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a b s t r a c t

This articles investigates the temperature errors due to chromatic aberration in multiwavelength ther-
mography methods. The Chromatic aberration leads to a shift in the perspective projection of a point in
the 3D space on the image formed at different wavelengths. This shift causes an error in the temperature
field calculated by polychromatic methods, from the fusion for each pixel of radiance temperature im-
ages at different wavelengths. The temperature error can reach 40% on a sample with high spatial non-
uniformities, due to wide variations of emissivity. This paper suggests an approach to correcting the
chromatic aberration that is based not on equipment but on software, coupled with a calibration, using
Digital Image Correlation (DIC). This experimental technique is a 2D optical method used in mechanical
engineering, for inferring a deformation of a plane structure's surface from a displacement field calcu-
lated by correlation between pixels of two successive images. This paper applies the technique to achieve
the field displacement induced between two images at two wavelengths by chromatic aberration. After
applying this correcting displacement field, the temperature error decreases from 40% to 1% for the pixels
located at the boundary of two areas with different emissivities.

1. Introduction

Thermography is a widely-used technique today in numerous
applications, such as defect detection ([3]), thermal properties
characterization ([8]), temperature measurement ([13,21]) or mil-
itary surveillance [25]. In applications that require quantitative
measurements of temperature fields, the influence of the emissiv-
ity, which is a thermo-optical property of the material, needs to be
investigated. To bypass the need for an absolute knowledge of the
emissivity, some techniques formulate assumptions and models of
its spectral behaviour and solve, at different wavelengths, a system
of equations using this modelling with images of radiance tem-
perature. The number of equations depends on the parameters
used in the emissivitymodelling, and the choice of wavelengths can
be critical [18]. Solving this system of equations from images of
radiance temperature at different wavelengths is performed for
each pixel to retrieve the true temperature and emissivity fields.
For example, monochromatic thermography considers the emis-
sivity as a known value. Bichromatic thermography [19] assumes

that the emissivity ratio at two wavelengths is known. Poly-
chromatic thermography [6] is based on different emissivity
modelling versus wavelength (polynomial, exponential, etc.).
Active bichromatic thermography [2] adds equations to take into
account strong parasite reflections on a specular metallic surface.
Bichromatic thermoreflectometry [7] evaluates the emissivity ratio
at two wavelengths by a reflectometry measurement.

The implementation of these techniques relies on systems of
spectral selection of the thermal radiation. Especially for bichro-
matic techniques, the use of dual-band cameras [1,17], is an
attractive solution. These cameras usually operate both in the
8!12 mm Long Wavelength Infrared (LWIR) and the 3!5 mm Me-
dium Wavelength Infrared (MWIR) spectral bands. Both operating
spectral bands may be too far to be able to make any assumptions
about the emissivity. Moreover, a spectral selection must often be
added to reduce the bandwidth of each spectral band by using
interference filters. Whether with dual or single band cameras,
spectral selection is very often performed by the switching of
interference filters. Unfortunately, interference filters on the lens
introduce optical defects [10] like ghost and narcissus effects and
chromatic aberration. These defects are widely presented in the
literature [15].

Indeed, the optical index of the material of lenses and filters
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depends on the wavelength, and the optical paths for different
wavelengths differ significantly. The perspective projection of a 3D
point of the object on the focal plane of the detector array is then
shifted from one wavelength to the other. The images are thus
distorted in two components: lateral (shift in the images) and
longitudinal (de-focussing). This paper only addresses the lateral
distortion of the images at several wavelengths.

For polychromatic thermography techniques, based on the res-
olution of a system of equations with images at different wave-
lengths, their shift means that for a given pixel, the matching 3D
point in the scene is not the same for different wavelengths. The
resolution for each pixel is thus physically inconsistent, which in-
duces an error in the temperature field calculated. A correction
method needs to be implemented to ensure that the same 3D point
is projected onto the same pixel regardless of the selected wave-
length. The ideal method would be to include it in a prior calibra-
tion procedure that can be adapted to any system consisting of
cameras, lenses and filters.

Many articles address the problem of the correction of chro-
matic aberration, but they deal mostly with the visible spectrum for
colour cameras (where the RGB channels are shifted), and they
often concern photogrammetry applications [14]. Chromatic aber-
ration can initially be reduced by taking a few precautions, such as
closing the aperture of the lens to a maximum so that only the
centre of the lens is used. However, this is very restrictive for low
flux applications. Alternatively, specific equipment can be added to
limit the effect of chromatic aberration. Telecentric lenses [20]
allow the rays to be turned perpendicularly to the detector plane
array. The drawbacks to this method are that it gives a small depth
of field and a significant length (around 50 cm). Achromatic and
apochromatic lenses [23], with a suitable surface treatment on the
glass, enable the correction of optical paths for two or three
wavelengths. In addition to their rather high prices, these compo-
nentsmust be added to a lens with a compatible focal length, which
restricts their use to fixed focal lenses and lowers the signal
received by the detectors.

Another solution, easily adaptable to any system and which also
removes the remaining defects of the previous solutions, is to
correct the distortion directly on the images by image processing
procedures. The first class of procedures benefits from the features
of the scene under view. In Ref. [4], automatic detection of edges
and contours is set up in the image, and image warping is applied.
The second class of procedures includes the modelling of chromatic
aberration in which parameters are estimated in a calibration step
using a specific pattern [11,15]. These methods are dedicated to
colour cameras which use a colour filter array consisting of amosaic
of spectral filters in front of the image sensor. The most common
spectral filter array is the Bayer filter which alternates red and
green filters for the odd pixel rows and green and blue filters for the
even pixel rows of the image sensor. The image processing proce-
dure [12] precisely determines the geometric distortions of the red
and blue image pixels in comparison to the green reference pixel.
For polychromatic thermography systems, spectral filters are not
dedicated to individual pixels but to all the pixels. The chromatic
aberration is not between pixels but between images acquired at
different wavelengths.

The suggested procedure for image processing does not
compute displacement between pixels for transferring the
perspective projection of 3D points from the green pixel to the red
or blue ones, but rather it computes a displacement field on the
whole image so as to transfer the perspective projection of 3D
points to the same pixel of two images acquired at two different
wavelengths.

The displacement fields are calculated by the Digital Image
Correlation (DIC) method, which is able to provide dense

displacement fields. This method is usually used in mechanical
engineering [24] to measure displacement fields between two
images and thus derive strain fields. It is therefore assumed that the
difference between the images comes only from the effect of the
displacement field of the observed structure. In our case, this
technique measures the displacement field of a surface of an image
at a given wavelength with respect to a reference image at another
wavelength. It is therefore assumed that any difference between
the reference image and the distorted image comes only from the
effect of the chromatic aberration between the two wavelengths.

The first part of this paper seeks to evaluate the temperature
error due to chromatic aberration in a bichromatic thermography
system. This study is performed on a specific sample, called the
“two-emissivity sample”, showing two areas with two very
different emissivities. The paper then presents the suggested image
processing procedure based on the DIC method, which is applied to
calculate the displacement field between two images at two
wavelengths acquired on a system composed of a lens and inter-
ference filters. The displacement field is determined within a
simple calibration step and applied in-line to correct the distortion
due to the chromatic aberration. Finally, the method is validated on
the previous two-emissivity sample, showing a significant decrease
in the temperature error at the boundary of the two areas.

The paper is organized as follows. Section 2 is dedicated to the
evaluation of the effects of the bichromatic thermography system.
Section 3 provides the measurement of the image shift at different
wavelengths by DIC methods implemented in the commercial
software, Vic2D. Section 4 presents the correction protocol and
shows the gains in terms of accuracy in temperature measurement.

2. Temperature error of bichromatic thermography due to
chromatic aberration

2.1. Principle of bichromatic thermography

Bichromatic thermography is a non-contact temperature mea-
surement method which does not require the absolute knowledge
of emissivity; only the ratio at two wavelengths is necessary. The
standard system is composed of a camera equipped with two
interference filters at wavelengths l1 and l2. Two radiance tem-
perature fields TR1(u,v) and TR2(u,v) can easily be calculated for each
pixel of coordinates (u,v) from two images acquired at the two
wavelengths using a previous radiometric calibration performed on
a blackbody for both filters (see article [22]). Knowing the radiance
temperature fields and the emissivity ratio field εr(u,v) of the scene
under view, the colour temperature field TC(u,v) is calculated ac-
cording to Eq. (1).
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The formulation of the Eq. (1) is based onWien's approximation
(available when lT & 3000 mm K and suitable for l 2 [0.9!1.7 mm]
spectral and T 2 [300!1000 'C] thermal range) and with as-
sumptions of no reflected radiation on the sample and no atmo-
spheric attenuation.

Obviously, this equation shows that the colour temperature field
comes from the fusion, at each pixel, of four physical quantities: the
radiance temperature fields and the emissivity fields at two
wavelengths. These four quantities must be spatially coherent. A



shift, even of a single pixel, between these quantities leads to a false
solution of the equation for each pixel and an temperature field.
This shift is evenmore damaging if the scene exhibits strong spatial
non-uniformities of heat gradient and/or emissivity. Potential dif-
ferential spatial distortions induced in each quantity by chromatic
aberrations must be checked, quantified and corrected if needed.

2.2. Calculation of the error on the “two-emissivity sample”

To highlight an error in the calculated temperature field, a
relevant non-uniform sample was designed, called a “two-emis-
sivity sample”, with a sharp boundary and very different emissiv-
ities for each homogeneous part. This sample, shown in Fig. 1c), is
composed of Zirconia stabilized with yttria, which is doped with
Erbium oxide ions on its left side, and with Dysprosium oxide ions
on its right. These two parts, called YSZ:Er3þ and YSZ:Dy3þ

respectively, have very different emissivity values and spectral
variations, as determined in the paper [7]. This sample is heated
uniformly on the rear side, so the surface temperature on the front
side should be relatively homogeneous.

The bichromatic thermography is performed at two near
wavelengths which are l1 ¼1.31 mmand l2 ¼ 1.55 mm. The choice of
these values is dictated by the requirement that theymust 1) not be
too close together to avoid parameter L being too high, 2) not be
too far apart, to stay in the detection spectral band (NIR
[0.9e1.7] mm) of the camera. It will be shown that, even for those
relatively close wavelengths, the effect of chromatic aberration can

be important.
This study of the temperature error is restricted to the profile

following the centre dashed line shown in Fig. 1b). The radiance
temperature profiles at two wavelengths l1 and l2 are drawn in
Fig. 2. The radiance temperature TR1 is equal to 890 K in the
YSZ:Er3þ part (from pixel 150 to 163) (and respectively 925 K in the
YSZ:Dy3þ part (from pixel 164 to 180)). TR2 is equal to 930 K in the
YSZ:Er3þ part (from pixel 150 to 166) (and respectively 905 K in the
YSZ:Dy3þ part (from pixel 167 to 180)). Their values are very
different and cross over at the boundary, which testifies that the
emissivity is very different from one part of the sample to the other,
and that it increases versus wavelength for YSZ:Er3þ and decreases
for YSZ:Dy3þ.

The radiance temperature value changes between pixels 163
and 164, whereas the value of the radiance temperature TR2
changes between pixels 166 and 167. A shift is then recorded from
one wavelength to the other of three pixels. Knowing the value and
the shift of radiance temperatures and the value of the emissivity
ratio εr(u,v) measured by thermoreflectometry in a previous work
(see article [7]), εr ¼ 0.56 of part YSZ:Er3þ (and respectively εr ¼ 1.2
of YSZ:Dy3þ), the colour temperature TC(u,v) is calculated according
to Eq. (1) and drawn in Fig. 2. For this correction, the boundary is
selected between pixels 164 and 165. On its left part, εr ¼ 0.56 is
applied, and on the right part, εr ¼ 1.2.

Outside of the boundary between the two parts of the sample,
from pixel 150 to 163 (for YSZ:Er3þ part), the value of the colour
temperature is equal to 975 K (and respectively from pixel 167 to
180 (for YSZ:Dy3þ part), it is around 950 K). The calculation of the
colour temperature TC is therefore efficient (since the temperature
is higher). The remaining difference between the two parts comes
from the thermal conductivity differences (see [7]) between each
part, i.e. the thermodynamic surface temperature is not exactly the
same.

However, within the boundary between the two parts of the
sample, from pixel 164 to 166 where the values of radiance tem-
perature are shifted, the calculation of TC exhibits absurd values
which lead to an error of 350 K for the worst case. The shift of
radiance temperature at two wavelengths due to chromatic aber-
ration leads to incoherent physical values (almost 40% of relative
error on colour temperature) and a false interpretation of the
colour temperature values. This shift, caused by lateral chromatic
aberrations, is critical and it must be taken into account in

Fig. 1. Photograph of the scenes under study: a) Reference pattern (Perlin noise) for
the distortion calculation by DIC; b) “Two-emissivity” sample for the temperature error
evaluation (and the profile under study). Fig. 2. Radiance and colour temperature on a profile of the “two-emissivity sample”.



polychromatic thermography techniques, particularly on hetero-
geneous scenes, for accurate quantitative measurement of tem-
peratures fields.

3. DIC measurement of the displacement map caused by
lateral chromatic aberration

Experimental evaluation of the lateral displacement induced by
chromatic aberration is provided in this section.

3.1. Background on Digital Image Correlation (DIC) for strain
determination

Digital Image Correlation (DIC) is usually used in mechanical
engineering ([5,16]) to measure displacement fields between two
images and thus derive strain fields. It is therefore assumed that the
difference between the images comes only from the effect of the
displacement field of the observed structure. A 3D point of physical
coordinates (x,y,z) then becomes the point (x*,y*,z*) after displace-
ment. Through the 2D perspective projection (P ) and following the
Eq. (2), these 3D points are projected into the pixel of coordinates
(u,v) and into the pixel of coordinates (u þ du,v þ dv) after
displacement. du and dv are then the apparent displacement in the
image. According to assumptions of plane-displacement on the
object and a previous geometric calibration, the displacement on
the object can be retrieved.

ðu; vÞ ¼ P ðx; y; zÞ
ðuþ du; vþ dvÞ ¼ P ðx(; y(; z(Þ (2)

For the calculation of the apparent image displacement from a
reference to a distorted image, du,dv, the DIC method assumes that
the grey level of the pixels between the images, acquired during the
displacement, is preserved and might change slightly. The detec-
tion, tracking andmatching of the grey level of a pixel in a sequence
of images are performed according to different formulations of the
equation of conservation of grey levels between a reference image
and a distorted image (see [9]). The minimization of this conser-
vation function is facilitated with images from an object which has
been painted with a Perlin noise pattern, called “mouchetis”. This
pattern consists of randomly distributed grey levels with a good
quality applied on the object. The size of the pattern must be
compatible with the value of the displacement. The quality of this
matching is represented by the correlation criterion, which in-
dicates the areas on the image where DIC is successful or fails. The
precision announced by the developers of VIC2D software on
deformation is ±0.02%.

3.2. Digital Image Correlation (DIC) method for lateral chromatic
aberration determination

This section provides the principle, the application and the
tunable parameters of the method of DIC applied to a bichromatic
thermography system.

3.2.1. Principle of DIC measurement of displacement induced by
chromatic aberration

The displacement field is then measured between a reference
image at a given wavelength and a distorted image at another
wavelength. It is assumed that any difference between the refer-
ence and the distorted image comes from the sole effect of the
chromatic aberration between the two wavelengths. This approach
introduces two main differences with respect to the mechanical
engineering application. First, the physical phenomenon at the
origin of the displacement is completely different. In mechanical

experiments, the displacement field is provided by a strain on the
material of the object. For chromatic aberration experiments, the
displacement field comes from optical distortion introduced by the
optical components of the camera (lens and interference) and not
from physical phenomena acting on the object. The 3D point on the
object does not move, but it is the perspective projection matrix
that induces distortion of the image, as depicted by Eq. (3) below:

ðu; vÞ ¼ P l1ðx; y; zÞ#
uþ dul1/l2 ; vþ dvl1/l2

$
¼ P l2ðx; y; zÞ

(3)

In the equation, the perspective projection matrix P l depends
on the wavelength. The scene under view is a random pattern, of
Perlin-noise-type, with a greyscale that varies continuously be-
tween the two extreme values set and with known sizes of the
pattern. Reference calibration targets are thus manufactured with a
calibrated Perlin noise pattern, contrast and size, depending on the
displacement to be measured, as illustrated in Fig. 1a).

3.2.2. Application of DIC to bichromatic thermography
Digital Image Correlation is applied to a bichromatic thermog-

raphy system composed of a camera equipped with a lens and
interference filters for spectral selection. Two optical components
induce chromatic aberrations and distortions between the bichro-
matic images. The displacement field is then calculated by the
Digital Image Correlation method (using VIC2D commercial soft-
ware) between the bichromatic images acquired in front of the
reference calibration target and according to the wavelengths and
the spectral bandwidths of the filter. The size of the global
displacement is evaluated by the criterion C which calculates the
mean value of the displacement image, as written in Eq. (4):

C ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1

MN

XM

u0¼1

XN

v0¼1

&
du2l1/l2

ðu0; v0Þ þ dv2l1/l2
ðu0; v0Þ

'
vuut (4)

N (and respectivelyM) is the number of rows (and respectively the
number of columns) of the displacement image. Note that this size
can be different from the image size, depending on the correlation
window size and step. A high value of C means a high value of the
displacement over the whole image, i.e. a strong influence of lateral
chromatic aberration.

3.2.3. DIC tunable parameters
DIC depends on the correlationwindow size (i.e. the search area

to match the pattern between two images), and the step (i.e. the
number of pixels between two consecutive correlation windows).
The correlation window and the step thus define the displacement
number calculated over the whole image. For example, choosing a
correlation window of 25 pixels and a step of 10 pixels, reduces the
number of points by a factor of 25. A low correlation window size
decreases the quality (or correlation criterion) of DIC. A compro-
mise must be made to keep the number of points significant, and
the quality of DIC acceptable. For our application, the default setting
of a window size of 21 pixels and a step of 5 pixels seems
compatible with the pattern's image and the quality of DIC.

3.3. Experimental set-up

The experimental set-up, based on a camera equipped with a
lens and a filter wheel, on different active sources and on the
reference calibration target, is presented as a schematic view in
Fig. 3.

The Xenics Xeva NIR camera uses an InGaAs detector, enabling
detection from 0.9 to 1.7 mm. The size of the matrix is 320 ) 256



with a pitch of 30 mmand the integration time goes from 1 m s to 1 s.
The Sutter Instrument Filter wheel has 5 locations. 2 are occu-

pied by 1310 and 1550 nm filters with a spectral bandwidth of
50 nm. The optical sources are, firstly a standard 100 W Tungsten
lamp generating a wide white spectrum over the visible and the
NIR range, then two extended laser sources at wavelengths of 1310
and 1550 nmwith a bandwidth of about 1 nm. The beam diameters
are about 5 cm.

The reference target is a Perlin noise reference plate (Fig. 1a)) for
the calculations of spectral displacements.

3.4. Measurement of the displacement fields by DIC

The different setup configurations are presented, and the
determination of the displacements (field and mean values) are
provided.

3.4.1. Selection of configurations
Five configurations were selected and are given in Table 1.

Configuration 1 investigates the influence of the filter and the lens
over a wide bandwidth 50 nm. The reference calibration target is
illuminated by the white source. The bichromatic images are the
reference image acquired at the wavelength of 1.31 mm and the
distorted image acquired at the wavelength of 1.55 mm. This
configuration is compared to configuration 2 to analyse the influ-
ence of the filter bandwidth on the chromatic aberration. In
configuration 2, the reference calibration target is then illuminated
by the laser sources with a spectral bandwidth of 1 nm. Configu-
ration 3 highlights the influence of the lens on the chromatic ab-
erration. The reference calibration target is still illuminated by the
laser sources and the reference and distorted images are acquired
without placing any filter in the optical path. Configurations 4 and 5
aim to evaluate the influence of the interference filter at each
wavelength. In configuration 4, the reference calibration target is

illuminated by the laser source at 1.31m. The reference image at the
wavelength of 1.31 mm is acquiredwithout a filter, and the distorted
image with a filter. Configuration 5 is the same, but with a wave-
length of 1.55 mm.

3.4.2. Analysis of the mean value of the displacement
In the last column of Table 1, the value of the criterion C for the

different configurations is displayed. The lowest value of C (0.33) is
provided by configuration 3, which uses a short bandwidth source
and does not include a filter in the optical path. The chromatic
aberration that is due only to the lens is low, because the specific
NIR lens is well adapted to the spectral response of the detector. The
comparison of the value of C between configurations 1 and 2 leads
to the conclusion that the spectral bandwidth has no influence on
chromatic aberration. These configurations correspond to the
highest values of C, when the optical path includes both the lens
and filters. Therefore, the major contribution to chromatic aberra-
tion appears to come from the filters.

The value of C for configuration 1 is around the double than for
configuration 4 or 5. It seems that C is roughly proportional to the
number of filters involved in the calibration process. To compare
the chromatic aberration introduced by each filter, configurations 4
and 5 are compared. The value of criterion C is equal to 1.47 for
configuration 4 and wavelength 1.31 mm (and respectively, for
configuration 5, 1.80 and wavelength 1.55 mm). The influence of the
chromatic aberration is thus higher for the filter with a central
wavelength of 1.55 mm.

3.4.3. Analysis of the displacement fields
Fig. 4 shows displacement fields for various configurations.
The lowest value of C (0.33) recorded for configuration 3 cor-

responds to the displacement field displayed in Fig. 4b). This
displacement field is a centred pattern. The vectors located in the
centre of the field are almost null, and the vectors located on the
borders of the field are directed towards the centre. This pattern is
very comparable to the typical chromatic aberration encountered
for visible lenses (distortion). For the central pixel, chromatic ab-
erration induces an axial displacement of the focal point (simple
blur). For the other pixels, chromatic aberration induces both blur
and lateral shift. This lateral shift is all the more pronounced as the
angle to this pixel of the central ray and the optical axis is high.

The highest value of C (2.92) corresponds to Fig. 4a) which
shows the displacement field resulting from the sum of the
distortion induced by the lens and filter. The displacement field is
calculated referring to wavelength 1.31 mm. For configuration 2, the
displacement field is very similar to Fig. 4a). This confirms that a
bandwidth of 50 nm or 1 nm has no influence on the distortion of
the image.

Fig. 4c) and d) show displacement vectors aligned, pointing
towards the top of the image for wavelength 1.31 mm and towards
the bottom right for wavelength 1.55 mm. This effect is a compo-
sition of the influence of the lens and the filter for each wavelength.

To conclude, the quantification of chromatic aberration was

Fig. 3. Schematic top view of the apparatus.

Table 1
Description of the configurations and results.

Config. no Reference image Deformed image C (pixels

Source Component Wavelength (mm) Source Component Wavelength (mm)

1 White Lens Filter 1.31 White Lens Filter 1.55 2.92
2 Laser Lens Filter 1.31 Laser Lens Filter 1.55 2.96
3 Laser Lens 1.31 Laser Lens 1.55 0.33
4 Laser Lens 1.31 Laser Lens Filter 1.31 1.47
5 Laser Lens 1.55 Laser Lens Filter 1.55 1.80



provided in this part for a camera-lens-filter system. At its
maximum it reaches almost 3 pixels (configuration 2), and is
mainly caused by the filters.

3.4.4. Reproducibility of measurement
A repetition test is performed to evaluate the precision of pre-

vious DIC measurements. As those displacements are supposed to
be applied to infrared images in the thermography step, it is
important to prove that there is no artifacts such as component
unstability in the whole process. The optical component which
could be affected by it are the filters. They are moved by the fil-
terwheel, and this section studies the possible variation of the tilt
between the lens and the filter.

To do so, a reference image at 1.31 mm is acquired, the filter
wheel goes to the 1.55 mm filter location, another image is acquired
and the displacement is calculated. Then the filterwheel is moved
to another location, then replaced at 1.55 mm location, another
image is acquired and another displacement map is calculated. This
test is repeated until ten displacement maps are obtained (or 19
rotations of the filter wheel). The idea is then to analyse the
displacement maps variation over the ten tests. The displacements
provided by VIC2D software are given along u and v direction (du
and dv, see Eq. (3)), so it is possible to calculate a standard deviation
map over the ten tests (sdu and sdv), and their mean values over the
image (sdu and sdvÞ. Criteria C is also calculated for each test and its
standard deviation over the ten tests (sC).

The results show a very small variation of the displacement
maps, sdu is equal to 0.0037 pixels, sdv to 0.0055 pixels and sC is
around 0.0051 pixels. The system can thus be considered as
temporarily stable, and the filters are positioned at an exact posi-
tion after each rotation.

4. Correction of thermal images

4.1. Protocol

The correction protocol is divided into two steps. First, a chro-
matic aberration calibration is performed for the calculation of the
reference displacement field between the bichromatic images.
Next, the real-time correction is achieved by applying this reference
displacement field to the thermal images that are used to compute
the radiance temperature fields.

The chromatic aberration calibration resumes the experiment of
the previous section according to configuration 1. The reference
calibration target is illuminated by the white source. The bichro-
matic images are the reference image acquired at thewavelength of
1.55 mm and the distorted image acquired at the wavelength of
1.31 mm. As correlation is symmetrical, it has no influence on the
distortion (except for the sign of the vectors). The displacement of
the image at 1.31 mm is then calculated referring to the one at
1.55 mm. Using DIC, the reference displacement field of the image at
1.31 mm is then calculated referring to the one at 1.55 mm.

For the bichromatic measurement, the real-time correction
consists in applying the image reference displacement field to the
image acquired at 1.31 mm. The corrected image is the input for the
calculation of the radiance temperature field TR1(u,v). As the dis-
placements are equal to a non-entire number of pixels, an inter-
polation step calculates new values of a pixel referring to its nearest
four neighbours. After this interpolation step, the corrected image
has the same number of pixels as the raw image. Residual blur will
come from the interpolation step, which unavoidably induces an
error of ±1 pixel.

Fig. 4. Displacement maps for: a) configuration 1; b) configuration 3; c) configuration
4; d) configuration 5.



4.2. Temperature error with chromatic aberration correction

The colour temperature field is again calculated on the two-
emissivity sample by a bichromatic thermography method
including a chromatic aberration correction. Applying the previous
protocol to the image at 1.31 mm, the corrected colour temperature
is calculated. The colour temperature obtained for the parts outside
the boundary are considered as the reference (true) temperature,
i.e. 975 K for the YSZ:Er3þ part, and 950 K for the YSZ:Dy3þ part. A
temperature error can then be calculated as the absolute difference
between the colour temperature at a given pixel and its corre-
sponding reference temperature. It is displayed in the semi-
logarithmic graph in Fig. 5, along the dashed line already pre-
sented, before and after correction.

This graph clearly shows the benefits of the chromatic aberra-
tion correction in terms of temperature error. Without correction,
the error can be significant for the three pixels at the boundary of
the two parts, as already shown in Fig. 2. With correction, the two
boundaries are coincident and the calculation of colour tempera-
ture no longer shows any incoherent values, with the error staying
within 10 K. Thus, this correction has greatly improved the accuracy
of the temperature measurement and shown that it can be a very
useful tool for quantitative field temperature measurement.

5. Conclusion

This paper deals with the temperature error in polychromatic
thermography measurement due to chromatic aberrations. The
polychromatic thermography system studied was composed of a
camera operating in the NIR spectral band, a lens and a set of filters.
First, the temperature error was quantified on a specific sample
composed of two emissivities. The suggested approach was based
on a first calibration step, where the displacements of an image at
one wavelength were calculated with reference to another wave-
length. Then the displacement map was applied to the other
spectral image. This correction greatly improved the accuracy of
temperature readings.

The first section investigated the influence of chromatic aber-
ration on the bichromatic temperature error. The chromatic aber-
ration on the polychromatic thermography system leads to a pixel
shift or displacement on radiance temperature measurements at
different wavelengths. When these radiance temperatures are
merged to establish a true temperature value, this spatial incon-
sistency leads to incorrect temperature values at the boundary of

the two materials of the heterogeneous scene. Such errors can
reach 40%.

The next section presented the suggested approach for the
software correction of chromatic aberration on temperature. The
approach is based on the evaluation by DIC of two-dimensional
displacement between the pixels for the different wavelengths.
By tuning the experimental conditions (laser source, with or
without filter), a dissociation of the effect of each optical element
was deduced. The main source of distortion (almost 3 pixels) were
the filters, probably due to the tilt between them and the lens.

The last section was devoted to the correction algorithm. The
displacement was applied to the image at a first wavelength, taking
the second one as a reference. As the displacement was equal to a
non-entire number of pixels, a step of image interpolation was
computed between the four neighbours. When this was applied to
the temperature measurement application, the accuracy was
greatly improved.

To conclude, for polychromatic thermography, the computation
of true temperature field measurement needs to take into account
the impact of chromatic aberration. The article suggests an
approach based on Digital Image Correlation and a rigorous char-
acterization. The main originality of this work is to prove that the
correction leads to a significant improvement in the temperature
measurement.
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