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Abstract

Thermal infrared data is important

when  conducting remote  sensing
investigation, for it could be acquired both
in day and night. The change of
temperature has characteristic significance
of representing. So the thermal infrared
images are not only used in the domain of
surveying, but also the environment
monitoring, the urban development, and
the disaster prevention.

Before interpreting the remote
sensing data, one would make sure that
each image of bands with similar image
geometry. Calibrating such geometry
could prove that the effect from the lens
distortion had been minimized. In such
case, calibrated thermal images are
necessary to guarantee that the image
coordinates will correspond with the
space coordinates as other bands. This
research takes the FLIR-T360 thermal
sensor as the subject, and calibrates the
thermal sensor.

This research about calibration of
thermal sensor 1s divided into two kinds,

the geometric aspect and the radiometric



aspect. Because that the thermal sensor
could not be calibrated by conventional
routes. In the geometric aspect, this study
has designed some calibration templates,
and used the improvement field methods
of calibration to find thermal sensor's
interior orientation elements. In the
radiometric aspect, in situ method was
selected to determine temperatures of the
chosen control points. And the result of
correction in geometric and radiometric

aspect are shown in this study.

Keywords: Area-Based Thermal Sensor,
Thermal  Infrared  Image,

Calibration
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Shadow Effects of Close Range Image Acquired by Area-Based Thermal Detectors
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ABSTRACT

Conventionally, most thermal infrared remotely sensed images are acquired by a single detector
and a scanning mirror. Generally, most thermal infrared sensors are placed onboard a satellite or
an aircraft. Nowadays, close range thermal images taken by area-based detectors are possible.
An area-based thermal sensor can be handled and used conveniently. To operate an area-based
thermal sensor is just similar to operate a digital CCD camera. The geometric and radiometric
resolutions of the thermal images produced by the sensor are also improved remarkably. The

extensive applications of an area-based thermal sensor can be expected.

However, when interpreting and analyzing the thermal images acquired by an area-based
thermal sensor, shadow effects should be considered. Hence, A FLIR T360 has been used and

tested in this study. Various effects have been found and described as below.

Shadows in thermal image are not produced by a light source, but dependent on the object’s
temperature. Shadows look like mirrored images of the heat source. The number of shadows of
an object is the same as the number of mirrors around the object. The main shadow usually
appeared right before the object, between the object and the thermal sensor, and faced toward
the thermal sensor. Size of shadow is influenced by object height, and depression angle or
incident angle. Brightness of shadow is determined by the object’s temperature. Sharpness of
shadow is affected by the smoothness and emissivity of the material located in front of the
object.

1. INTRODUCTION

Nowadays, to operate an area-based thermal sensor can be very similar to operate a digital CCD
camera. However, shadow effects should be considered when interpreting and analyzing the
thermal images. A FLIR T360 has been tested in this study. Geometric and radiometric

characteristics of shadow effects on the thermal images are described respectively as follows.

2. DEFINITIONS


mailto:hhh@nccu.edu.tw

2.1 Thermal Image

Usually, thermal systems record the apparent temperature, Trag of an object rather than the true
kinetic temperature, Tiin (Jensen, 2007). On a thermal image shown as in Fig. 1, pixels with

bright tone represent the objects with warm apparent temperature.

Figure 1. Shadow of a warm object on a thermal image.

2.2 Shadow

As shown in Fig. 1, shadow of object looks like mirrored images of the heat source. The shadow
appears right before the object, between the object and the thermal sensor, and faces toward the
thermal sensor. Size of shadow is decided by object height, and depression angle (stated as

below) or incident angle.
2.3 Depression Angle

As shown in Fig. 2, the angle between a horizontal plane covering the exposure center of the
thermal sensor and the sensor’s line-of-sight to a specific point on the ground is the depression
angle, (Jensen, 2007).

thermal sensor
horizontal

depression
angle

object
nadir i 4

—

Figure 2 Depression of a thermal sensor

2.4 Relief Displacement



Fig. 3 is a vertical thermal image taken by an area-based thermal sensor. Notice that the relief
displacement of the high object occurs radially from the center of the image. An equation of the

relief displacement can be arranged as:
d=r-h/H (1)

where d is the relief displacement, h is the height above datum of object point whose image is
displaced, r is the radial distance on image from the center of the image to displaced image, and
H is the height of the thermal sensor above same datum selected for measurement of h (Wolf,
2000) . Notice also that the shadow of the warm object appears radially toward the center of the

image.

Figure 3. Relief displacement on a vertical thermal image.
2.5 Emissivity

Brightness of shadow is determined by the object’s temperature. Sharpness of shadow is
affected by the smoothness and emissivity of the material located in front of the object. The

general equation for the interaction of spectral (1) radiant flux with the terrain is (Jensen, 2007):
Ojp = Oy, + Py, + Dy, (2)

where®;, is the terrain intercepts incident radiant flux, @y, is the radiant flux reflected
from the surface, @ is the radiant flux absorbed by the surface, @, is the radiant flux
transmitted through the surface. Dividing each of the variables by the original incident radiant
flux, O

IZY;L‘F(X;L‘F’EX (3)

where v, is spectral hemispherical reflectance by the terrain, oy, is spectral hemispherical
absorptance, and Ty is spectral hemispherical transmittance. The Russian physicist Kirchoff
found that in the infrared portion of the spectrum the spectral emissivity of an object generally
equals its spectral absorptance, and most real-world materials are usually opaque to thermal

infrared radiantion, therefore, the equation (3) could be simplify to:



1= Yot & (4)
The relationship explains that emissivity of objects are crucial on thermal infrared imagery.
3. EXPERIMENT AND RESULT ANALYSIS

Brightness of shadow changes dependent on 1. temperature of objects 2. emissivity of reflective
plane 3. depression angle of sensor. Table1 below is observations taken by thermal scanner to
the shadow of a warm object on different reflective plane. Notice that the temperature of shadow
increase while depression angle of sensor decrease on non-metallic reflective plane, and the
temperature of shadow decreasing when sensor is on very high or very low depression angle on
metallic reflective plane. The data shows that emissivity certainly do affect to the temperature of
shadow. For non-metallic reflective plane, temperature of shadow had been calculated that it has
high correlation with 1/sinf, which 0 is depression angle of thermal sensor. For metallic
reflective plane, experimental results show that emissivity of reflective plane should be

considered as a parameter in calculating, and this sort will be study further later.

Table 1. Temperature of shadow on different reflective plane in variable depression angle.

epression Angle(°)
Reflective 80 | 70 60 50 40 30 20 10 0
Plane(emissivity)

Aluminum(0.05) 40.6| 48.7 | 49.5 | 52.6 | 53.2 | 53.5 | 533 | 529 |493
Wood(0.91) 21.9| 21.5 | 21.4 | 21.3 | 21.1 | 21.3 | 22.2 | 23.3 |22.7
Glass(0.92) 2741 28 28 | 282 | 29 | 30.2 | 329 | 384 |453
Paper(0.93) 23.1| 22.8 | 22.8 | 23.2 | 23.5 | 248 | 26.8 | 32.2 [32.6

Stainless Steel(0.075) [42.1| 44.8 | 45.7 | 453 | 453 | 44 | 42.8 | 40.6 |39.1

Porcelain(0.92) 259| 26.8 | 269 | 27.4 | 27.7 | 28.8 | 30.9 | 373 |46.4

4. SUMMARY

1. Area-based thermal sensor is unlike traditional single-detector thermal scanner, it can be

used on sensing close range thermal images in short time conveniently.

2. Geometric characteristics of area-base thermal sensor are almost the same as digital camera,
but radiometric characteristics of area-based thermal sensor are entirely different from

digital camera. Thermal images show temperatures instead of brightness of visible light.

3. While using thermal sensor in close range, shadow effect should be considered. In general,
shadows appear on smoothly reflective plane when any warm objects closing. Reflective
plane reflect thermal infrared which from other heat sources causing shadows in thermal
images. In such case, temperature of shadows can not be considered as real temperature

there in thermal images.



4. The relationships about how emissivity and depression angle do affect to temperature of
shadow which mentioned above are not found out completely, the further research and
applications will be drawn.
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