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1 Departamento de Ingenieŕıa Eléctrica, Universidad de Concepción, Casilla 160-C,
Concepción, Chile

2 Center for Optics and Photonics, Universidad de Concepción, Concepción
3 Aeronautical Polytechnic Academy Chilean Air Force Santiago, Chile

Abstract. Infrared (IR) Focal plane array (IRFPA) cameras are nowa-
days both, more accessible and with a broad variety in terms of detectors
design. In many cases, the IRFPA characterization is not completely
given by the manufacturer. In this paper a long wave 8-12 [µm] mi-
crobolometer IRFPA is characterized by means of calculating the Noise
Equivalent Temperature Difference (NETD) and the Correctability per-
formance parameters. The Correctability parameter has been evaluated
by using a black body radiator and Two-Points calibration technique.
Also, the Transfer Function of the microbolometer IR camera has been
experimentally obtained as well as the NETD by the evaluation of ra-
diometric data from a blackbody radiator. The obtained parameters are
the key for any successful application of IR imaging pattern recognition.

1 Introduction

Currently, the development of IR imaging sensors have been such that the market
has been flooded with different types of IR cameras, each one with different
features as presented in [1]. The main difference between these cameras is in the
sensor type used for detecting the infrared radiation.

Depending on the interaction nature between the detector material and the
IR radiation, the photo-detectors are classified on intrinsic, extrinsic, photo-
emissive, and quantum well detectors [2]. The second class of IR detectors is
composed by thermal detectors, where the incident radiation is absorbed and it
changes the material temperature, that change modifies some physical properties
as resistivity to generate an electrical signal output.

In contrast to photo-detectors, the thermal detectors typically operate at room
temperature. One of the most popular thermal detectors is the amorphous silicon
(a-Si) microbolometer as presented in [3] and as any detector, they are affected
by many type of noise sources.

In spite of the the first bolometer was designed in 1880, according to [4], the
development release to this technology was under classify military contacts, so
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the public according to this in 1992 were surprising in the worldwide infrared
community, and they are still object to several research.

To apply a IR microbolometer camera to IR imaging application a fully char-
acterization of the detector noise is needed. Inherent to this kind of equipments
is the Fixed Pattern Noise (FPN); it can be defined as a fixed noise superim-
posed over the IR image. The FPN is generated by the nonuniform response of
the neighbors detectors for the same integrated IR irradiance. Several methods
have been developed to eliminate this undesired effect, with different results and
operations conditions, some of them are compared in [5].

In [6] and [7] it is shown the importance to have a good understanding of
the detectors response. This can be achieve by using a thermal reference known
as a blackbody [8], which is a laboratory equipment capable of delivering a
flat input temperature. Having this in consideration, many FPA parameter such
that radiometric curves, NETD, Correctability, etc., can be calculated using this
equipment, as it is presented in [9] and [10].

The present study deals with three laboratory characterization parameters
evaluated for a CEDIP Jade Uncooled (UC) camera, long wave 8-12 [μm] mi-
crobolometer IRFPA. This paper is organized as follows: In section 2, the ra-
diometric curve, the NETD, and the Correctability parameters are defined. In
section 3 the experimental technique to perform an evaluation of such param-
eters is described and the main results are shown. Finally, the most important
conclusions are detailed on section 4.

2 Parameters

In this section, the three parameters under analysis are presented. They are able
to represent different characteristics of an IR imaging system. Note that they
are interdependent, because as it will be shown, the radiometric analysis gives
the basis to perform the NETD and the Correctability analysis.

2.1 Radiometric Transfer Function

For measurements of radiometric parameters, the experimental setup use a black-
body calibration source, whose temperatures radiance can be accurately calcu-
lated, and the IRFPA imaging system to be evaluated. The blackbody is com-
posed by a plate with a roughened surface covered with a high emissivity paint-
ing. The uniform temperature surface can be stabilized in a time lower than 10
minutes with an emissivity average of 0.95.

This equipment is essential to perform the IRFPA System Transfer Function
(SiTF). It is estimated by the measure of several flat inputs at different tempera-
ture radiation, which are controlled by the blackbody source. The data acquired
can be represented as a Data Cube, because there exists information on three
dimensions, two spatial axes and one temporal axe. The measures resulted must
be averaged, and then the SiTF is determined [11]. It is typically represented
in response units of voltage, digital counts, etc. vs units of the source such as
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temperature, flux, etc. Therefore, any digital value can be associated to a specific
input temperature.

According to this behavior, at a frame nth, a general model for each ij detector
in the FPA is often described by a linear relationship between the incoming
irradiance Xi,j(n) and the readout data Yi,j(n) as follows:

Yi,j = Ai,jXi,j + Bi,j (1)

The SiTF, can be used also to determine how is increased the signal detected
regarding the input, and to determine the sections in which it can be approached
to the first order model described in the equation 1. In a Two-Point or Multipoint
correction method, this is particularly important because it will indicate the
range for which the method is more accurate to apply.

2.2 Noise Equivalent Temperature Difference, NETD

The NETD is a performance metrics to measure the IRFPA thermal resolution,
as it is mentioned in [12], it is the smallest difference in a uniform tempera-
ture scene that the FPA can detect. According to [13], the typical value for a
microbolometer is on the order of 100 [mK]. Note that the knowledge of such
parameter is crucial for IR pattern recognition. Further, the NETD parameter
measures the system’s ability to perceive targets with a low thermal contrast
with the imaging background. It can be defined as the ratio between the noise
rms inherent on the system and the SiTF, then:

NETD =
Nrms[volts]

SITFSlope[volts/K]
(2)

2.3 Correctability

There are several methods to calibrate IR imaging system. The foregoing, has
generated the need of IR image quality indexes to evaluate the quality of the
applied correction method.

The Correctability figure of merit is based on the use of a thermal reference
(blackbody source). Further, the Correctability is able to evaluate the mitigation
of the FPN after calibration. Moreover this parameter magnitude is proportional
to the rate within the total noise and the temporal noise. Mathematically, it is
defined by:

c =

√
σ2

total

σ2
v

− 1 (3)

where σ2
total is the spatial variance given by:

σ2
total =

∑n
j=1(Y

c
j − Y )2

n − 1
(4)
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Y c
j is the jth corrected pixel value, Y is the spatial sample mean of the un-

corrected frame, and n is the number of pixels on the FPA.
Note that a Correctability value c = 0 indicates that the FPN has been

completely removed, which is highly desired. If the value is c = 1, the FPN after
the correction equals the temporal noise. When the level of correction is poor,
the residual FPN exceeds the values of the temporal noise, achieving c values
greater than 1.

3 Experimental Setup and Data Processing

To measure, experimentally, the IR imaging parameters outlined above, a labora-
tory set up has been implemented. This is composed by a CEDIP Jade UC FPA
Camera with a spatial resolution of 240×320 pixels, a spectral response between
8-12 [μm], 14 bits digital output. Further, detector material is an uncooled a-Si
microbolometer. For this system, the manufacturer guaranties a NETD lower
than 100 [mK]. The reference IR source used is a blackbody radiator, which
operates between 0-150 [◦C] and with a thermal resolution of 0.1 [◦C].

Fig. 1. Laboratory Setup

3.1 Radiometric Procedure

To measure the SiTF, 300 IR imaging frames where captured for each blackbody
setup temperature. Furthermore, the integration time of the IR imaging system
is fixed at 60 μs. Therefore, the dimensions for each data cube are 240×320×300.
In this case, there have been implemented measures between 0 and 150[◦C] with
5◦[C] incremental between the IR imaging frames. The average of each data cube
was plotted and it is represented by the Fig. 2.

Note that on Fig. 2 the standard deviation of each data cube decreases as
long as the temperature increases.

With the experimental data a linear regression, in the least squares sense, was
performed over all the image’s dynamic range. However because of the nonlinear-
ity of the imaging system response to the blackbody radiator, a linear regression
by sections is required. Further, the dynamic range has been separated on three
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Fig. 2. Transfer Function CEDIP Camera
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Fig. 3. SiTF Linear regression

sections representing the low, medium and high temperature values. The above
procedure can be seen in Fig. 3.

It can be seen in Table 1 the First-Order parameter obtained after the linear
regression for each range. Note that the slope is growing from the first section
to the third one.

Table 1. First-Order parameter of the radiometric procedure

[T. Range [oC] Ai,j [ADU/oC] Bi,j [ADU]

[10 , 40] 39.1 6973.7

[40 , 100] 57.5 6128.8

[100 , 120] 72.7 4741.3

3.2 NETD Experimental Procedure

The NETD must be calculated at different levels of temperature, because the
slope obtained by linear regression is growing along with the temperature levels.
Therefore, the steps to perform the NETD can be numbered as follows:

1. A temporal noise estimation is calculated for each specific temperature in
the linear range.
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2. A temporal IR imaging frame average at each temperature is calculated.
3. To isolate the temporal component in one frame, the difference between the

particular frame and the previous averaged frame is obtained. This procedure
is repeated for each frame in the chosen data cube.

4. Now it is calculated the rms value of the previous obtained frame.
5. Calculate the standard deviation for each pixel along the temporal axis and

then the final frame is averaged, see Fig. 4 for a best understanding.

Fig. 4. Temporal Noise Procedure

The results are detailed on Table 2. It is appreciated a NETD value decrease as
the temperature is higher. Furthermore, it shows that the NETD is not constant
for all the temperatures. According to this, it is possible to say that the thermal
resolution is better when the target temperature is higher.

Table 2. NETD experimental result at different temperature ranges

T. Range [oC] T. Selected [oC] SiTF [a.u/mK] N(rms)[a.u.] NETD [mK]

[10 , 40] 20 39.1 3.71 95.0

[40 , 100] 70 57.5 4.08 70.9

[100 , 120] 110 72.7 4.77 65.6

3.3 Correctability Experimental Procedure

To evaluate the Correctability IR imaging performance parameter, it is neces-
sary to perform a FPN correction on the raw IR imaging obtained by using the
experimental setup shown in Fig. 1. A Two-Point correction has been imple-
mented, retrieving the correction parameters for different ranges of temperature
[Tmin, Tmax]. The corrupted video set is selected by taking a temperature image
between the [Tmin, Tmax].

The procedure steps to calculate the Correctability can be enumerated as
follow:
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1. Select the raw IR frame and its corresponding calibrated frame over which
the Correctability will be calculated.

2. Calculate the spatial sample variance σ2
total, given by the equation 4, over

the two previous frames.
3. Calculate the temporal variance σ2

v .
4. Finally, apply the equation 3 to evaluate the Correctability parameter.

Note that this steps can be replicated to any FPN calibration method. The re-
sults shown in Table 3 indicate that the correction with the poorest performance
happened for the widest temperature range. This result is expected due to the
low accuracy of the linear approximation in broad ranges.

Table 3. Correctability performance parameters at six different temperatures, each
one tested with a different Two-Point correction

[Tmin, Tmax]oC at T oC Correctability

[25 , 45] measured at 35 0.6581

[60 , 80] measured at 70 0.6733

[95 , 115] measured at 105 23.4465

[20 , 30] measured at 25 0.5858

[10 , 140] measured at 75 94.2718

4 Conclusions

In this paper, three IR imaging system parameters have been analyzed by means
of a laboratory characterization. This has been achieved by using a CEDIP Jade
UC IRFPA camera and a Mikron blackbody radiator.

The radiometric transfer function coming out to be nonlinear up to 100 [oC]
and down to 20 [oC]. Further, the linear operation range was determined to be
between the previous values. Such linear range justifies the potential to apply
the JADE camera to most of the imaging applications in the field of human
biometrics.

The calculated NETD values are consistences with the ones delivered by the
manufacturer. Further, the best NETD obtained was 65 [mK], which is a accept-
able value for human biometrics IR pattern recognition.

Finally, the IR Correctability performance values obtained for two-points cor-
rection method, corroborate the figure of merit behavior according to the ac-
curacy of the correction. The best value obtained was 0.59, which represent a
correction below the electronic temporal noise.

As a general conclusion, it is necessary to say that the IR microbolometer
technology is very noisy for IR pattern recognition and special performance
parameters computations are necessary for any particular application.
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