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Abstract

The reflected apparent temperature is an important factor for performing accurate IR temperature measurements.
In this paper, the influence of hot spots on this reflected apparent temperature was investigated for a diffuse versus
specular reflector. Two different sizes of hot spots were used, representing a drone battery and an operator. The results
were illustrated by IR object temperature readings on two materials (glass and frosted glass) with similar emissivity yet
specular versus diffuse reflective characteristics. The results show that hot spots should be avoided at all times, with extra
attention when performing spot measurements on short distances and on specular surfaces.

1. Introduction

Infrared thermography is used for non-destructive analysis in a wide range of applications. All infrared cameras
derive the surface temperature from the measured radiation intensity. For this derivation, different parameters should be
set correctly in the camera software [1], amongst other the reflected apparent temperature. In this paper, the influence of
hot spots in the reflected environment will be investigated: to which extent is the measurement of the reflected apparent
temperature influenced by these hot spots, and what is the influence of the object temperature IR measurement? These
questions will be investigated under controlled circumstances in laboratory conditions.

2. Research question

The reflected apparent temperature can be determined with the reflector method or the direct method [2]. The
reflector method is only applicable for places which are accessible to the operator, which is not always the case (e.g.
working with a drone at a certain height).

When using the alternative direct method, the operator should choose an incidence angle different from zero
(Fig. 1) to avoid reflection of the camera or himself. In some cases, measuring the angles accurately is not possible. This
process could be avoided by choosing 0° for angle A & B, since then only the camera would need to rotate 180° to measure
the reflected apparent temperature. The disadvantage of using 0° as viewing angle, is the reflection of the operator and/or
the equipment itself.

In previous research [3], the effect of the battery heat of a drone on the reflected apparent temperature was
investigated. The results showed a rather limited influence of the heated brick on the reflected apparent temperature. The
previous results were obtained with a diffuse reflector (wrinkled aluminium foil). However, the results might be different for
a specular reflector. The research question for this paper is thus formulated: what is the influence of hot spots on the
reflected apparent temperature, and is this influence different for diffuse versus specular reflectors?
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3. Experimental set-up
3.1. Set-up of equipment

The infrared camera is placed at the end of a corridor, at a fixed spot. The hot spots are positioned next to the
camera, at a fixed height. The reflector as well as the objects are mounted on a movable box and can be placed at various
distances from the IR camera (Fig. 2). The measured reflected apparent temperature with and without hot spot are
compared for the different reflectors and objects.

The experiment is carried out indoors to exclude variations in the surrounding environment (Fig. 3). The set-up is
mounted in a corridor with an even distribution of surface temperature (no hot or cold spots). The lighting was switched off
before and during the experiment, to avoid hot spots in the ceiling. The average reflected temperature of the environment
was measured for each of the 5 studied distances by the reflector method [2]. The results are reported in Table 1.
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Fig. 2. Schematic representation of measurement set-up

Fig. 3. Measurement set-up in corridor:
(left) view from IR camera to object;
(middle) view from object to IR camera;
(right) positioning of concrete block and heating plate next to IR camera

Table 1. Average reflected apparent temperature of lab environment without hot spots
distance | 0,5 m 1,0m 25m 50m 10,0 m
Tref 21,1 °C 20,8 °C 20,7 °C 20,6 °C 20,5 °C

3.2. Equipment

A long-wave microbolometer camera (FLIR T640) is used with a 45° lens. Dedicated software (FLIR Tools + and
Sense Batch) is used for analysing the infrared images.

Environmental conditions in the lab (air temperature and relative humidity) are monitored with a handheld thermo-
and hygrometer (Metofix TM300).
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3.3. Hot spots

Two types of hot spots are investigated in this research. For both hot spots, the aim is to generate a temperature
difference of 50°C with the reflected apparent temperature of the lab environment of 20 to 22 °C (Table 1). This difference
is based on an outdoor winter scenario, with drone battery or operator between 20 and 30°C and a reflected apparent
temperature between -30 and -20°C.

The first hot spot is an oven heated concrete block of 15x15x15cm3, which is similar in size to a drone battery.
The concrete block is placed in an oven at 80°C. Preliminary testing revealed that the concrete block’s surface temperature
remains above 72°C (50°C above environment Tren) for 7 to 8 minutes.

A heating plate of 60x40cm? is used as the second hot spot, to represent an operator. The voltage to the heater
is controlled, so that its temperature remains circa 75°C.

3.4. Reflectors and objects

Wrinkled aluminium foil is used as the diffuse reflector. The specular reflector is obtained with the same foil but
without wrinkling it.

To illustrate the effect of the hot spots on the infrared object temperature reading, two objects with similar
emissivity are compared. Glass was chosen as a specular material. The diffuse material was obtained by sandblasting the
glass to obtain frosted glass. The emissivity values of both materials were measured with the noncontact thermometer
method, by using black electrical tape (Scotch Super33+, 3M) with an emissivity of 0.95 [4] as the surface-modifying
material. The measurements are averaged over 4 or 5 IR pictures of which the results are reported in Table 2.

Table 2. Emissivity measurements of objects

Object n° Trefl Tobj Tair RHair €
Glass 4 -58,2 °C 11,3°C -0,9 °C 76 % 0,84
Frosted glass | 5 -10,5°C 15,1 °C -1,2°C 49 % 0,88

3.5. Experimental procedure

The experiments are divided in 4 series: one series for each reflector and object. Every series consists of

5 sessions, which leads to 5 pictures for each combination of hot spot, distance and reflector/object. Each session consists
of the following steps:

1. Position the reflector/object at the starting distance. Each session uses a different starting distance.

2. Focus the IR camera on the appropriate distance.

3. Take a concrete block out of the oven and place it on the marked spot. Take an IR picture.

4. Position the heating plate at the marked spot, and remove the concrete block out of viewing angle. Take
an IR picture.
Remove the heating plate out of viewing angle. Take an IR picture without any hot spot.
Reposition the reflector/object to the next distance.
Repeat steps 2 to 6 until all distances are covered with the same concrete block.

Noo

This procedure is carried out with 2 people, and thus takes maximum 6 minutes. The concrete block is thus still
above 72 °C within each session. By alternating the starting distance for each session, possible effects of the concrete
block cooling down, are averaged over all distances.

The wrinkled aluminium foil sessions are carried out first. The other three reflector/objects are carried out the next
day. The lab environmental conditions during these sessions are listed in Table 3.

Table 3. Environmental conditions in lab during experiment sessions

Reflector/object | Wrinkled alu foil Flat alu foil | Frosted glass | Glass
Tair 21,3°C 21,0 °C
RHair 42 % 41 %

3.6. Image processing

Due to the time pressure for executing the session with 1 concrete block, some photos were not sharp and were
thus excluded from the analysis. The remaining measurements were averaged over the 5 sessions. When 2 or less IR
pictures per distance and hot spot remained, this average is left out of further analysis. When 3 pictures remained, this
average is marked in grey in the tables showing the results.

For the analysis, a box measurement tool was added to every IR picture, spanning circa the whole reflector/object
surface. For these box measurement tools, both the average (Tavg) and maximum (Tmax) temperature were analysed.
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4. Results
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Fig. . IR pictures of second session of glass bject at 2,5m distance
with (left) concrete block hot spot; (middle) heating plate hot spot; and (right) without hot spot

Table 4. Averaged (+ standard deviation) maximum temperature

g(ta)flector / Heat source 0,5m 1,0m 25m 50m 10,0 m
ject
. concrete block | 69,0+1,0|63,1+2,3|356+26|24,3+0,6 | 20,6+0,0
}'(\)’i:'”k'ed AU ating plate | 67,5%0,5 | 645507 | 421203 | 31309 | 24,1206
none 46,7+1,4 | 36,6+15|236+£09|209+0,1|20,7£0,1
concrete block | 67,1+3,5|66,0+2,1|595+26 |43,0+6,9 | 25,6 +0,8
Flat alu foil heating plate 73606 |71,7+04 | 66,3+£1,4|56,2+3,4|38,2+4,3
_I_Tmax * none 335+09|384+65|26,7+0,6 |230+09|21,1+0,1
o concrete block | 21,9 +0,3 21,6+02|21,3+0,1|212+0,5
Frosted glass | heating plate 24,7+0,3 23,7+0,3|230+£0,4|223+0,2
none 215+0,2|21,4+0,1]21,3+0,1|21,3+0,1|21,2+£0,1
concrete block | 31,4+0,7|31,3+0,4|31,1+05|31,1+0,5|30,2+£0,5
Glass heating plate 326+0,1|326+0,1|323+0,1|321+0,1|31,8+0,2
none 253+0,7|1235+0,8|228+0,2|226+0,2|222+0,2
Table 5. Averaged (z standard deviation) average temperature
Reflector / Heat source 0,5m 1,0m 25m 50m 10,0 m
Object

. concrete block | 24,0+0,1|22,1+0,2|21,2+0,2|208+0,1|20,4+0,0
}g’ﬁ'nk'ed AU ating plate | 26,7£0,3 | 244502 | 22,7402 | 21,7 £01 | 21,0401
none 21,1+0,1|208+0,1|20,7+£0,1|20,6+0,1|20,5+£0,1
concrete block | 21,7+0,3|216+0,1|21,5+03|21,4+0,1|21,1+0,1
Flat alu foil heating plate 279+04|250+0,2|244+£09|23,8+09|229+£0,5
Tavg none 21,3+0,1|21,1+0,1|208+0,0| 20,8+0,1| 20,8+£0,0
T""V[%é]"ev concrete block | 21,4 +0,3 21,1+01 [ 21,1+0,1[21,0+0,1
Frosted glass | heating plate 21,8+0,2 21,1+0,1|21,0£0,0|21,0+0,1
none 21,2+0,2|21,1+0,1|21,0+0,1|21,0+0,1|20,9+0,1
concrete block | 21,8+0,1|21,3+0,2|21,2+0,2|21,1+0,2|21,2+£0,1
Glass heating plate 226+0,1|220+0,1|21,8+0,1|21,8+0,1|22,1+0,1
none 21,2+0,1|21,2+0,221,1+£0,1|21,2+0,1|21,0£0,1
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Fig. 5. Tmax graphs for wrinkled and flat aluminium foil
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Fig. 6. Tmax and Tavg graphs for glass
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Fig. 7. Tmax graph for frosted glass and Tavg graph for wrinkled alu foil
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The nominative results are reported in Table 4 and Table 5. Both show the average and standard deviation over
all sessions, respectively for the maximum and average temperature of the box measurement tools. Examples of resulting
IR picture are shown in Fig. 4. The IR picture on the right, showing the result without hot spot, demonstrates a deviation in
the test set-up. The heat from the concrete block is transferred to its support, which is then still present (and thus radiating
heat) when taking the picture without hot spot. This influence results in slight increases of temperature readings for the
short distances (0,5 and 1,0 m) for pictures without hot spots (e.g. Fig. 5 left). These deviations are not considered in the

following analysis.
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The standard deviation is analysed for its relevance or relation with other parameters. The standard deviation on
the measurements on flat aluminium foil is higher than on the other reflectors/objects. The standard deviation of the
maximum temperature is significantly higher than on the average temperature in the box measurement tool. There is no
relation between standard deviation on the one hand, and hot spot type or distance on the other hand.

The results of the maximum as well as average temperature in the measurement box tools, are analysed for
relations with distance, reflector/object and hot spot type. A selection of graphs is shown in Fig. 5, Fig. 6 and Fig. 7.

A first observation is that the influence of the hot spots decreases with increasing distance (Fig. 5 left). This was
expected, since the relative proportion of the hot spot to the environment decreases. The same principle leads to a more
prominent influence of the heating plate in comparison with the concrete block, due to its larger size (Fig. 7).

Fig. 5 also shows the difference in influence for diffuse versus specular reflector. The decrease of the influence
of the hot spots with increasing distance, is much slower for the specular reflector (Fig. 5 right). The same applies when
comparing the specular glass (Fig. 6 left) with the diffuse frosted glass (Fig. 7 left), although the difference is less
pronounced.

Another observation considers the difference between the maximum temperature and the average temperature
of the measurement box tools. The influence of the hot spots is larger for Tmax than for Tavg (Fig. 6). The influence on Tavg
can however not be neglected, especially not for the shorter distances (e.g. Fig. 7 right). The influence of the hot spots is
the largest on Tmax for both wrinkled and flat aluminium foil (cfr. Y-axis scale difference between Fig. 5 and other graphs).

5. Conclusions

The influence of the hot spots on the temperature readings, depend on the following parameters:
the longer the distance between IR camera and measured surface, the lower the influence;
this decrease per increasing distance, is slower for specular than for diffuse surfaces;

the larger the hot spots, the higher the influence;

the influence is higher on spot measurements (Tmax) than on averaged readings (Tavg).

For practical applications, hot spots should be avoided at all times, with extra attention when measuring on short
distances and on specular surfaces. The values of spot measurements (e.g. as threshold values) can be influenced even
by small hot spots at common distances and even on materials with an emissivity above 0,8 (e.g. 8,4°C difference in Tmax
between concrete block and without hot spot on glass at 5m).
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