
1 
 

DISTANCE AND CAMERA FEATURE MEASUREMENTS AFFECT THE DETECTION 1 

OF TEMPERATURE ASYMMETRIES USING INFRARED THERMOGRAPHY 2 

Álvaro S. Machado1; Mar Cañada-Soriano2, Irene Jimenez-Perez3,4; Marina Gil-3 

Calvo3,5; Felipe Pivetta Carpes1; Pedro Perez-Soriano3; Jose Ignacio Priego-4 

Quesada3,4* 5 

1 Applied Neuromechanics Group, Laboratory of Neuromechanics, Federal University of 6 
Pampa, Uruguaiana, Brazil. 7 

2 Applied Thermodynamics Department (DTRA), Universitat Politècnica de València, 8 
Valencia, Spain 9 

3 Research Group in Sports Biomechanics (GIBD), Department of Physical Education and 10 
Sports, University of Valencia, Valencia, Spain. 11 

4 Research Group in Medical Physics (GIFIME), Department of Physiology, University of 12 
Valencia, Valencia, Spain. 13 

5 Faculty of health and sport sciences, Department of physiatry and nursing, University of 14 
Zaragoza, Huesca, Spain. 15 

 16 

* Corresponding author 17 

Jose Ignacio Priego Quesada. Ph.D. 18 

Postal address: Department of Physical Education and Sports, Faculty of 19 
Physical Activity and Sport Sciences 20 

St: Gascó Oliag, 3. 46010. Valencia, Spain. 21 

e-mail: j.ignacio.priego@uv.es 22 

  23 



2 
 

Authors contributions 24 

Conceptualization: all authors; Methodology: A.S.M., M.C-S., I.J.P, J.I.P-Q; 25 

Formal analysis and investigation: A.S.M., M.C-S., J.I.P-Q; Writing - original draft 26 

preparation: A.S.M., M.C-S., J.I.P-Q; Writing - review and editing: all authors; 27 

Resources: M.C-S., P.P-S., J.I.P-Q, ; Supervision: F.C., P.P-S., J.I.P-Q. 28 

Word count (including tables, references and captions): 4811 29 

  30 



3 
 

Abstract  31 

Small skin temperature asymmetries are claimed to indicate injuries, but the 32 

influence of measurement conditions and technical aspects of image acquisition 33 

are concerns for determining temperature asymmetries. This research 34 

determines whether distance and camera specifications affect thermal 35 

asymmetries detection. We simulated thermal asymmetries filling two glasses 36 

with water at different temperatures measured at two distances (0.7 and 1.5 m) 37 

using four different infrared cameras (T1020, E60BX, C2 and FLIR ONE). Linear 38 

regression verified the similarity between each camera and the T1020 camera 39 

(gold standard). The intraclass correlation coefficient assessed inter-camera 40 

reproducibility. Linear regression reported increasing adjustment using mean 41 

temperature, with lower values at 1.5 m between the T1020 and FLIR ONE (0.7 42 

m, r= 0.58; 1.5 m, r= 0.34), C2 (0.7 m, r= 0.90; 1.5 m, r= 0.62) and E60BX (0.7 43 

m, r= 0.96; 1.5 m, r= 0.68). Higher inter-camera reproducibility was observed at 44 

0.7 m than 1.5 m. It is preferable to take thermal images with shorter distances 45 

and to prioritise cameras with superior hardware characteristics. The portability 46 

of FLIR ONE and C2 may be an advantage in studies investigating expected 47 

differences greater than 0.05 ºC and larger regions of interest. 48 

 49 

Keywords: diagnostic imaging; injury; medicine; thermal asymmetries; thermal 50 

imaging; thermal sensitivity.  51 
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1.Introduction 52 

Skin temperature symmetry is usually defined as the degree of similarity 53 

between the mean skin temperature of two Regions of Interest (ROIs) mirrored 54 

across the human body’s longitudinal axis (1). Previous studies argue that a 55 

symmetrical skin temperature between human body sides could be assumed 56 

when absolute differences are lower than 0.5-0.7°C (1,2), while others suggested 57 

that asymmetries higher than 0.5-0.7°C could indicate physiological dysfunction 58 

related to pathologies and injuries. (3–5). The rationale behind the measurement 59 

of asymmetries in skin temperature involves a higher skin temperature of one 60 

body side being related to inflammation or higher vascularity, whereas a lower 61 

skin temperature is associated with nerve dysfunction or lower vascularity (3,6). 62 

Despite the criticism around the identification of a specific threshold for classifying 63 

asymmetries, the good reliability and reproducibility in the temperature 64 

asymmetries (7) leverage the growing interest in screening skin temperature 65 

symmetries as a strategy for the diagnosis and prevention of injuries (8,9). 66 

Skin temperature can be determined using infrared thermography (IRT), a 67 

technique used in medical sciences since the 1960s (10). IRT has the advantage 68 

of being contactless and non-invasive (6), which made the tool of special interest 69 

in medicine, being a safe and easy to conduct measure for when carrying out 70 

follow-ups or screenings since it does not have any perjury on patients. The 71 

growing interest in applying IRT in the medical areas is benefited by the 72 

availability of reasonably affordable cameras, but with recognized low resolution 73 

(11). It results that the camera focal plane array size (FPA) can influence the 74 

detection of temperature asymmetries, since low FPA and/or high instantaneous 75 

field of view (IFOV) might not identify the small magnitudes of change in skin 76 
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temperature associated with an skin temperature asymmetry (12). On the other 77 

hand, the concerns about camera quality and its impact on the field 78 

measurements is growing, motivating development of methods to improve 79 

camera resolution (13). 80 

Another aspect of using IRT to determine thermal asymmetries is that 81 

camera FPA can affect the definition of the size of the regions of interest (ROI) 82 

from where temperature data are extracted, and therefore influence the detection 83 

of skin temperature asymmetries. ROI dimensions are limited by the distance 84 

between the measuring site and the camera (14). Although 25 pixels is 85 

recommended as the minimum size for properly defining a ROI (15), a larger ROI 86 

is always preferable (14,16). Furthermore, when analyzing asymmetries, the ROI 87 

from both body sides needs to be recorded within the same image, highlighting 88 

the role of camera FPA. However, when it comes to use in the clinical field, it is 89 

frequently important to measure the highest number of participants as fast as 90 

possible and therefore, higher distances between the camera and participants 91 

are performed (4) resulting in smaller ROIs, with few pixels than the 92 

recommended. From this point of view, the relationship between camera’s 93 

hardware characteristics, ROI dimensions, and distance for image capture could 94 

influence estimation of skin temperature asymmetries.  95 

The objective of this study was to determine whether distance and camera 96 

specifications affect the detection of thermal asymmetries. It has been 97 

hypothesized that at a larger distance, cameras with a lower FPA and a high 98 

IFOV could present a lower capacity to detect thermal asymmetries.  99 

 100 
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2. Methods 101 

In this study, we compared four different IRT camera models from FLIR 102 

(FLIR, Wilsonville, Oregon, USA): T1020, E60BX, C2, and One Pro LT (FLIR 103 

ONE). All cameras work in the long-wave wavelength range (7-14µm) and their 104 

hardware characteristics are described in table 1. The correct calibration of the 105 

cameras was verified before the experiment started using a black body (BX-500 106 

IR Infrared Calibrator, CEM, Shenzhen, China) (17,18). 107 

 108 

Table 1. Hardware characteristics from the four thermographic cameras used in 109 

this study. 110 

 T1020 E60BX C2 FLIR ONE 

Spectral range 7.5 – 14.0 μm 7.5 – 13 µm 7.5 – 14 µm 8 – 14 µm 

FPA (Focal plane 
array) 1024 x 768 320 x 240 80 x 60 80 x 60 

FOV (Field of view) 28° x 21° 25° × 19° 41° × 31° 50° x 38° 

IFOV (Instantaneous 
field of view) 0.47 mrad 1.36 mrad 11 mrad 12 mrad 

NETD* < 20 mK 45 mK 100 mK 150 mK 

Temperature range -40°C to 150°C –20°C to 120°C –10°C to 150°C -20°C to 120°C 

Measurement 
uncertainty ± 2°C ± 2°C ± 2°C ± 5°C 

*At 30°C. NETD: Noise Equivalent Temperature Difference. 111 

 112 

Measurements were performed in a specialized laboratory for IRT 113 

measurements, in a space where environmental conditions were controlled (e.g. 114 

without light and airflow, with the room temperature controlled, and no person 115 
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apart from the investigator in the measurement environment) (19). IRT 116 

measurements were obtained from water samples placed in two 115 x 65 mm 117 

glass crystallizers (Kavalierglass, Prague, Czech Republic) positioned at 0.7 m 118 

and 1.5 m far from the cameras. To produce temperature asymmetries, one of 119 

the glasses (G1) was filled with water (350 ml) and then heated to 40°C using a 120 

heater (Agimatic-E, JP Selecta, Barcelona, Spain). Immediately after reaching 121 

the target temperature, half of the water was poured into a second empty glass 122 

(G2), and both were placed on the ground, with 5 cm of distance in between, and 123 

in front of a black cloth to avoid the radiation reflection (3). Moreover, reflected 124 

temperature was measured according to the standard method ISO 18434-1:2008 125 

and recorded in the camera settings. Because of the different transient 126 

temperature response from each glass, temperature asymmetries between them 127 

would be obtained as a result. Figure 1 illustrates the water temperature 128 

manipulation. To determine the temperature asymmetries, infrared images from 129 

all cameras were taken simultaneously obtaining the upper view of the glasses. 130 

For each of the cameras, images were recorded and compared every 30 s during 131 

15 minutes. There were 5 sets of images obtained, with a 30-minute waiting 132 

period in between. For each set of photos, the process of heating the water and 133 

preparing the glasses was repeated. At first, the entire water heating and image-134 

taking protocol was performed for the lowest height. Subsequently, the protocol 135 

was repeated for all data from the highest height. Regions of interest contained 136 

the water, in a upper view, and not included the glass region. 137 

 138 
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 139 

Figure 1. Firstly (A), the glass 1 was filled with water to be heated to 40°C, while the 140 

glass 2 remained empty at room temperature. Secondly (B), glass 2 was half filled with 141 

heated water. Infrared thermography images were taken for situation B. 142 

 143 

All cameras were switched on for at least 10 minutes before acquiring the 144 

infrared images for electronic stabilization (19). Cameras T1020 and E60BX were 145 

mounted on tripods and programmed to acquire automatically images every 30 146 

seconds for 15 minutes. On the other hand, cameras C2 and FLIR ONE were 147 

positioned and triggered manually, at the same distance from the glasses and 148 

following both the same time span between images and the 15 minutes recording 149 

period. Additionally, when C2 and FLIR ONE cameras were used, the image 150 

acquisition order was randomized for each trial. 151 
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The threshold defined to indicate temperature asymmetry was set at 0.5 152 

°C, in agreement with previous studies addressing as this topic in medical studies 153 

threshold is usually considered in medicine for skin temperature (1,2). The values 154 

obtained by each T1020 camera’s thermogram were used as a reference to 155 

define the existence of asymmetries for each time point (since the asymmetry 156 

would have a variable behavior over time) by simple subtraction of temperature 157 

between both glasses of water. The presence of false positives and/or negatives 158 

were verified, which means T1020 showing values lower than 0.5 °C, whereas 159 

values greater than 0.5 °C were obtained from any of the remaining cameras, 160 

and/or T1020 showing values greater than 0.5 °C, whereas lower values were 161 

obtained from any of the remaining cameras, respectively. 162 

Infrared images were analyzed using a commercial thermography 163 

software (Thermacam Researcher Pro 2.10 software, FLIR, Wilsonville, USA). 164 

ROIs were defined as the total visible area of the water for each sample, 165 

excluding the glass itself, and mean and maximum temperature data were 166 

extracted. ROIs size of each camera at the distance of 0.7 m was: 88516 ± 1184 167 

pixels for T1020, 8130 ± 171 for E60BX, 212 ± 20 for C2, and 8012 ± 798 for 168 

FLIR ONE. ROIs size at the distance of 1.5 m was: 16215 ± 254 pixels for T1020, 169 

1976 ± 85 for E60BX, 37 ± 0 for C2, and 1511 ± 81 for FLIR ONE. On all cameras, 170 

emissivity was fixed at 0.97 for water surface temperatures (20,21). Figure 2 171 

shows the arrangement of the data collection setup and the determination of ROI 172 

in the thermogram processing. 173 
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 174 

Figure 2. a) Experimental setup and thermal images performed with T1020 175 

showing the ROIs (dashed lines) within the water in both glasses at b) 0.7 m and c) 1.5m. 176 

Statistical analysis was performed using the software RStudio (version 177 

1.2.5033). Linear regression analysis was performed to analyze the adjustment 178 

between T1020 and each camera for asymmetry calculation using mean and 179 

maximum temperature at the two distances. r-values, adjusted R2, p-values, and 180 

equations of the adjustment were provided. Normal distribution of the residuals 181 

of the regressions models was verified (p>0.05) using the Kolmogorov-Smirnov 182 

test with Lilliefors correction. Bland-Altman plots were created to assess the 183 

agreement between T1020 and each of the other cameras, and to obtain the bias 184 

with 95% limits of agreement. Finally, the intraclass correlation coefficient was 185 

obtained to assess inter-camera reproducibility, based on a single rater-186 

measurement, absolute-agreement, and 2-way random-effects model, between 187 

the T1020 and each of the other cameras for asymmetry calculation using mean 188 
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and maximum temperature at the two distances. Intraclass correlation 189 

coefficients were classified from 1.00 to 0.81 as excellent reproducibility, 0.80 to 190 

0.61 as very good reproducibility, 0.60 to 0.41 as good reproducibility, 0.40 to 191 

0.21 as reasonable reproducibility, and 0.20 to 0.00 as poor reproducibility (22). 192 

 193 

3.Results 194 

Table 2 shows the percentage of false positives and negatives obtained 195 

for each camera. Percentages were higher for 1.5 m distances than for 0.7 m for 196 

all cameras. FLIR ONE presented the highest percentages of false negative using 197 

mean and maximum water temperature, and for both distances (>20%). At 1.5 198 

m, C2 presented the highest percentages of false positives for mean and 199 

maximum water temperature (>15%). 200 

 201 

Table 2. Percentage of false positives and negatives observed for mean and 202 

maximum temperatures for each camera and distance in comparison to the 203 

T1020 camera. 204 

 Distance = 0.7 m Distance = 1.5 m 

 E60BX C2 FLIR 
ONE E60BX C2 FLIR 

ONE 

Mean temperature 

False Positive 0 4.4 0 14.7 21.6 7.8 

False Negative 8.2 3.4 23.2 11.9 7.9 20.0 

Maximum temperature 

False Positive 0 0.6 1.7 12.6 15.8 4.3 



12 
 

False Negative 9.8 2.8 26.0 9.8 9.4 26.2 

 205 

Linear regression analysis (Figure 3) reported increasing adjustment using 206 

mean temperature, with lower values at the 1.5 m, between the T1020 and FLIR 207 

ONE (distance 0.7 m, r= 0.58; distance 1.5 m r= 0.34), C2 (distance 0.7 m, r= 208 

0.90; distance 1.5 m, r= 0.62), and E60BX (distance 0.7 m, r= 0.96; distance 1.5 209 

m, r= 0.68). Similar results were observed using maximum temperature (Figure 210 

4). Lower values were also found at 1.5 m, between the T1020 and FLIR ONE 211 

(distance 0.7, m r= 0.53; distance 1.5 m, R= 0.39), C2 (distance 0.7 m, r= 0.91; 212 

distance 1.5 m, r= 0.64), and E60BX (distance 0.7 m, r= 0.95; distance 1.5 m, r= 213 

0.73). 214 

 215 
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Figure 3. Linear regression analyses for the temperature asymmetry obtained at 216 

two camera distances (0.7 m and 1.5 m). False positives (green points) and 217 

negatives (red points). 218 

 219 

 220 

Figure 4. Linear regression analyses for the maximum temperature asymmetry 221 

obtained at two camera distances (0.7 m and 1.5 m). False positives (green 222 

points) and negatives (red points). 223 

 224 

Bland Altman plots revealed increasing bias using mean temperature 225 

between the T1020 and E60BX, C2, and FLIR ONE at a distance of 0.7 m (Figure 226 

5; bias: E60BX: 0.0 ±0.1 vs. C2: 0.0 ± 0.2 vs. FLIR ONE: 0.3 ± 0.3 °C). Higher 227 

biases were observed in distance of 1.5 m (bias: E60BX: -0.1 ± 0.3 vs. C2: -0.2 228 

± 0.3 vs. FLIR ONE: 0.2 ± 0.4 °C). Similar results were observed for maximum 229 
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temperature (Figure 6; distance 0.7 m bias: E60BX: 0.1 ± 0.1 vs. C2: 0.0 ± 0.3 230 

vs. FLIR ONE: 0.3 ± 0.4 °C; distance 1.5 m bias: E60BX: 0.0 ± 0.3 vs. C2: -0.1 ± 231 

0.3 vs. FLIR ONE: 0.3 ± 0.4 °C). 232 

 233 

 234 

Figure 5. Difference of temperature asymmetry for the two distances (0.7 m and 235 

1.5 m). Bland–Altman plots with 95% limits. 236 
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 237 

Figure 6. Difference of maximum temperature asymmetry for the two distances 238 

(0.7 m and 1.5 m). Bland–Altman plots with 95% limits. 239 
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Inter-camera reproducibility (Table 3) at a distance of 0.7 m was excellent 240 

for E60BX and C2 cameras, and moderately reasonable and good for FLIR ONE. 241 

At 1.5 m, the inter-camera reproducibility was very good for E60BX, moderately 242 

good and very good for C2, and reasonable for FLIR ONE. 243 

 244 

Table 3. Intraclass correlation coefficients of inter-camera reproducibility 245 

between T1020 and the other three cameras for asymmetry calculation at two 246 

distances (0.7 m and 1.5 m). 247 

 Distance = 0.7 m Distance = 1.5 m 

 E60BX C2 FLIR ONE E60BX C2 FLIR ONE 

Mean 0.95 
[0.90, 0.97] 

0.87 
[0.83, 0.90] 

0.42 
[0.01, 0.65] 

0.66 
[0.56, 0.74] 

0.50 
[0.16, 0.70] 

0.30 
[0.13, 0.45] 

Maximum 0.90 
[0.52, 0.96] 

0.84 
[0.79, 0.88] 

0.38 
[0.03, 0.61] 

0.72 
[0.63, 0.79] 

0.60 
[0.46, 0.71] 

0.28 
[0.02, 0.48] 

 248 

4.Discussion 249 

This study aimed to determine whether temperature asymmetry 250 

determination is affected by characteristics of four different thermographic 251 

cameras recording IRT images at two different distances from the region of 252 

interest. We set up an experiment considering measurements of water samples 253 

with temperature being manipulated to induce asymmetries of 0.5°C or higher, a 254 

reference often assumed as the cut-off point to discuss the relevance of 255 

temperature asymmetries (1,2,23). It was found that cameras of lower hardware 256 

characteristics (C2 and FLIR ONE) are more likely to present higher error rates. 257 
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In addition, the closer distance between the camera and the region of interest 258 

was a determining factor for the results’ accuracy.  259 

FPA influences the infrared camera performance (24). Considering T1020 260 

as the reference camera, due to its FPA of 1020 x 768 pixels, E60BX camera 261 

(320 x 240 pixels) provided results, with a higher level of correlation with the 262 

reference camera (T1020). In the opposite direction, the other cameras (C2 and 263 

FLIR ONE), both with FPA of 80 x 60 pixels, showed higher false positives and 264 

negatives, a lower correlation index, and a greater bias for both maximum and 265 

mean temperatures, especially for the 1.5 m distance. FPA influences the ability 266 

to detail an image, especially at larger distances, and the FPA difference between 267 

cameras can determine a difference in temperature outcomes (11,12). It also 268 

affects the ROI delimitation. In our study, even though the images were circles 269 

with a relatively low level of demand to subjectively define de ROIs edges by the 270 

evaluator, images taken at 1.5 m still generated highly discrepant results in lower 271 

FPA cameras, which is in agreement with a previous study (18).  272 

The distance between the camera and the region of interest may affect the 273 

accuracy of thermographic measurements. The measurements performed at 1.5 274 

m generated higher levels of both false positives and negatives, including E60BX 275 

camera, which has better performance parameters. In a previous study, 276 

differences of up to 0.2 °C were found when thermographic measurements were 277 

conduct at 0.2 m and 2.5 m far from region of interest (26). In this study, where 278 

we used artificial samples and, therefore, free of intervening factors typical of 279 

experiments with humans (such as thermoregulation, sex, menstrual period, 280 

food, smoking, etc.), we further advance on the concept that even small variations 281 

in distance measurement can have an impact on the temperature outcomes, and 282 
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invalidate discussions about asymmetries that show small magnitudes. Lower 283 

FPA cameras register images with less precision. It is important to be sure about 284 

the minimum region of interest dimension, which can be obtained by multiplying 285 

the camera’s IFOV by the distance.  286 

Bland Altman's graphics visually present that it is preferable to take 287 

pictures from shorter distances, and that the bias and scattering of results is 288 

overstated for the FLIR ONE camera, suggesting the possibility that data from 289 

this camera may result in misleading information. It is important to emphasize the 290 

effect of the distance between the camera and the region of interest on the results 291 

of IRT images, since there is a need to cover both legs within the image in some 292 

experiments, which end up leading to measurements at distances larger than 1.5 293 

m between the camera and the region of interest (27,28). 294 

FPA influences asymmetry determination, but it is important to note that 295 

even cameras with similar FPA may provide different results. The Noise 296 

Equivalent Temperature Difference (NETD), which quantifies the thermal 297 

sensitivity of the camera and also refers to the ability of the system to detect small 298 

temperature differences within the image, can be a source of differences between 299 

cameras with similar FPA. As lower is the NETD value, lower is the noise, and 300 

the smaller is the temperature differences that can be detected by the camera in 301 

an image (29). 302 

Cameras with worse thermal sensitivity (higher NETD values at the same 303 

defined temperature) are less capable of avoiding false data homogeneity (30). 304 

It could impair the detection of relatively high temperature differences within the 305 

same thermogram, and therefore misleading injury diagnosis. The higher false 306 

negative rates found with cameras with worse thermal sensitivity, mainly the FLIR 307 
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ONE, could explain this limitation. The large amount of false positives in FLIR 308 

ONE results may also result of its overestimation of temperature (12), possibly  309 

producing images with false zones with heat peaks. Given that camera 310 

temperature ranges are related to NETD (31), when a certain temperature can 311 

be measured using two different temperature ranges, it would be advisable to 312 

select the narrowest one, since it would exhibit the lowest noise.   313 

Although they are advantageous in terms of portability and low cost, the 314 

lack of adjustable focus in both the FLIR ONE and C2 cameras could be a 315 

disadvantage compared to the other cameras used in this research. Fixed focus 316 

prevents sharper thermograms and ROIs from being delineated, resulting in 317 

limitations for the distance between the camera and the region of interest (32). 318 

Although results with closer images indicate a low impact of the focal adjustment 319 

(33), we observed that the low sharpness of images taken at 1.5 m distance was 320 

determinant for inaccurate results. 321 

In conclusion, cameras with better hardware characteristics produce 322 

accurate and consistent results in a wide range of practical situations. In these 323 

cases, both at maximum and mean temperature the results were solid, and the 324 

level of error as a function of distance was low. The C2 and FLIR ONE cameras 325 

have advantages such as portability, which can facilitate use in several situations 326 

including external environment and clinical setting. Their lower hardware 327 

characteristics may compromise the determination of temperature asymmetry 328 

results depending on the distance of image recording. These cameras may not 329 

be recommended for measures far than 0.7 m and for small ROIs (less than 25 330 

pixels (15) or 3-4 times the IFOV (31)), for example in the analysis of diabetic foot 331 

(34). 332 
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The distance between the infrared camera and the sample also affects the 333 

results, and it is preferable to take a closer shot. Furthermore, cameras with 334 

superior hardware characteristics (e.g., ≥ 320 x 240 pixels, ≤ 1.3 mrad of IFOV or 335 

≤ 45 mK of NETD) ensure greater data reliability when investigating thermal 336 

asymmetries of at least 0.5°C. For application fields with less need for precision 337 

(high size of ROIs and high asymmetries to detect), C2, which has the advantage 338 

of portability, seems to be sufficient. 339 

A limitation of this study could be that the equations obtained have not been 340 

validated, for example employing a ROC curve (receiver operating characteristic 341 

curve) analysis with other data. However, our objective was not to use the 342 

equations, it was an approximation to know the degree of relationship between 343 

each camera and the T1020, as well as to evaluate the effect of distance on the 344 

detection of thermal asymmetries. Moreover, the asymmetries observed were 345 

dependent on the simulated situation created. We decided to use water to create 346 

asymmetries for its similar emissivity compared with the skin (water 0.97 vs. skin 347 

0.98). However, another kind of simulation, for example using another liquid with 348 

different emissivity (e.g., oil), could modify the intensity of the differences 349 

observed. Finally, cameras present a considerable level of fluctuations and noise 350 

which can affect the results. Although this noise can be corrected by different 351 

computational methods (e.g., PCT, NMF, etc.), we want to reproduce the clinical 352 

conditions, and in these conditions, evaluators take the image and they did not 353 

do any of these corrections, except the calculation of the thermal asymmetry.  354 

From an applied point of view, through the findings of this study we consider 355 

that researchers interested in evaluating thermal asymmetries may have better 356 

parameters to choose the most suitable thermographic cameras and will be able 357 
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to observe that images taken closer present more consistent results. Altogether, 358 

this results also indicate that the standardization of the measurement protocols 359 

are a determining factor for the validity of analysis of temperature asymmetries.  360 
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Figure captions 468 

Figure 1. Firstly (A), glass 1 was filled with water to be heated to 40°C, 469 

while glass 2 remained empty at room temperature. Secondly (B), glass 2 was 470 

half filled with heated water. IRT images were taken for situation B. 471 

Figure 2. a) Experimental setup and thermal images performed with 472 

T1020 showing the ROIs (dashed lines) within the water in both glasses at b) 0.7 473 

m and c) 1.5m. 474 

Figure 3. Linear regression analysis for the temperature asymmetry 475 

obtained in two camera distances (0.7 m and 1.5 m). False positives (green 476 

points) and negatives (red points). 477 

Figure 4. Linear regression analysis for the maximum temperature 478 

asymmetry obtained in two camera distances (0.7 m and 1.5 m). False positives 479 

(green points) and negatives (red points). 480 

Figure 5. Difference of temperature asymmetry in two distances (0.7 m 481 

and 1.5 m). Bland–Altman plots with 95% limits. 482 

Figure 6. Difference of maximum temperature asymmetry in two distances 483 

(0.7 m and 1.5 m). Bland–Altman plots with 95% limits. 484 


