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Abstract The radiance coming from the interior of an uncooled infrared camera has
significant effect on the quality of an infrared image. The classical two-point-correction
(TPC) method fails to remove this effect where no TPC data is collected. To overcome this
deficit, this paper presents a three-phase scheme. First, from a set of samples and through
least squares fitting, how the TPC datum varies with the interior temperature of the camera
is determined. On this basis, all the necessary TPC data are calculated. Finally, the collected
infrared image is corrected with the TPC method. Theoretical analysis and experimental
results show that, for a proper interior temperature of the camera, the scheme can remove
the effect effectively.
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1 Introduction

Apart from the radiance coming from the object being focused, the pixels on the focal plane
array (FPA) in a camera also receive the unfocused flux from the interior of the camera
(camera radiance for short), which has significant effect on the quality of infrared image
[1–3]. In addition, the camera radiance varies with the interior temperature of the camera
(camera temperature), resulting from the change of the ambient temperature. Where the
infrared images of the appointed high-temperature and low-temperature blackbodies (two-
point-correction data or TPC data) can be acquired, the classical TPC method can
effectively remove the effects of both the non-uniformity of the FPA and the camera
radiance on the infrared image. Unfortunately, this method fails when the TPC data are
unavailable.
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To overcome the above mentioned deficit of the TPC method, this paper proposes a
novel three-phase method, which is outlined below. First, from a set of samples and through
least squares fitting, how each pixel value in the TPC data (TPC datum) varies with the
camera temperature is determined. On this basis, all the necessary TPC data are calculated.
Finally, the collected infrared image is corrected with the TPC method, and as a result, the
effect is removed.

The paper is organized as follows: Section 2 provides the background knowledge and
Section 3 indicates a shortcoming of the two-point-correction method. A new method for
removing the effect of the camera radiance is proposed in Section 4. Experimental results
are given in Section 5 and some conclusions are drawn in Section 6.

2 Background knowledge

Figure 1 plots an infrared focal plane arrays (FPA) camera. The detector used in the camera
is an LW IRCMOS uncooled integrated microbolometer detector referenced as UL 01 01 1
made by ULIS [4] (see Fig. 2), which has 320×240 pixels and a spectral response ranging
from 8 μm∼14 μm.

The radiance reaching the camera can be modeled as:

EB ¼ t(LB TSð Þ þ t 1� (ð ÞLA TAð Þ þ 1� tð ÞLATM TATMð Þ; ð1Þ
where LB is the blackbody emittance, C the atmosphere transmission coefficient, ( the
emissivity, TS the temperature of the object being focused, TA the ambient temperature of
the object, and TATM the atmospheric temperature [2, 5].

In what follows, we adopt the following two hypotheses.

(H1) The camera is close to the object, and C is unity. This implies

EB ¼ (LB TSð Þ þ 1� (ð ÞLA TAð Þ: ð2Þ

Fig. 1 Illustration of an Infrared
FPA camera.

Fig. 2 UL 01 01 1 detector [4].
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(H2) The object is a blackbody with emissivity ( =1. Then

EB TBð Þ ¼ LB TBð Þ ¼ LB TSð Þ: ð3Þ

Despite a metal packaging is placed in front of the FPA, it can’t remove the flux which
doesn’t come from the object via lens [1, 2] (see Figs. 2 and 3). Therefore pixels on FPA
receive not only the radiance from the object being focused (object radiance), but also the
camera radiance [1, 2, 6].

The radiance received by each pixel on the FPA, which is the sum of the blackbody
radiance and the camera radiance, can be modeled as:

Ei; j TB; TCð Þ ¼ α1
i; jEB TBð Þ þ α2

i; jEC TCð Þ; ð4Þ

where (i, j) denotes the position of the pixel on FPA, TB the blackbody temperature, TC the
camera temperature, i.e. the readout of the temperature sensor S (see Fig. 1), EC the camera
radiance, and αi, j

1 and αi, j
2 constants. It should be indicated that the camera temperature

varies with the ambient temperature. Indeed, experimental results show that the camera
temperature is always higher than the ambient temperature.

Let Ri, j denote the responsivity of the (i, j) pixel. Then, the intensity is determined by

Di; j TB; TCð Þ ¼ Ri; j � α1
i; jEB TBð Þ þ α2

i; jEC TCð Þ
h i

þ Offi; j

¼ R1
i; jEB TBð Þ þ R2

i; jEC TCð Þ þ Offi; j; ð5Þ

where R1
i; j ¼ Ri; jα1

i; j denotes the responsivity of the (i, j) pixel to the object radiance,
R2
i; j ¼ Ri; jα2

i; j the responsivity to the camera radiance, and Offi, j a constant.

3 Shortcoming of TPC method

For each pixel on FPA, even though the value of EB(TB) is constant, its pixel values is
different because the values of Ri, j

1 and Ri, j
2 EC (TC)+Offi, j vary with the position (i, j) [7, 8].

To deal with this, the following equation, which is closely related to the two-point-
correction (TPC) method [9], is often employed.

D0
i; j TB; TCð Þ ¼ DH � DL

Di; j TH ; TCRð Þ � Di; j TL; TCRð Þ � Di; j TB; TCð Þ � Di; j TL; TCRð Þ� �þ DL; ð6Þ

Fig. 3 Radiance received by a
pixel [1].
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where Di, j(TB,TC) and Di, j′ (TB,TC) are the original and corrected values of the (i, j) pixel in
the infrared image, respectively, Di, j (TH,TCR) and Di, j (TL,TCR) are the values of the (i, j)
pixels in the infrared images of the high-temperature and low-temperature blackbodies at
the camera temperature TCR, respectively, DH and DL are the mean values of Di, j (TH,TCR)
and Di, j (TL,TCR), respectively, and TH and TL are the temperatures of the high-temperature
and low-temperature blackbodies, respectively.

By Eq. 5, Di, j (TL,TCR) and Di, j (TH,TCR) can be written as

Di; j TL; TCRð Þ ¼ R1
i; jEB TLð Þ þ R2

i; jEC TCRð Þ þ Offi; j; ð7Þ

Di; j TH ; TCRð Þ ¼ R1
i; jEB THð Þ þ R2

i; jEC TCRð Þ þ Offi; j: ð8Þ

Substituting Eqs. 5, 7 and 8 into Eq. 6, we get:

D0
i; j TB; TCð Þ ¼ DH � DL

EB THð Þ � EB TLð Þ � EB TBð Þ � EB TLð Þ½ �þ DH � DL

R1
i; jEB THð Þ � R1

i; jEB TLð Þ
� R2

i; jEC TCð Þ � R2
i; jEC TCRð Þ

h i
þ DL

:

ð9Þ

Let

Eri; j TC ; TCRð Þ ¼ DH � DL

R1
i; jEB THð Þ � R1

i; jEB TLð Þ � R2
i; jEC TCð Þ � R2

i; jEC TCRð Þ
h i

: ð10Þ

If the camera temperature TC, where the infrared image is collected, is equal to that of
the TPC data TCR, then Eri, j(TC,TCR) = 0. Thus,

D0
i; j TB; TCð Þ ¼ DH � DL

EB THð Þ � EB TLð Þ � EB TBð Þ � EB TLð Þ½ � þ DL: ð11Þ

Equation 11 does not contain any item related to the camera radiance and the
responsivity of the pixel. Therefore, when TC equals TCR, TPC method can effectively
remove the effects of the camera radiance and the non-uniformity of responsivity.

When TC≠TCR, the TPC data at camera temperature TCR will be used to correct the
infrared image collected at camera temperature TC. In this case, an inspection of Eq. 10
concludes that Eri, j(TC,TCR) is dependent on the camera radiance and the pixel respon-
sivity. Furthermore, a larger difference between TC and TCR would yield a larger value of
Eri, j (TC,TCR) and hence a poorer quality of the corrected infrared image.

Therefore, the TPC method can remove the effect of the camera radiance only when the
TPC data are available.

4 Proposed method

According to the above discussion, the TPC method doesn’t effectively remove the effect of
the camera radiance where no TPC data is available. Fortunately, through least squares
fitting, the TPC data at any camera temperature can be worked out.
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4.1 Fitting polynomial of the TPC data

From Eq. 5, the value of the (i, j) pixel in the low-temperature blackbody image is
governed by

Di; j TL; TCð Þ ¼ R1
i; jEB TLð Þ þ R2

i; jEC TCð Þ þ Offi; j: ð12Þ

As TL is fixed, Ri, j
1 EB(TL)+Offi, j keeps constant. As a result, Di, j(TL,TC) can be regarded

as the function of TC, which is often approximated by the following polynomial of degree n
[2, 10].

Di; j TL; TCð Þ � Fn
i; j
TCð Þ ¼

Xn
k¼0

ak i; jð ÞTk
C: ð13Þ

The values of an(i, j),…, a0(i, j) can be determined by means of least squares fitting by
using the (i, j) pixel values in collected infrared images of the low-temperature blackbody at
more than n+1 different camera temperatures (training sample data). In view of the
working temperature range of the cameras from 278.15K to 313.15K (5°C to 40°C), which
departs from origin, the normal equations of the fitting polynomial may be ill-conditional.
To overcome the drawback, the following equation, a translation of Eq. 13, can be adopted.

Fn
i; j
TCð Þ � Di; j TL; TMð Þ ¼

Xn
k¼0

ak i; jð Þ TC � TMð Þk ; ð14Þ

where, TM is the median of the camera temperatures of training sample data and Di, j (TL,TM)
is the value of the (i, j) pixel at TM.

Let the infrared image of the low-temperature blackbody at the camera temperature TCT
be collected to measure the precision of the fitting function (testing sample data). The mean
squared error (MSE) δn(TCT) is determined by

dn TCTð Þ ¼ 1

H �W

XH�1

i¼0

XW�1

j¼0

Fn
i; j
TCTð Þ � Di; j TL; TCTð Þ

h i2
; ð15Þ

where, H (H=240) and W (W=320) are the height and width of the collected infrared image
respectively.

The average MSE of the all testing sample data for the nth degree polynomial d
n
is

expressed by the following equation

d
n ¼ avg

all TCT

dn TCTð Þð Þ: ð16Þ

4.2 Choice of the degree of the polynomial

Experimental results show that the precision of the fitting function varies with the degree of
the polynomial. If the training sample data at E different ambient temperatures are
collected, then the degree of the polynomial n ranges from 0 to E-1. So, the optimal degree
d, which causes the minimal average fitting error, can be determined by

δ
d ¼ min

n2 0;E�1½ �
δ
n

� �
: ð17Þ
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For the purpose, the infrared images of the low-temperature blackbody at 10 different
ambient temperatures are collected, seven as the training sample data and the rest as the
testing sample data, i.e. E=7. From Table 1, it can be seen that, the average MSE of third-
degree polynomial reaches minimal value. In addition, the values of a5(i,j) and a6(i,j) of the
polynomials beyond degree 5 are less than 10-6. Thus the following third-degree
polynomial is adopted.

Di; j TL; TCð Þ � F3
i; j TCð Þ ¼ a3 i; jð ÞT3

C þ a2 i; jð ÞT 2
C þ a1 i; jð ÞTC þ a0 i; jð Þ: ð18Þ

Like Eq. 14, Eq. 18 can be written as

Di; j TL; TCð Þ � Di; j TL; TMð Þ �
X3
k¼0

ak i; jð Þ TC � TMð Þk : ð19Þ

Figure 4 depicts the collected pixel values (see “+”) and the fitting curves corresponding
to Eq. 19, which approximately represents the dependency of Di,j (TL,TC) on TC.

Similarly, the pixel value in the infrared image of the high-temperature blackbody is also
approximated as a third-degree polynomial of TC.

Di; j TH ; TCð Þ � G3
i; j TCð Þ ¼ b3 i; jð ÞT 3

C þ b2 i; jð ÞT2
C þ b1 i; jð ÞTC þ b0 i; jð Þ; ð20Þ

Di; j TH ; TCð Þ � Di; j TH ; TMð Þ �
X3
k¼0

bk i; jð Þ TC � TMð Þk : ð21Þ

Table 1 Average MSE and the coefficients of the 1–6th degree polynomials for (160,120) pixel in the
testing sample data.

Degree avgMSE a0(i, j) a1(i, j) a2(i, j) a3(i, j) a4(i, j) a5(i, j) a6(i, j)

1 316787.68 −145.153 14.8842
2 425.44 9.46870 52.6880 0.131302
3 317.58 1.84802 53.4334 0.217183 0.000291
4 352.56 1.99947 53.4943 0.212692 −0.000173 −0.000002
5 384.51 2.44322 53.5023 0.205539 −0.000486 −0.000001 0
6 439.55 10.0535 51.4512 0.166666 0.006227 −0.000008 0 0

Fig. 4 Values of the (100, 100),
(160,120) and (200,200) pixels in
the infrared image of the low
temperature blackbody with the
camera temperature.
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The values of b3(i, j),…, b0(i, j) and a3(i, j),…, a0(i, j) can be figured out with the values
of the (i, j) pixel in the infrared images of the high-temperature and low-temperature
blackbodies (TPC training sample data) at more than four different camera temperatures,
respectively.

4.3 Determining the coefficient of the polynomial

Based on the previous discussions, we present a complete description of the building the
third-degree polynomial process as follows.

1) At each of the appointed ambient temperature, the TPC training sample data and the
corresponding camera temperature are collected.

2) The coefficients of Eqs. 19 and 21 for each pixel are calculated by means of least
squares fitting and with the TPC training sample data and their camera temperatures.

4.4 Removing the effect of the camera radiance

The process of removing the effect of the camera radiance on infrared image is outlined
below.

1) The current camera temperature TC is collected.
2) The values of each pixel in the infrared images of the low-temperature and high-

temperature blackbodies (TPC data) are computed at TC by using Eqs. 19 and 21,
respectively. Then, the gains and offsets are calculated according to

Gaini; j TCð Þ ¼ D TH ; TCð Þ � D TL; TCð Þ
Di; j TH ; TCð Þ � Di; j TL; TCð Þ ; ð22Þ

Oi; j TCð Þ ¼ DL � Gi; j TCð Þ � Di; j TL; TCð Þ; ð23Þ

where Gaini,j (TC) and Oi,j (TC) are gain and offset of the (i,j) pixel, respectively, D TH ; TCð Þ
and D TL; TCð Þ are the mean values of Di,j (TH,TC) and Di,j (TL,TC), respectively.

From Eqs. 22 and 23, Eq. 6 can be rewritten as:

D'i; j TCð Þ ¼ Gaini; j TCð Þ � Di; j TCð Þ þ Oi; j TCð Þ: ð24Þ

3) The infrared image collected at current camera temperature TC can be corrected using
Eq. 24. As a result, the effect of the camera radiance on the infrared image is removed
effectively.

5 Experiment

In our experiment, two large area blackbodies referenced as M315X8 [11] are chosen,
where the low-temperature blackbody is at 30°C, and the high-temperature blackbody is at
60°C. A temperature chamber is utilized to change the ambient temperature of the camera.
The infrared images of the high-temperature and low-temperature blackbodies for six
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different ambient temperatures (5, 10, 15, 20, 30, 40°C) are collected to calculate the
coefficients of the Eqs. 19 and 21.

Figure 5 illustrates the corrected infrared images, which is collected at ambient
temperature 8°C (camera temperature 11.25°C). A is the original infrared image without
correction, and B, C, D and E are the corrected infrared images with TPC data collected at
ambient temperatures 30, 20, 15 and 10°C (camera temperatures 32.562, 22.75, 17.5 and
12.625°C), respectively. F denotes the infrared image corrected with the TPC data
calculated at camera temperature 284.4K (11.25°C) through Eqs. 19 and 21. From Fig. 5,
we can see that the closer the camera temperature of the original image is to that of the TPC
data, the better the quality of the corrected image is. Among all corrected images, the
quality of F is the best.

Figure 6 illustrates the corrected infrared images at ambient temperature 26°C (camera
temperature 29.69°C). For clarity, the temperature window of the images in Fig. 6 is
narrower than that in Fig. 5. In Fig. 6, the left infrared image is corrected by the proposed
method and with the TPC data calculated at camera temperature 302.84K (29.69°C)
through Eqs. 19 and 21. The right one is corrected with the TPC data collected at ambient
temperature 30°C (camera temperature 32.562°C). It can be seen that the left one exhibits
more details and less pattern noise (vertical line) than the right one.

Fig. 5 Corrected infrared images collected at ambient temperature 8°C (camera temperature 11.25°C) with
the TPC data collected at camera temperatures 30, 20, 15 and 10°C and calculated at camera temperature
284.4K (11.25°C) (F).

Fig. 6 Corrected infrared images
collected at ambient temperature
26°C (camera temperature
29.69°C) with the TPC data
calculated at camera temperature
302.84K (29.69°C) (left) and
collected at ambient temperature
30°C (camera temperature
32.562°C) (right).
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6 Conclusions

This paper proposes a new scheme of removing the effect of the camera radiance on the
infrared image. Using least squares fitting, the method determines the functions of the pixel
values in the infrared images of the high-temperature and low-temperature blackbodies with
the camera temperature. With these fitting functions, the two-point-correction data are
calculated for a proper camera temperature. Theoretical analysis and experimental results
show that the scheme can remove the effect effectively.
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