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Temperature field of body surface measurement by uncooled

infrared thermal imager and error correction
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Abstract: Measure body surface temperature with uncooled infrared thermal imager has many features
such as fast, non-contact, short scope of measurement and higher accuracy requirement. But temperature
of core and environment will interfere the accuracy of micro-bolometer to a great degree. A new method
was proposed to correct temperature error caused by the difference of temperature between calibration and
measurement. The data of core temperature, environment temperature and grayscale were measured and
recorded, and then error correction parameter was calculated by using SVM. In the course of
measurement, the environment temperature and core temperature were obtained with thermocouple and
sensor in micro-bolometer, and then error correction of environment temperature and core temperature
were finished by error correction parameter. By this way more accurate data of human body surface
temperature field were gained. Experimental results shows that the error of new corrected method can be
decreased at least 50% when the distance of measurement is about 2m, compared with thermocouple of
high precision which had been calibrated.
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Fig.1 TG165(a) and EsalR 9 infrared thermal imagery(b)
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Fig.2 Foot surface temperature field of FLIR A655sc thermal

imagery
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Tab.1 Accuracy of temperature measurements of
microbolometer at home and abroad’s

famous company

Type NETD Measurement accuracy Resolution
TG165 150 mK 1.5 C or +1.5% of reading  80x60
T420&T440 45 mK +2 C or 2% of reading 320%x240
FLIR A655sc <30 mK +2 C or £2% of reading 640x480
EsalR 9 800 mK +2 C or #2% of reading 384x288

T8 40 mK +2C or £2% of reading  384x288
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Tab.2 Emissivity of human tissues at 40 °C

(2)

Measurement object Emissivity
Black skin(3-12 pm) 0.98+0.01
White skin(3—-14 pwm) 0.97+0.02

Forehead skin(3-14 pm) 0.97+0.02
Burnt skin(3-14 pm) 0.98+0.01
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Fig.3 Experimental facilities of thermal imagery calibration
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Fig.4 Grayscale-temperature curve of thermal imagery calibration
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Fig.5 Placement of thermal imagery in experiment of environment

error correction
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Fig.6 Change curve of grayscale follow the change of core

temperature and environment temperature
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Tab.3 Error of four kinds of fitting methods of
environment temperature-grayscale and

core temperature-grayscale

Third Fifth Power
Method orderleast orderleast ow.e SVM
function
squares squares
MSE 5.9009 5.2226 7.7918 1.084 9
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Fig.11 Location of marked circle waiting for testing
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Fig.12 Gray image of skin surface temperature field
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Fig.13 Pseudo-color image of skin surface temperature field
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Tab.4 Result of palm temperature error correction

experiment

Measurement Percentage of
T, T, E,

object ! improved accuracy

Areal 323 357 316 3.4 0.7 79.4%
Area2 30.7  34.7 30.3 4 -0.4 90%

Area3 308 356 315 4.8 0.7 85.4%
Aread 30.7 355 314 4.8 0.7 85.4%
Area5 305 344 302 39 -0.3 92.3%
Areab 30 343 30.2 4.3 0.2 95.3%
Area7 29.1 339 296 4.8 0.5 89.5%
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Tab.5 Result of temperature error correction

experiment
Measurement Percentage of
! T, T E E e
object improved accuracy
Hand 31.9 359 32.5 4 0.6 85%
Arm 33 354 319 24 -1.1 54.2%
Forehead 33.4 36.4 32.6 3 -0.8 73.3%
Cheek 31.2 343 306 3.1 -0.6 80.6%
Nose 304 33.8 29.5 3.4 =09 73.5%
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