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Abstract

One goal of remote sensing in the thermal infrared region is the determination of
the temperature and surface emissivity in urban areas. For the conversion of
Digital Numbers (DN) into radiance values, it is important to characterize the 
uncertainty sources associated with the process of data acquisition itself and with 
other important factors such as the atmospheric correction. This study addresses 
this topic. Results showed that the uncertainties due to the atmospheric influence 
was the factor that most contributed to the final data uncertainty (3%), followed by 
the uncertainties associated with the radiance determination (0.5%). As a result, 
the final uncertainties in temperature data obtained for each pixel was 1.8 ° C, 
which varied with the studied urban material.
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1. Introduction

The thermal remote sensing has been used in several urban studies due to the 
possibility of obtaining temperature and emissivity data on a per-pixel basis and of 
associating them with the use of the urban space. However, to use these data, it is 
essential to understand the process of thermal imaging and the steps applied to 
obtain the image in physical quantities such as radiance, temperature or emissivity.

The HSS (Hyperspectral Scanner System) sensor operates in 50 bands (or chan-
nels) in the visible, near-infrared, shortwave infrared and thermal spectral intervals. 
The six thermal infrared bands are positioned between 8 and 12.5 �m (Moreira et 
al., 2005; Sensytech, 2004). In addition, the HSS sensor has two reference black-
bodies (RBB1 and RBB2), which are used as references of thermodynamic temper-
ature (minimum and maximum) for calibration purposes. The image of each band 
of the HSS sensor is quantified in Digital Number (DN) of the voltage/current pro-
vided by the detector element and associated electronics, which is related to the 
signal generated by emitted and/or reflected radiation (from the surface and atmos-
phere), combined with the gain and offset factors adjusted by the operator.

Therefore, the aim of this paper is to evaluate the uncertainties in the process of 
estimating surface temperature. This includes the methodology to convert DN's of
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the HSS sensor Thermal Infrared (TIR) images into radiance values. Furthermore,
the resultant radiance images were corrected for the atmospheric effects before 
estimating the surface temperature and relative spectral emissivity. Finally, using 
this approach, an instrumental uncertainty was obtained.

2. Methodology 

The methodology involved several sequential steps. The first step was to assess
the quality of the images, including the possible presence of strong variations in 
brightness associated with the geometry of data acquisition. In the second step, we 
evaluated the adjustments of the thermodynamic temperatures of the reference 
blackbodies and its correlation with DN's, to check for possible occurrence of pix-
els with abnormal values. In the third step, we observed the fluctuations of the DN's 
reference blackbodies to estimate the noise in the image, based on the work of 
Castro et al. (2005; 2007). Thus, the noise was determined by the ratio of standard 
deviation of DN's reference blackbody (RBB2), adjusted to the highest temperature, 
and the mean value of its DN's.

Finally, to convert the DN's into radiance values, it was necessary to conduct a 
thermal characterization of the image generated. This process started with the de-
termination of the spectral exitance of the blackbody through the Planck’s equation 
(Schott, 1997). After that, to estimate the spectral exitance of the RBB's, we used
the reference blackbody thermodynamic temperatures, TRBB, thus:

(1)

To calculate the spectral radiance of the RBB´s, LRBB, by the means of their 
exitance in a given thermodynamic temperature, TRBB, we assumed that: a) the 
surface of the RBB´s has an isotropic emission, b) the emissivities of the RBB´s,
�RBB

The parameters, Gain

(�), are equal to 1; c) and the transmittance of the optical path in the sensor is 
maximum, i.e., equal to 1, and further taken into account by the Spectral Response 
Function, SRF, of each band, b. 

b and Offsetb

Then, to obtain surface radiance images, L

, for each band, were obtained through an ad-
justment of a linear fit of the estimated radiance as a function of DN's for both
RBB´s. The value obtained was the at-sensor radiance.

s, it was necessary to evaluate and 
correct the effects of the atmosphere (downwelling radiance, Ld; material emissivi-
ty, �ma t; transmittance, �� and path radiance, Lpth

� �	 
 bpthbmatbdbbebbs LLLL ,,,,, 1 ���� ���

) for each band, as described by the 
equation.  

(2) 

Thereby, by using the methodology explained by Andrade et al. (2012), the 
downwelling radiance, transmittance, and path radiance was estimated. These pa-
rameters considered the Spectral Response Function, SRF, of each band, b, of the 
sensor. For example, to obtain a transmittance factor, �b, we used the equation:  

� � � �

� ��

�





�
2

1

2

1

d

d

�

�

�

�

��

����

�

b

b

b

SRF

SRF

(3) 

� � � � � �� 

�
�

�
�
�

�
�


�




2

1 5

2

, d 
1

21  ,
�

� �
����

�
�

� RBBb
RBBTk

chRBBbRBB SRF
e

ch�TL

62



The same was performed to La,b and Ld,b

For sensors with n thermal bands there are n equations with n+ 1 unknown. By 
measuring the radiance in n bands, we cannot obtain n spectral emissivity plus 
surface temperature values (Gillespie et al., 1998). In this case, field measurement
should be carried out. However, if one does not have these data, an alternative is to 
use some method for establishing certain links between the emissivity and tempera-
ture. Therefore, to estimate the emissivity and temperature images, we used the 
Emissivity Normalization (NOR) technique. This method assumes a constant emis-
sivity in all bands for a given pixel. The temperature, for each band, is then esti-
mated. After that, the maximum temperature of all thermal bands is considered as 
the surface temperature. Using Equation (2), the emissivity for all bands was de-
rived. The constant emissivity selected was 0.98, which is closer to that of water 
and vegetation.

, which were used in the radiative trans-
fer model described by Equation (2).  

Uncertainty Evaluation  

 Sources of uncertainties of the methodology for determining the surface tem-
perature and emissivity were evaluated from: thermodynamic temperature of 
RBB´s; blackbodies digital numbers (DN); emissivity of the blackbody; Spectral 
Response Function ; conversion of DN into radiance; atmospheric influence; appli-
cation of NOR method; and heterogeneity of the material surface.

The evaluation of the stability of the temperature of the blackbodies was per-
formed by monitoring the measurements, in each row, across the image. Thus, the 
standard deviation was defined as the uncertainty of the measurement. The same 
procedure was applied to the DN of each RBB. 

To estimate the uncertainty associated with the conversion of DN into radiance, 
we evaluated the propagation of the uncertainties of the adjusted parameters in the 
linear regression. This uncertainty also includes the uncertainty related to the emis-
sivity of the blackbodies and that due to the Spectral Response Function that was 
estimated to from the information provided by the HSS´ manufacturer(0.5%; ie, 
0.005).

Then we evaluated the influence of the atmosphere (Equation 2) using as sup-
port data obtained from meteorological station and radiosonde; the altitude record-
ed by the GPS system sensor; the sensor view zenith angle; and the approximations 
resultant from the atmospheric model select to correct the images.  
 The NOR method implemented in the ENVI software was used to convert the 
radiance into temperature and emissivity. As this method is "iterative", the propaga-
tion of uncertainties is complicated. Therefore, the uncertainty was estimated by 
applying the method by: (a) first using the value of the radiance obtained plus its 
uncertainty; and (b) second, subtracting the radiance from the uncertainty. Then the 
uncertainty for each pixel was estimated by half of the difference of these two cas-
es.

3.   Results

We used nadir images acquired over the urban area of São José dos Campos 
(Brazilian state of São Paulo), in nighttime period of May 30th 2006. The Instanta-
neous Field of View (IFOV) was adjusted to 2.5 mrad and the scanning frequency 
to 25 Hz. Then, the maximum and minimum temperatures of the reference black-
body (RBB) were set up to 45 and 17 °C, respectively. The spatial resolution was 
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2.9 m at nadir. The swath width was 2.1 km because of the 86° Field of View
(FOV) and the flight altitude of 1736 m. 

The images used in this work had a good visual quality. When evaluating the 
stability of the thermodynamic temperature of the reference blackbodies throughout 
the imaging, it was found that they were stable with a variation of 0.2 °C around the 
mean (Figure 1). The estimated uncertainty was 0.02 oC due to digitalization of the 
data. The DN values of the reference blackbody measured by the detectors varied in 
the 100-200 range. This variation was probably due to the inherent noise of the 
sensor system. The uncertainty ranged from 0.4 to 0.9 DN in the 6 bands.

Figure 1: a) Evaluation the stability of the thermodynamic temperature measured by 
thermocouple of the RBB2; b) DN of the RBB2 for band 50.

Thus, the temperature data from the reference blackbodies was used to estimate 
the radiance (Equation 1). The relative uncertainties of 0.5% were due to the
estimated uncertainty of the emissivity of the RBB and SRF

Table 1: Parameters for the bands of the spectrum emitted. 

. The parameters Gain
and Offset of thermodynamic temperature of reference blackbodies are listed in 
Table 1.

  

Thus, the value of the radiance of each pixel of the image had a relative uncer-
tainty of 0.5%. To estimate the atmospheric influence, we first determine the 
downwelling radiance, Ld
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(�). For this purpose, it was necessary to estimate the 
emissivity and temperature of the sky using the data dew point temperature (15.4 ±
0.5) °C and the dry bulb temperature (18.1 ± 1.0) °C, obtained from the meteoro-
logical station located at the Airport of Sao Jose dos Campos - Professor Urbano 
Ernesto Stumpf. The estimated temperature and emissivity values of the sky were 
(0.84 ± 0.02) and (5.4 ± 2.0) °C, respectively, after applying the Berdahl and 
Fromberg method (Pérez-Garcia, 2004). The relative uncertainty of the
downwelling radiance was 2.7%. However, in relation to other parameters, its im-
portance was very small because the reflectance, in the thermal wavelength, of the 
land surface was estimated in 2% (Table 2).

Band
Central 

Wavelength  
µm

Offset
W / m2

Gain·10
·sr·nm W / m

-3

2·sr·nm

45 8.18 4.57 ± 0.07 2.361 ± 0.033
46 8.68 6.51 ± 0.05 1.710 ± 0.025
47 9.16 6.37 ± 0.06 1.830 ± 0.028
48 9.80 7.06 ± 0.06 1.542 ± 0.025
49 10.81 7.14 ± 0.06 1.702 ± 0.031
50 12.02 7.24 ± 0.05 1.190 ± 0.024

64



Then, the spectral transmittance,�(�), and spectral path radiance, Lpth(�), were 
calculated using the PcModWin/MODTRAN. The atmospheric model used was 
Tropical. The season was assumed as autumn/winter due to the period of year. The 
concentration of carbon dioxide (CO2

Table 2: Atmospheric parameters used in thermal image correction.  

) was 360 ppm (CONWAY et al., 1994). The 
adopted model was urban/aerosol with visibility of 40 km. We used 33 atmospheric 
layers, the maximum number allowed by the program, with layers closer to the 
surface, due to the flight altitude of 1736 m. A refinement of the data was per-
formed using relative humidity of the atmospheric profile from radiosonde data 
obtained by the Instituto Astronômico e Geofísico da Universidade de São Paulo 
(IAG/USP) in the Campo de Marte Airport, nearest to the area covered by the im-
aging. These parameters were weighted for the Spectral Response Function, SRF,
of each band (Table 2). Through various tests on the parameters involved in atmos-
pheric modeling, we calculated the relative uncertainty for the transmittance and 
path radiance as 3%.

Band
Central 

Wavelength
(µm)

Downwelling 
Radiance  

(W/m2

Path Radiance 

·�m·sr) (W/m2 Transmittance·�m·sr)

45 8.18 1.574 3.630 0.536
46 8.68 1.682 2.445 0.707
47 9.16 1.756 2.138 0.752
48 9.80 1.812 2.050 0.767
49 10.81 1.821 2.326 0.730
50 12.02 1.736 3.137 0.607

In the atmospheric correction, the radiance values of pixels in a given band de-
creases by a constant value. However, the radiance of the pixels of the image re-
mains correlated. After that, the images were converted into emissivity and tem-
perature by the NOR method, for the analysis of the main urban materials of the 
study area. Results showed that the spectral emissivity was consistent with the 
literature. Among the artificial materials, the concrete had the highest temperature, 
followed by the asphalt, while the temperature of the galvanized steel was the low-
est one. The average temperature of the vegetation was 15 °C with standard devia-
tion of 2.5 °C (Table 3). The temperature estimated by the NOR method showed 
that the spectral emissivity was consistent with the literature for the studied materi-
als. 

Table 3: Uncertainties of the temperature estimated by the NOR method

Materials

. 

Temperature (°C)
Mean �

Asphalt 21.00 1.81
Concrete pavement 23.40 1.34

Red Tile roof 13.77 1.23
Fiber cement roof 15.52 1.04

Galvanized Steel Gray 12.41 1.37
Grass 15.10 2.49

In general, it was found that the uncertainty in the temperature data at each 
pixel was approximately 1.8 °C, varying according to the analyzed material. By 
comparing the standard deviation of the temperature, for some materials, with the 
estimated uncertainty for temperature, it was found that both parameters had the 
same magnitude. The uncertainty analysis of the data emissivity is much more 
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complex, because the NOR method results in relative emissivity data (spectrum 
shape) rather than in absolute emissivity values in each band. Therefore, the esti-
mate of its uncertainty requires further studies. 

3.   Conclusion 

The NOR method showed consistent results in estimating the relative spectral 
emissivity of materials of interest, specifically in urban areas. Thus, it was evident 
the great potential of the HSS images in the emitted spectrum, which combines the
high spatial resolution and a better spectral resolution than most of the orbital 
satellite sensors to study the emissivity of urban materials.

In relation to the final uncertainty of the estimated temperature, results showed 
that the atmosphere influence was the factor that most contributed to the final 
uncertainty of the data, followed by the uncertainties in the radiance determination 
for each pixel. Thus, the final uncertainties in temperature data obtained for each 
pixel of the image was 1.8 °C, varying according to the analyzed urban material.
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