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Abstract: Most of the non-contact temperature measuring devices in the market are mainly based on dot infrared
thermometers. The single machine operated instruments can only meet the requirements of temperature measurement for local
temperature points, and can not feedback the temperature information and temperature direction of the whole temperature field in
real time. Under the condition of low temperature, for the Commonly non-contact temperature measurement system, the reaction
is not sensitive, can not keep up with the temperature change, Continuous calibration and debugging are needed in the case of
changing ambient temperature, resulting in a great waste of personnel and time. In the aspect of infrared detector, the operating
wavelength of the traditional infrared CCD is 0.4-1.1um, affected by the cut-off wavelength, the error of infrared CCD is very
large in industrial low temperature measurement. The operating wavelength of uncooled focal plane array infrared camera is
generally between 8-14pum, which temperature measurement accuracy can reach 0.01°C under the optimum working
environment. The UL01011 is most commonly used as the core photo detector in the uncooled focal plane uncooled
micro-bolometer array infrared camera, we used it as the experimental photoelectric detector, Experiments showed that this
method could achieve better results in practice.

Keywords: Uncooled IRFPA Camera, Infrared Thermal Imager, Microbolometer, Colorimetric Temperature Measurement,
Temperature Control Network

each year. When replacing thermocouples, it also needs to close
the furnace. This reduces production efficiency and increases
production costs. For non-contact temperature measurement,
most of the common non-contact temperature measurement
devices on the market are mainly point-type infrared
thermometer, This single-machine instrument can only meet the
temperature measurement requirements for local temperature
points and can not feed back temperature information and
temperature trends of the entire temperature field in real time.
Therefore, it is necessary to develop the non-contact
temperature measuring system for real time, accurate, high
temperature, high stability and large field of view. The
non-contact furnace temperature measurement system mainly
adopts infrared CCD, and its working wavelength is mostly
0.4-1.1um, which is affected by the cutoff wavelength. [1] The
infrared CCD has a small temperature measurement range and
large error in the industry. The normal uncooled IRFPA camera
has a working wavelength of 8-14pm, but its working

1. Introduction

The traditional temperature measurement method is mostly
contact temperature measurement. The contact temperature
measurement is generally to add a heating couple to a specific
temperature point to be measured. The temperature of the point
is measured by a thermocouple. Contact temperature
measurement can only measure local temperature, and it can not
reflect the temperature situation of the entire temperature field,
and contact temperature measurement can only monitor the
temperature of industrial equipment such as high temperature
heating furnaces. It is difficult to measure the temperature of
industrial products such as steel plates and Silicon rods that are
being processed inside. in addition, the service life of contact
temperature measuring devices such as thermocouples in high
temperature environments is very short. A steel plant can spend
more than 10 million yuan on the purchase of thermocouples
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environment is very demanding. It needs to work in a constant
temperature environment. The electron accumulation is easy to
be saturated during the working process. Conventional
photoelectric detectors have a very small temperature range and
can not keep up with temperature changes. They are prone to
temperature drift and can not meet actual needs. The InGaAs
camera has a large working temperature range, high sensitivity,
strong controllability, large temperature measurement range and
high temperature measurement accuracy, which can meet the
actual needs. In this paper, an InGaAs camera is used as an
experimental photodetector. [2] In this paper, the InGaAs
camera is used as an experimental photodetector.

2. Temperature Control System of
Uncooled IRFPA Infrared Thermal
Imager

The Uncooled IRFPA infrared thermal imager does not
require traditional chillers and scanners. It uses thermoelectric
cooling to cool photoelectric detectors. The temperature
control network of the built-in thermoelectric refrigerator can
effectively regulate the operating temperature of the infrared
focal plane array. The temperature control system of UL01011
non-refrigeration micrometer is divided into TEC, error
amplifier circuit and temperature compensation network. Its
structure is shown in Figurel:
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Figure 1. The temperature control network schematic.

The input of the control system is fed back by the infrared
detector to the focal plane, and the control system processes
the feedback information, From which to make corresponding,
And affect the focal plane, Therefore, the temperature control
system of the Uncooled IRFPA is a cycle system in which the
parts interact with each other. The temperature control
network of the Uncooled IRFPA includes a semiconductor
refrigerator (TEC) and a temperature sensor (NTC). TEC is
the core component of the hot spot cooling and can change the
power according to the environment, so that the ambient
temperature of the focal plane array is always float up and
down, NTC feeds back to TEC in real time the instantaneous
temperature of the Uncooled IRFPA array [3].

The temperature control system of the Uncooled IRFPA
infrared thermal imager designed by PID network has the

characteristics of adjustable temperature, sensitive
temperature control and high stability of the system. The
temperature control system of the PID control network will
monitor and cool the operating temperature of the infrared
focal plane array in real time. At the same time, it will
cooperate with the outside cooling methods such as air cooling
and water cooling of the temperature measurement system to
ensure that the infrared focal plane array works within the
optimal working temperature range. It avoids the drift of
thermal imager due to the high temperature in the working
environment, ensures the temperature measurement accuracy
of non-refrigeration infrared focal plane thermal imager, and
expands the application of non-refrigeration infrared focal
plane thermal imager in the field of infrared temperature
measurement. [4]

3. Related Parameters of InGaAs
Detector

The InGaAs detector has a large circular photosensitive
surface with a diameter of lmm-3mm, which is used in test
instruments and photoelectric sensing systems in the
wavelength range of 500nm-1700nm [5]. Ultra-low
undercurrent and high dynamic impedance occupy an absolute
performance advantage.

Its maximum absolute rating is shown in Figure 2:

parameter unit Minimum value Maximum
_The scope of work T -20 +85
Storage range T 40 85
Reverse voltage volis 20
Reverse current mA 10
Forward current mA 20

Figure 2. The absolute maximum rating schematic.

Based on advanced indium phosphide wafers, the InGaAs
camera chip provides a wide range of PIN wafers with 1mm,
2mm and 3mm photosensitive areas. Using a combination of
silicon and indium potassium arsenic materials, the
short-wavelength extended (500-1700nm) series of wafers can
cover the visible range. Due to its low junction capacitance
and large parallel resistance, it has high response speed and
low noise. The corresponding bands are shown in Figure3:

avelength (nm

Figure 3. The wavelength response range schematic.
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4. Composition of the Temperature Measurement System

—— power source
|transmission
control
| Electric Control
Uncooled IRFPA detector Cabinet
] .
| wireless
+ launch
220VC local control COMPUTER
cabinet

Wireless Receive

220VAC

IPC

Figure 4. The system conFigureuration.

The important parts of the industrial temperature
measurement system are as follows: (1) Uncooled IRFPA
detector; (2) Propulsion (including electric or pneumatic); (3)
furnace wall connectors; (4) electrical control cabinets; (5)
Industrial computer

4.1. Workflow of the Temperature Measurement System

Filter switching device can quickly switch between two
narrow band filters, so that the infrared thermal imager of the
non-cooled focal plane can obtain video images of these two
wavelengths in a short time [6]. The capture card collects the
video image of the thermal imager and transmits it to the image
processing system. The image processing system of the industrial
computer divides, filters, smoothes, transforms, and enhances the

|HighI'P delec(ox" |\'ollage cuticle
b

Image
Informauon fiber adapter

h&gh TP fumace

image. Finally, the T-R (T) database is called to determine the
temperature of this point based on the gray ratio of the two
images at the same point. Monitor output temperature
measurement data and temperature field image, complete the
temperature measurement. The system encodes the field of view
image in pseudo-color, and the display interface can display the
original image and the corresponding pseudo-color image at the
same time. The staff can use the mouse to draw points and lines
on the pseudo-color image. At this point, the computer's display
will show all the real-time temperatures that have been crossed.
[7] The output of the results is more intuitive and can help the
staff to predict the temperature direction of the temperature field
in the blast furnace in advance and make an early warning of
excessive temperature.
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Figure 5. The Temperature measurement system workflow.

4.2. Software Design Process for the System

In order to complete real-time and accurate temperature
measurements and display the measurement results more

intuitively, [8] the software design flow of the Uncooled
IRFPA colorimetric temperature measurement system is as
follows:
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5. Output of data
According to the colorimetric formula
) 1 1
@Uﬂcm? T = 02(/\2 /11) . 0&(T,A) _
* ad justment - nM(T,/\l) ~ n‘&‘(T,/ll) _s} A it FY, =0,
=I ] M(Ta/lz) “:(T7A2) Al
capture Calculate the gray scale of double wave length after image
¢ processing, we can get the temperature
) (i - i)
control _ A A o )
Y T 3, This is the calculation formula of
In———=-5In—=
amend M (T ’/‘2) /]1
the colorimetric method. [9] In the field of view to be
l monitored, a number of key monitoring areas will be manually
calculate selected. [10]
- Figures (7-8)are temperature monitoring charts of the
i furnace tube in a petrochemical Coke oven, The picture on the
_ N left shows a fake color tube, Nine monitoring points were set
< nght or wrong>—" up on its surface, and users could see the real-time temperature
] of the nine monitoring points at the same time. [11] At the
L " same time, other temperature points or lines that you want to

graph 1 monitor can also be selected by clicking or underlining to
measure the real-time temperature in the temperature area to
be measured online [12].

Figure 6. The system software processes.

Figure 7. The temperature-line monitoring of the furnace in coking furnace.
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Figure 8. The temperature curve of the furnace marked lines.
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Figure 9. The historical temperature curve of the furnace marked points.
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Figure 10. Query the database to get the screenshot.

In the Figures (9-10), users can use the system's database to
query the historical temperature curves and the average
temperature of a point on the furnace tube in recent hours or
days. [13]This can more intuitively determine the temperature
direction of the marking point, thus optimizing the heating
plan, reducing fuel waste, and making early warnings of
excessive combustion, eliminating safety hazards. [14]

6. Conclusion

This paper mainly introduces the hardware composition,
workflow and software design flow of the contactless
colorimetric temperature measurement system using the
Uncooled IRFPA infrared thermal imager as the infrared
detector and the display scheme of the workpiece surface
temperature image. [15] The system can carry out
high-precision temperature measurement of the lower
temperature industrial controls, and solve the problem that the
traditional non-contact temperature measurement technology
is insensitive to the low temperature part and the temperature
measurement accuracy is not high. The experimental results
completely meet the realistic requirements. Latest research
results: large-scale, Internet-based temperature measurement
systems have been designed and put into use. we are satisfied
with the Experimental results.
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