
the norm L1. In the same form of RMSE a low value of ρ close to zero indicates
a good correction.

Initially, we estimate the offset NU using the ECN NUC method. From [10],
the value for the parameter a = 0.1 is the best selection using RMSE and ρ.
Then, from the estimated offset the gain NU is obtained using (12), and for each
value of nb = {250, 500, 750, 1000, 1250, 1500} the RMSE and ρ are calculated
and the results are shown in Fig. 1. The estimated gain NU is presented in
Fig. 2b and 2d. For all results we are selected R0 = −0.9 and σA = 0.015.

Finally, a comparison of the performance method is presented in Fig. 3.
In this case, the 1600th corrupted frame of the real IR sequence is presented
(Fig. 3a). The ECN compensates the corrupted frame and the results are shown
in Fig. 3b, and the GE NUC method generates the corrected frame in Fig. 3c.
The corresponding RMSE and ρ values are presented in Table 1. For this case,
the RMSE values are 3.37, 2.96 and 2.12 for the corrupted frame, corrected frame
with ENC and corrected frame with GE, respectively. The ρ values correspond
to 2.417 for the corrupted frame, 2.108 for the compensated frame using ENC
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Fig. 1. RMSE (a) and ρ (b) for the compensated frame using ECN and ECN with GE
NUC method. In this case, nb = {250, 500, 750, 1000, 1250, 1500} and a = 0.1.

(a) (b)

(c) (d)

Fig. 2. Different offset and gain NU estimated using the proposed method. a) and c)
correspond to the estimation of B using ECN for nb = 500 and nb = 1000 respectively;
b) and d) show the gain NU using GE method for nb = 500 and nb = 1000 respectively.
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(a) (b) (c)

Fig. 3. Performance of the proposed method using real IR data. (a) corrupted frame,
(b) compensated frame using ECN method, and (c) corrected frame using ECN with
GE method.

Table 1. The calculated RMSE and ρ parameters for real IR frames corrected for NU
by using the ECN method and ECN with GE method

Frame RMSE ρ

Corrupted 3.37 2.417

Corrected using ECN 2.96 2.108

Corrected using ECN with GE 2.12 2.093

and 2.093 for ECN with GE. From these results clearly the proposed method
generates a better performance when the gain NU drift is considered.

5 Conclusions

A recursive estimation for gain NU on infrared imaging systems is proposed in
this paper. It was shown experimentally using real IR data that the method is
able to reduce non-uniformity substantially. Indeed, the method has shown an
acceptable reduction of nonuniformity after processing only approximately 500
frames. The main advantage of the method is a simplicity using only fundamental
estimation theory. The key assumption of the proposed method is that the offset
and the gain are jointly distributed. The offset is estimated using a recursive
filter, and then, the gain is obtained using a minimum variance estimator. The
results presented showed that this assumption is validated with real IR data.
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