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Abstract y-
Under the conditions that the target and background are bold and the tlw sion

loss in atmosphere between systems is neglected, the SNR of the thermal j system,
the radiation flux of the target and the NETD expression afe derive i5 basis, the
NETD test system of the modern infrared thermal i is st

constructed by a Newton type reflecting parallel _ligk %e, and\t]e/ -axis parabolic
reflector is as the main body, which provides @ mfrw rvation target for

infrared thermal imager being tested. The targe com f the infrared reticle
located at the focus of off-axis parabolic re@or and h precision temperature
blackbody at the back of the reticle. The i of infini rared target is displayed on
its own screen by the infrared thermal j r CCD shootS the screen of infrared thermal

imager, and NETD value is obtaurz%n p the camera's video signal. The
experimental results show tha& racy oq synthesis can reach 0.03 °Cin this
paper.
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1. Introductio \\

Medical i hermal\%ﬁ is composed of optical system, infrared detector,
signal proce circu 0 on. The radiation flux distribution of the scene is imaged
to the focal plane of th;@ucal system, namely the photosensitive surface of the detector.
The radiation detectof?ceives the scenery radiation and converts the infrared radiation of
the various part e scene into electrical signals in turn. The amplified signal is
converted into a dard video signal. Finally, the infrared thermography of the measured
object is s&d on the screen or monitor. The noise equivalent temperature difference
(NETD) main parameter to reflect the performance of the infrared thermal imager,
) essary to develop the modern testing equipment for the performance parameters
0%\ ared thermal imager.

2. Basic Principles of NETD Testing
The standard test pattern of NETD is shown in Figure 1.1.
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Figure 1.1. The Standard Test Pattern of NETD

A target of uniform temperature is in the background of the assumption that the target
and the background are all black. When the system is to observe the test pattern, the peak
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signal voltage V. generated by the system is made to be equal to the RMS noise
voltageV, , that is, the SNR is equal to 1. The temperature difference AT between the
target and the background is called the system noise equivalent temperature difference,
denoted as NETD.

In the actual measurement, in order to ensure the accuracy of measurement, the
temperature difference between target and background is usually made larger, so that the
signal voltage V. is several times of the noise voltageV, , then press the formula:

AT

VS/VI'I

(1) SNR of thermal imaging system
When there is a temperature difference between the target and the backgroé%ghe
radiation flux from the incident to the thermal imaging system is different, an%ey ignal

voltage V, is:
Vs =Ad; R, 6 (1.2)
Where: \‘% @
Ag, - Monochromatic radiation difference bet\l\‘1£ @e) background (W)

NETD = (1.1)

R, - The response of the detector (V/W)
Noise RMS voltage Vv, of the system is:

V, = (1.3)
Where:
s'(f)- System noise powe %
MTF, - Electronic filter trans functleq\
So the SNR of thermal |@q|ng sysﬁ@

A$;R;

The noise Yaltage |s§ @D the bandW|dth Af , and the bandwidth of the noise voltage,

according to formula Vo ~[s'(f,)Af ]2 isget. D, and R, relationship:

'& R, - DZV“V:D;{S'“‘))}; (L5)

'\5 (Aq - Af A
Formu ) is substituted into (1.6), and SNR is:

@ SNR = — AR, (1.6)
IF 5
AdZUO s’(f)MTFezdf}

Where, s(f)- normalized noise power spectrum, s(f )=

Af, = j:s'(f MTF2df (1.7)

Define Formula (1.7) as noise equivalent bandwidth. Since the electronic filter of the
system is usually low-pass filter,
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White noise s(f)= 1, which the relationship between Af, and 3dB frequency f,, is:
V4
n = E ftO
From the discussion of the signal processing section, to maintain the pass of basic
signal, take f,, =1/(2z,), so:

Af

Af =T
47y (1.8)
f,o - Dwell time of detector
The formula (1.7) and (1.8) are substituted into (1.6), and: x) R

SNR = —A% D,
(AAf, )7 62 (1.9)
(2) Radiant flux of the target %0
When no considering the target's reflection on the enN nt@%g the target as

Lambertian radiator, the targets spectral radiance S law:
-2 -1

. -cm Vad
- exp(c Y ) 4@ )

M , -Spectral radiance of the target

(W, A pm ™)
¢, -First radiation constant, ¢, = 3.&%21(2%’@%2)

¢, -Second radiation constant; @14388(

£ -Emissivity of the target. o
Figure 1.2 shows that/the radiatio sity of the target with the area of A

isl, =LA, whenwus full oPapiobe, A =a-f-R?, then:

I, = =%aﬂR2<\N~rad‘l-m‘l)

:’ effective michimitsu area of lens A0

Background Target
=3 $ /a ¢ ﬂ 71 p
> A M QT
R »
focal length f

Distance R

% le »le )l
I e >
igure 1.2. Geometrical Relationship Between the Target and Detector

In the system, the angle of the target i57zD02/4R2 .Dy Is the pupil diameter e of the
optical system. After the atmospheric attenuation of R path and attenuation of the optical
system, the radiation flux received by the detector is:

, = 4 Diapea (Aro(AW, )

Where,
z,(4)-atmosphere spectrum transmission ratio of R path

7,(4)-atmosphere spectrum transmission ratio of optical system
Set the target temperature isT;, emission rate is &, background temperature is Tg,
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emission rate is &g, and the difference of spectral radiant flux between the target and the
background on the detector:

Mg, =22 e, (e (AeM (T )= 2oM, (T, )]
(1.10)

When the difference between T, and Ty is not big, differentiation can be used to
replace difference, so the upper formula can be written as:

D? oM T,
Ag, ~dg, =Toaﬂra(ﬂ)fo(ﬂ“{58 8—:— =AT +A‘(’M4(TB)}

(1.12)
Where,
AT -Temperature difference between target and background x) ¢
Ag -Emission rate difference between target and background

(3) NETD expression

Assumptions: Target and background are bold, & = -1 The rough the
atmosphere between the target and the system is negligikle, that |s%
constant r, when the system is in the working b

Thus, the formula (1.11) can be simplified to: @ ,xx)

DZ oM
Ag, = 0 ofity 8T/l AT

The working band of the system |s@de up @ 5 and the image SNR through

1. 75(2

(1.12)

Figure 1.9:

2
SNR = 7 Dot : 8Mﬂ(TB)ol/l (1.13)
Vi 4(Ag K

The upper formula is 'g@e condi

unit or parallel scan. If serial scan is included,

the SNR can be IK by Jn; ties. n, is the number of serial scan. When the
thermal imaging ;@ uses detector, its theoretical performance is:
. AD;
2 "8 D} =— (1<2,)
p
Q) D; =0 (2> 4,)

c2/AT

Where '§
-Thesﬂ_r avelength determined by the detector material

For m and long wave infrared radiation, e >>1, the variation rate of the

p adlatlon to the temperature is approximately:
% M, L G
o aT?
By substitution of the above two formulas into (1.13), obtained by NETD definition
equation:

NETD =

4F2 /A, c,
V% \/_\/_TODA /1TB

Where, F- Number F of the optical system

-1
A(TB)M} (114
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2. Design of NETD Test System of Infrared Thermal Imager Based on
Digital Image Processing

2.1 Overall Scheme Design

In this paper, the system is constructed by a Newton type reflecting parallel light tube,
with the off-axis parabolic reflector as the main body, which provides infinity infrared
observation target for infrared thermal imager being tested. The target is composed of the
infrared reticle located at the focus of off-axis parabolic reflector and the high precision
temperature blackbody at the back of the reticle. The image of infinity infrared target is
displayed on its own screen through the infrared thermal imager. If it has a video signal
output port, the video signal is analyzed and processed by the computer through Weo
capture card, to obtain the NETD parameters. If there is no video signal outpu t,CCD
will shoot the screen of infrared thermal imager. The camera's videosi can be
processed to obtain the relevant performance parameters.‘%he.structur % system is

shown in Figure 2.1. \
i @ h:r‘mal im erw
/ ~

~ _\Q'Y[%g;i p

. /
Target whe@ Qy Data processing system
and tar i
The amplification figure of target disk
*
| heel
O % target disk
*
Target surface with high radiation rate

Fig@.l. The Status of the Instrument Testing NETD

Off-axis parabolic reflector

Infrared’%@imator consists of a face bold, target, off-axis parabolic mirror, and lens
barrel wh@ an shelter from stray light and proof dust. The data processing system is
co of the computer, the corresponding board and special software. It is the
n‘%chine interactive medium for the completion of the test operation of the
parafrieters.

When the NETD parameter is tested in the instrument, the target used in the test should
be a round target with suitable spatial frequency. The target pattern of the infrared
collimator is received by the infrared thermal imager. Firstly, adjust the target temperature
difference, so that the brightness of output image is minimal. Record the size of the target
temperature difference and output signal at this time.

AT is changed so that the temperature difference can be changed from the negative
temperature gradually to positive temperature (relative to the target temperature), until the
brightness of the hole target becomes saturable. The instrument will record the surface
blackbody and the temperature of the target, and process calculation based on the video
image of the measured product output. NETD value according to the formula below.

NETD(°C) = RMS noise value(Volts)
System response rate (Volts/°C)
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2.2 Total Experimental Results and Accuracy Analysis

The differential temperature range of the surface blackbody is -10°C~50°C, the effective
radiating area >®30mm, the temperature resolution of 0.01 °C the temperature control
accuracy of +0.3°C, the temperature uniformity of 0.1°QAT<t5°C 2/3 of the central
region). According to functionality and accuracy required, the focal length of off-axis
parabolic mirrors f = 1500mm, diameter D = ®150mm, spectral range: 8 ~ 14pum. With
any frame image to measure NETD, the measured results are shown in Table 2.1.

Table 2.1. Test Value and Theoretical Value of NETDT (°C)

frame
project 1 frame 2 frame 3 frame 4 frame rame
test value 0.048 0.047 0.044 0.049 5045
theoretical value |  0.046 0.046 0.046 0.046{‘ Y 0.046
deviation 0.002 0.001 0.002 .\ |« 0.003 0.001

The main factor that determines the accuracy of-thexmasuremeént of NETD parameters
is the temperature control accuracy of the surfa : the second is the
interpretation accuracy of the digital image _int€rpretationN\sofwtare. The temperature
control accuracy of surface blackbody ca{ ?each 0.04. The error caused by the
interpretation software can be controll in 0.02. '& omprehensive test accuracy

can reach 0.03 °C &% %\\Q)

3. Conclusion 4'16
As the infrared thermal imager has thé @nages of fast response, wide measurement

range, and direct measure results; eceived special attention in the medical field.
NETD is the main pa r of th ared thermal imager. In this paper, the CCD
imaging techmque d to st the NETD test system of modern infrared thermal
imager. The cons y a Newton type reflecting parallel light tube, the
off-axis par <c Iector is bsed as the main body, which provides infinity infrared

observation t t for thermal imager being tested. CCD shoots the screen of
infrared thermal ima %d NETD value is obtained by CCD video signal. Experimental
results show that t m can measure the NETD value quickly and effectively, and the
test precision cap@h 0.03 °C.
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