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Abstract

MRTD (minimum resolvable temperature difference) is an important parameter to
evaluate the infrared thermal imager. MRTD is not only related to the spatial resolution
of the system, but also to many factors such as optical system, detector array and so on.
The measurement technique and principle of the medical infrared thermal imager’s
MRTD is deeply analyzed, and the MRTD measurement model is established in this paper.
The MRTD measurement system of infrared thermal imager based on CCD imaging
technology is designed. CCD is used to carry on the interpretation of temperature
difference in this system instead of the human eye, which can avoid the effect of some
factors on the subjective image quality evaluation, such as the contrast, the human
interference flaw and so on. The sub-pixel edge detection algorithm is used to deal with
the four-bar target image, which can effectively suppress the interface of the random
noise on four-bar target image. The experimental results show that the MRTD testing
accuracy of the system can reach 0.055 C.
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1. Introduction

The infrared thermal imager is a kind of test equipment. It carries on the target material
testing through the principle of infrared imaging, and detects the object that the human
eyes can’t identify. Non-contact manner is the main method for the infrared thermal
imager to detect the infrared heat. The detection results can generate a certain image.
Then after a rigorous calculation, image data is calculated, and this data is need to collect
in the future by the staff members. This device can calculate the temperature of the target
material, which is a sophisticated detection instrument in industrial detection. The
collected temperature data will be qualified concretely, so that the heat generated in these
areas can be identified by the staff, and then more specific analysis can be obtained. In
recent years, the infrared thermal imager has been widely used. MRTD is an important
parameter for evaluating the infrared thermal imager.

2. The Establishment of MRTD Measurement Model

2.1. Traditional MRTD Measurement

The traditional MRTD measurement method is the subjective method. The method uses
the human eyes to interpret, and puts the four-bar target with specific space frequency and
height-width ratio of 7:1 on a uniform background. The temperature difference of the
target and the background is increased gradually from zero by the adjusting temperature
blackbody. When the observer is able to distinguish the four-bar target image, the
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temperature difference between the target and the background is MRTD. The
measurement principle is shown in Figure 1.
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Figure 1. MRTD's Subjective Measurement Principle Diagram

In the process of measurement, the interpretation results are different because of the
different image interpretation, or the different mental state of the same interpretation.
When subjective measurement method is used to measure MRTD, the result is not stable,
and the repeatability is poor. So the new technology is needed to form the objective
judgment standard. In this paper, the results of previous studies are analyzed, and the
MRTD measurement technology of the infrared thermal imager is designed based on
CCD imaging technology.

2.2. MRTD Measurement Model

CCD is used to replace the human eyes to interpret the temperature difference based on
the MRTD subjective measurement method. In consideration of the need of establishing
an approximate infinity benchmark target when measuring MRTD, the collimator is used
to simulate in this paper. The system composition is shown in Figure 2.
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Figure 2. The Block Diagram of MRTD Measurement System

The target used in the MRTD temperature difference interpretation is a 4-bar target,
and it is shown in Figure 3.
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Figure 3. 4-Bar Target

The variable temperature target generators are composed of a surface source blackbody
and a four-bar target, which provide a variable temperature target for the test system. The

120 Copyright © 2016 SERSC



International Journal of Multimedia and Ubiquitous Engineering
Vol.11, No.7 (2016)

collimator provides an infinite and parallel beam, which provides a reference target for
testing. The spatial frequency of the four-bar target is selected by 0.2f, 0.5f, 1f, 1.2f value
(f is 50% of the characteristic frequency of the infrared thermal imager being tested). The
infrared target of the four-bar target gets through the infrared thermal imager being tested.
It is received by the CCD sensor, which is collected in the computer by the image
acquisition card and processed by the MATLAB.

By adjusting the temperature of the surface source blackbody, the target temperature is
gradually above the background temperature.

In consideration of the temperature difference of hot rod, it is the temperature
difference between 75% Oof each bar target and 75% of two bar targets, and it is
observed, record the image and the temperature difference. The temperature difference
until the cold bar appears is to lower continually, and the image and temperature are
recorded differently. Repeat the above operation, record large amounts of data as training
samples. The nonlinear mapping relationship between the input and output is obtained,
which can be used to calculate the temperature difference of the hot bar and the cold bar.

In the measurement, it is called positive temperature difference AT, Wwhen the target
temperature is higher than the background temperature; it is called negative temperature

AT, difference when the target temperature is lower than the background temperature.

The average value of the absolute value is taken.
AT, =T,-T, )

2)
Wherein, T, is the equivalent environment temperature, T, is the target temperature
when the four-bar white striped pattern can be distinguished, T, is the target temperature
when the four-bar black striped pattern can be distinguished.
The MRTD of the infrared thermal imager is:

. *|AT1|+|AT2|

2 ®3)

AT, =T, -T,

MRTD =

K is the system correction factor.
Put K, the positive and negative temperature difference into (3), the MRTD of the
thermal imager tested can be obtained.

3. The MRTD Measurement System of Infrared Thermal Imager Based
on CCD Imaging Technology

In this paper, a Newton type reflective collimator system is constructed, in which the
off-axis parabolic mirror is the main body. It can provide infinity infrared target for the
infrared thermal imager tested. The target is composed of the infrared reticle located at the
focal point of the off-axis parabolic mirror and the high control-temperature-precision
blackbody behind the reticle. The infrared thermal imager will display the image of the
infinite far infrared target on its own screen. If there is a video signal output port, the
video signal is captured through the video capture card and analyzed and processed by the
computer to obtain the MRTD parameter. If there is no video signal output port, the
infrared camera display is captured by the CCD. the camera's video signal is processed to
obtain the relevant performance parameters. The structure of the system is shown in
Figure 4.

The infrared collimator is composed of surface blackbody, target, off-axis parabolic
mirror and body tube which has shielding mixed astigmatism, dust-proof function tube
composition. The data processing system is composed of the computer and the
corresponding board and the special software, which is the man-machine interactive
medium for the completion of the parameter-test operation.
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In this system, the surface blackbody is designed and made with precision temperature
measurement and control technology to meet the following performance indicators:

Differential temperature range: —10C~50TC;

Effective radiating area: = ® 30mm;

Temperature resolution: 0.01C;

Temperature control accuracy: +0.3C;

Temperature uniformity: 0.1°C(A T< £57C, 2/ 3 of the central region);

Temperature stability: £0.01C/h;

Effective emissivity: = 0.95.

The off-axis parabolic mirror is the main body of infrared collimator. According to the
need of the function and accuracy, the focal length f=1500mm, the diameter D=®150mm,
the spectral range: 8 ~ 14um.

The CCD of >1000%1000 resolution is needed in the CCD imaging system. So the
Canadian Lumenera company's Lu175m camera is used.
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Figure 4. The MRTD Measurement System of Infrared Thermal Imager

4. Four-Bar Target Image Processing

When it is collected into the computer through the image acquisition card, the four-bar
target image is a high noise image. The system uses the sub pixel edge detection
algorithm to achieve the processing of the four-bar target image. The steps are as
followed:

(DThe coarse positioning of the four-bar target image is carried out by using the

conventional Sobel edge detection operator. The weighted difference of the adjacent

point’s gray around each pixel in the digital image (ACIROLET studied, and the operator
Sobel s obtained as follows:
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s(i,j):|AXf|+‘Ayf‘
(Fi-1j-1)+2f(-1)+ f(i-1j+1)-
(F(i+1,j-1)+2f@+1 )+ f(i+1,j+1)

((fG-2),j-0+2f(i,j-1)+ f(i+1,j—l))—‘

+(f(i—1,j+1)+2f(i,j+l)+f(i+1,j+1)) @)
The convolution operator is as followed:
-1 0 1 -1 -2 -1
Af=|-2 0 2 A f=l0 0 0
-1 0 1 1 2 1
®)

Take appropriate threshold TH, e{nd judgment is as follows: for example, if

s, ) >TH (. 1) s the step edge point, £+ 1)} s the edge image.

At the edge of the image, that is the extreme point. Its second order derivative is zero.
So it takes a point in a small neighborhood on both sides of edge point, and calculate

gradient direction value ¢ of each point in the small field. The formula is:
0(i, j)=cot(f / f/) ©
If the gradient magnitude of the neighborhood center is larger than the gradient
magnitude of the two adjacent points along the gradient direction, this point is an edge
point, and is set to 1;otherwise it is a non-edge point, and is set to 0. So an edge image
single pixel is get.
(3According to the procedure (D), the Gaussian curve fitting can be carried out in the
gradient direction. the Gauss curve expression is (7):

1 —(x—u)°

y = exp( )
\N27o 207 )

On both sides of formula(7) are taken as the logarithm:

(x—u)’ 1
Iny =- > + In

Formula(8) is a quadratic curve, with a binary quadratic polynomial to fit close to the
logarithm value of pixel gradient in the neighborhood of the edge point. The surface
fitting function is as followed:

f(x,y)=a, +ax+ a2x2 +a,y + a4y2 + ag Xy @

In which x, y is the coordinate value of pixel , FOGY) s the gradient logarithm value

of pixel point **¥) . The gray value of pixels near the edge of the field 3> 3 is used and
the least square method, the coefficient of the fitting function is calculated.

Xx=i+1x= j+1
2

S = O Z[f(x,y)—(ao+a1x+a2x2+a3y+a4y2+a5xy)]2 (10)

x=i-1x=j-1

Replace ¥ and Y in the surface function (10) with # €°5(9) and #$1"(@) respectively,
and get a quadratic curve equation. The maximum value is the exact coordinate of the
edge point. The quadratic curve equation is as followed:
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a, cos(@) + a,sin(0)

2[a, cos” (0) + a;cos(d)sin(f) + a,sin"(0)] 1)

The coordinate of sub pixel edge point can be obtained:
X = cos(6@ = sin(@
pg,cos(@) y=p, sin(0) 12)

In addition, with CCD instead of human eyes to observe and judge, in order to
effectively suppress the interference of some random noise , the multi-frame image can be
dealt with average processing to reduce the impact of noise on the judgment. By the
experience, it is more reasonable to take 6~11 images for averaging. This paper takes an
average of 9 images, and the processed image is shown in Figure 5.

Figure 5. The Processed Image of Four-Bar Target

5. Experimental Results and Conclusions

With the traditional measuring method and CCD interpretation method respectively to
measure the MRTD of the thermal infrared imager tested, 10 inferior precision
experiments are carried out. The experimental data table is shown in Table 2.

Table 2. The Experimental Data Table

. traditional measuring method(°C) CCD interpretation method(°C)
Time +MRTD -MRTD  MRTD +MRTD -MRTD MRTD
1 -0.018 -0.121 -0.062 -0.013 -0.136 -0.052

2 -0.018 -0.125 -0.065 -0.013 -0.138 -0.053
3 -0.019 -0.117 -0.062 -0.011 -0.136 -0.052
4 -0.029 -0.122 -0.058 -0.011 -0.138 -0.054
5 -0.018 -0.124 -0.066 -0.012 -0.135 -0.053

6 -0.023 -0.122 -0.057 -0.011 -0.133 -0.051

7 -0.027 -0.116 -0.058 -0.009 -0.135 -0.054

8 -0.017 -0.121 -0.066 -0.013 -0.131 -0.050

9 -0.017 -0.129 -0.065 -0.013 -0.135 -0.052
10 -0.030 -0.129 -0.060 -0.012 -0.137 -0.050
mean value 0.0215 0.1241 -0.0618 0.022 0.135 -0.0514
0 0.006 0.004 0.038 0.00167 0.0019 0.0015

From Table 2, comparing the MRTD value measured by the subjective measurement
method with that of CCD interpretation method measured, there are deviations in the
mean value and standard deviation. As can be seen from the experimental data, CCD
interpretation is relatively stable, and has a good reproducibility.
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