Hot and Sound - Ultrasonic 2D
Pyrometer
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Abstract

Several techniques have previously been developed to
measure temperature in real-time within the region
of interest (ROI). In the past, considerable effort was
expended in developing robust and accurate temperature
measurement techniques. Thermocouples are the most
widely used sensing devices, but drawbacks such as
intrusiveness, single-point sensing, and corrosion in
harsh environments make them difficult to use in certain
conditions. Non-invasive techniques, such as infrared
thermometers and thermography cameras, have some
disadvantages of being expensive, having a limited range,
and the accuracy can be easily affected by dust and smoke
which usually exists in a high-temperature environment. As
a result, the focus of this work is on the use of ultrasound
technique, which is not limited by the afore-mentioned

factors and has simpler instrumentation.

In this work, the ROI is surrounded by 12 ultrasonic
transceiver units (TUs) of 40kHz. The measurement
procedure is divided into two sections: transmitting
and receiving. During transmission, one TU acts as an
emitter, while the remaining TU acts as a receiver. The
cycle continues until all the TU has fired. The transmitting
TU is driven by the H-bridge circuit, and a wide range of
acoustic transmission angle up to 150° could be efficiently
implemented to record the acoustic signal at the receiving
end. The TUs are isolated from one another to prevent
the high voltage used to excite the ultrasonic transducer
from damaging the input terminal of the pre-amplifier
circuit. To successfully capture the ultrasound signal
at the receiving end, each TU is followed by an analog-
to-digital convert. Next, the capture signal is filtered
using a custom signal processing technique to calculate
an accurate ultrasound velocity, which is then used to

reconstruct the 2D temperature distribution map for the
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ROI, as shown in Fig. 3 The temperature values are also
collected using a 37-thermocouple array and interpolated
into a 2D temperature distribution map. As a verification
step, the thermocouple result is compared to the ultrasonic

temperature measurement.

Therefore, research can be applied to a variety of fields,
including indoor gas temperature monitoring, blast furnace
temperature monitoring, and so on. The ultrasound
technique can successfully measure temperature in solid,
liquid, and gas environments. The best representative of
ultrasound technique is multi-aspect adaptability, non-
intrusive feature, broad scanning range, and economic cost

consideration. It is also the main characteristic for imple-

menting this research topic.
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