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Characteristics of Infrared Thermometers Manufactured in Japan
and Calibration Methods for Sky Radiant Emittance

Xiufeng WaNG, lkuo HoriGucHr and Takashi MacHIMURA

(Faculty of Agriculture, Hokkaido University, Sapporo 060, Japan)

Infrared thermometers to measure surface temperature have been increasingly adopted in
recent years. The characteristics of the IR thermometer, however, are not well known.

IR thermometers manufactured in Japan systematically adjust for ambient radiation based on
the internal temperature of the thermometer. If, therefore, there is a large difference between
the internal temperature of the IR thermometer and the apparent temperature associated with
the surrounding radiation, a large error will be induced into the measured surface temperature.

The purpose of our research was to determine the characteristics and measurement errors of
IR thermometers. Experiments were performed with regard to the following items: @ Measure-
ment errors related to the internal temperature of the IR thermometer. @ Linearity of the
output signal of the IR thermometer. ® Response of the output signal to changes in the emis-
sivity setting. @ Effect of sky radiant emittance on the measured surface temperature. ® Cali-
bration method for the terrestrial surface.

The following is a summary of the results: Measurement error is affected by the internal tem-
perature of the IR thermometer. Measurement accuracy is improved with a controlled internal
temperature of 20—30°C. The measurement error becomes larger at emissivity settings under 0.7.

The measurement error outdoors was not proportional to the downward longwave radiation,
but to the sky radiant temperature measured by the IR thermometer. Calibration for sky radiant
emittance was improved by using the difference between sky radiant temperature and air temper-
ature.

When the surface temperature measured by the infrared thermometer is plotted against the
surface temperature measured by thermocouple, the sky radiant emittance error is obtained from
the Y intercept. Additionally, the difference between true temperature and output of the IR
thermometer for a reference plate was compared to that obtained for vegetation, and the RMS
obtained was about 1.0°C.

Key words: Calibration method, Infrared thermometer, Measurement error, Sky radiant

emittance.
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Table 1 Specifications of the IR thermometers used for these experiments.

Therm Spectral Temperature Accuracy View angle Sensor Response Note

named | response (mu) range (T) (T) ) element time (sec)
Al 85~125 —50~150 +0.5 2 PbTiO, 0.7 (95%) Ma.Co, (Japan)
A2 85~125 —30~150 +1.5 1 PbTiO, 0.7 (95 %) ”

B 7~20 —50~500 +1.0 2 Thermopile 0.5 (90%) 0. Co. (Japan)
C1 8~14 —50~1000 +0.3 1 (Pyroelec.) 0.5~1.0 Mi. Co. (Japan)
C.2 7~30 —50~1000 +1.0 1.3 element 0.5~1.0 ”

D 8~14 —30~100 +03 2 ? ~0.5 E.Co. (USA)
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Fig. 1. Schematic diagram of the IR thermometer
with cone used for measurements in the
laboratory.
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Fig. 2. Differences between the surface tempera-
tures of a 30°C plate as determined by ther-
mocouple and by IR thermometer caused
by changing internal temperature of the IR
thermometers.
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(a) A.2 IR thermometer, (b) D IR ther-
mometer.

s}
3

Plats Tam,
O —uc

Temperature Difference (°C)

15 20 25 30 35 40 45 50

internal Temperature (°C)

Fig. 4. Temperature differences caused by chang-
ing internal temperature of D IR ther-
mometer.
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Table 2

Treatment Standard deviation of error
Thermometor Changing plate | Changing internal
named temperature temperature
Al 04T 02T

A2 0.5 1.0
B 2.9 1.9
C.1 0.5 2.9
C.2 1.0 1.9
D 0.3 438

Table 3 Root mean squares (RMS) for regression
lines between true surface temperature
and IR thermometer output under a
constant internal temperature.

Internal Temp. | 20C 30T 40C 45T | 20~45T

T C T T T

Al 0.1 0.1 0.1 0.1 0.1

A2 0.1 0.1 0.2 0.1 04

B 0.2 0.2 0.3 0.3 1.7
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D 0.1 0.1 0.1 0.1 1.7
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Table 4 Regression equations between true surface temperature by
thermocouple and surface temperature by IR thermometer,
and measurement errors between the surface temperature

of thermocouple and of IR thermometer.
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