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Abstract: The microwave calibration target’s surface temperature is simulated using the computational fluid dynamics simula-

tion technologies, which overcomes the difficulties of traditional methods in measuring the small wedge of calibration targets at a

high precision. An evaluation method to calculate the calibration target’s equivalent output temperature is introduced and the ref-

erence depth value of embedding the temperature sensor is applied, which efficiently reduces the difference between the sensor’s

measurement value and the calibration target’s equivalent output temperature. The uncertainty of the calibration target’s bright-

ness temperature can be reduced within 0.5 K, which highly increases the measurement evaluation precision of the radiometer’s

calibration system.
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1 INTRODUCTION

The microwave radiometers have been used as one of the main
Earth observation and moon exploration instruments in our Feng-
yun series (FY-3), Haiyang series (HY-2) satellites and Shenzhou
series, Change series spaceboat. The calibration of the microwave
radiometer becomes one of the most important research in the mi-
crowave remote sensing domain (Nian, et al., 2008; Wang, et al.,
2009; Mo, 1996; Jiang, et al., 2008; Zhang, et al., 2008; Li, et al.,
1999; Zhai, 2005). By now the microwave radiation international
standard is still not being established (Randa, et al., 2006), research
on the microwave brightness standard and determination of the
evaluation method of the outputing microwave brightness turns into
a key issue.

Through the Project of Platform Construction on the FY-3 Me-
teorological Satellite Microwave Radiometer’s Prelaunch Thermal/
Vacuum Calibration, China have built the 10 GHz—200 GHz band
microwave radiometer’s calibration system, including the cold cali-
bration targets, hot calibration targets and temperature variational
calibration targets, standard antennas, the accurate temperature
measurement and control system, and the blackbody emissivity
measurement system to calibrate the microwave radiometer on or-
bit. Fig. 1 shows FY-3A thermal/vacuum calibration on microwave
radiometers. The main function of the calibration targets is to out-
put the standard microwave brightness 7, which makes microwave
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blackbody calibration targets with surface temperature 7(x, y, z)
to radiate the microwave brightness 7, with the emissivity e near
to 1. Therefore, the standard microwave radiation energy is pro-
jected onto the antenna to calibrate the radiometer. Fig. 2 shows
the black calibration target (Nian & Wang, 2009). Because the
calibration target’s emissivity measurement is relatively mature,
the key issue to determine the calibration target’s outputing micro-
wave brightness temperature 7 is focused on how to measure
the surface temperature 7(x, y, z).

By now, only National Institute Standards and Technology
(NIST) acquired the surface temperature distribution data by the
infrared imager (Cox, et al. , 2006). However, the resolution of the
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Fig. 2 The blackbody calibration target

present infrared imager is larger than 1 K, which can not be used to
evaluate the calibration target’s outputting brightness temperature
accurately. How to acquire the calibration target’s furface tempera-
ture distribution and how to research out an accurate brightness
temperature method become the key points.

Furthermore, because of small scale of the calibration target
wedge, for example, the wedge’s bottom edge and height of the
millimeter and calibration targets is about 10 mm and 50 mm, it is
very difficult to lay down several thermal resistors along the small
wedges to measure the surface temperature distribution. Thus it
is necessary to determine an appropriate position for inserting the
thermal resistors inside the blackbody wedges and keeping the
thermal resistor’s measurement value 7, and the equivalent tem-
perature 7, of the wedges’ surface temperature consistent with in-
crease the measurement precision of the calibration target’s surface
temperature.

2 THE ANALYSIS ON THE THERMODYNAMICS
CHARACTERISTICS OF THE CALIBRATION
TARGETS

Thermal transmission has three ways: thermal conduction,
thermal convection and thermal emission. The calibration targets
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have different thermal transmission ways for both ambient calibra-
tion and the vacuum calibration conditions. In the ambient calibra-
tion condition there exists all the three thermal transmission ways
while only the thermal conduction and thermal emission in the
vacuum calibration condition. The calibration target’s wedge will
show different surface temperature distribution in different calibra-
tion conditions.

There are contact and non contact methods to measure the ob-
ject’s surface temperature. The contact method realizes the temper-
ature measurement by contacting the sensor, for example, Pt ther-
mal resistor, sufficiently onto the object’s surface. However, if the
contact area is too small, the temperature measurement sensor will
affect the temperature distribution due to the thermal conduction,
which will lead to a serious measurement error. Because the calibra-
tion target’s surface is relatively small compared with the present tem-
perature measurement sensor, it is difficult to measure precisely. The
non contact method mainly measures the infrared energy radiating
from the object. This method is very suitable for measuring the cali-
bration target wedge’s surface temperature. However, the precision is
about several K to tens K mainly used in insdutry’s high temperature
measurement domain which, in other words, is not sufficiently accu-
rate to measure the calibration target on a milli K precision.

Applying the computational fluid dynamics (CFD) to calcu-
late the calibration target’s surface temperature is an efficiently
method(Lakhkar, et al., 2008; Tucker, 1997). Based on the CFD
method, the calibration target’s surface temperature is analyzed
with the wedge’s height to bottom edge ratioof 2 : 1,4 : 1,6 : 1,
respectively, at the ambient and vacuum environment (Jackon
& Gasiewski, 2000). The extreme condition of a wedge’s base
temperature, typically ranging from 80 K to 293 K environment
background, is considered to acquire the extreme distribution of the
calibration target’s surface temperature. Fig. 3 shows the simula-
tion results of the wedge’s surface temperature distribution for the
above conditions under ambient and vacuum environment. Table 1
shows the temperature of the wedge’s top and the difference of the
surface temperature (between the wedge’s bottom and the top).
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Fig.3 The calibration target’s surface temperature distribution with different ratio of wedge’s height to bottom edge
in the ambient and vacuum environment (base temperature 80 K radiating to 293 K environment background)
(a)H/W= 2 : 1 under ambient environment; (b)H/W=4 : 1 under ambient environment; (¢)H/W=6 : 1 under ambient environment; (d)H/W=2 : 1 under
thermal/vacpum, environment; (e)H/ =4 ;1 ljunder, thermal/yacuum environment; (AH/W76.: 1 under thermal/vacuum enyironment
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Table 1 The surface temperature difference for different

wedges in both ambient and thermal/vacuum environment

The ratio of wedge’s height to bottom

edge 2:1 4:1 6:1
The wedge s peak jtcmpcraturc under 33.85 937 128.12
ambient environment /K
The wedge’s tgmperat}xre difference un- 385 1237 4812
der ambient environment /K
The wedge’s peak temlperature under 8073 8236 3495
thermal/vacuum environment /K
The wedge’s temperature difference un- 0.73 236 495

der thermal/vacuum environment /K

Because the top of calibration target’s wedge can not be infinite
thin, it is not applicable to express the calibration target’s surface
temperature with temperature difference between the wedge’s
bottom and the top. Otherwise, adopting the calibration target’s
equivalent surface temperature 7, and determining the height of H,
along the wedge corresponding to 7, can determine the position to
embed the thermometric resistor to reduce measurement error. Fig. 4
shows the scanematic diagram of the 7;’s evaluation method.
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Ty the thermal resistor
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Fig.4 The diagram of the surface temperature distribution
and the equivalent surface temperature evaluation method

3 THE EVALUATION METHOD FOR CALIBRATION
TARGET’S EQUIVALENT OUTPUT BRIGHTNESS
TEMPERATURE

The basic method to determine the calibration target’s equiva-
lent surface temperature can be followed by below procedures.
Firstly, the surface temperature of the calibration target is discreted
evenly. Secondly, the temperature in each of the discreted part is
produced with the area of the corresponding discreted unit and
then makes a summation of all the products. Finally, the calibration
target’s equivalent surface temperature 7 is obtained by dividing
the summation by the overall surface area of the calibration targets.
The calculation method is shown in Fig. 5. The calculation formula is

T, = éHT(x,y,z)ds
s

:11(17)2 x HZ::T; ~{Tc(nr)2 —Tc[(n—l)r]z}

1 N
=ﬁ2ﬁ'(2"—1) 1)

n=1

where T

The equivalent temperature of the calibration target’s
wedge.S——The surface area of the calibra-tion target’s wedge.
T(x, y, z)
target’s wedge. N——The discreted number of the surface tempera-

The surface temperature distribution of calibration

ture on the calibration target. r- The projection width from the
discreted surface to the bottom of the calibration target.
With Eq. (1) and based on the discretion method in Fig. 4, the

equivalent output temperature is calculated as shown in Table 2.

Temperature/K
328.426
328.623
328.820
329.016
329.213
329.410
329.607
329.803
330.000

(b)

(©

Fig.5 The diagram of the equivalent surface temperature calculation
method of the calibration target’s wedges
(a)The surface temperature distribution on the calibration target; (b)Side
view of a wedge’s surface temperature distribution; (c)Top view
of a wedge’s surface temperature distribution

Table 2 The equivalent temperature for different calibration

target’s wedges under ambient and thermal/vacuum environment

The ratio of wedge’s height to bottom edge 2:1 4:1 6:1

The wedge’s equivalent surface temperature

under ambient environment /K 81.21 83.89 9315

The wedge’s equivalent surface temperature

under thermal/vacuum environment /K 80.23 80.74 81.56

The position of the equivalent temperature on the calibration tar-
get’s wedge under ambient and thermal/vacuum environments can
be determined by the comparision with the temperature difference
between the wedge’s bottom temperature 7 and peak temperature
T, as Eq. (2).

— T, E T, B
f T, P -, B

where H, can be adopted as the control position to embed the ther-

xH,, @

mal resistor for measuring the calibration target’s surface equiva-
lent temperature. With the calibration target been applied the ratio
of H/W=4 : 1, the H, of the base temperature with 80 K and 330 K
radiating to 293 K background under ambient and thermal/vacuum
environments are calculated as shown in Table 3.
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Table 3 The position of the calibration target’s surface equiva-
lent temperature at the ratio of H/W=4 : 1

Position of surface equivalent

HIW=4 : 1 Base—background
temperature
80 K—293 K 37.7 mm
Ambient environment
330 K—293 K 37.8 mm
Thermal/vacuum en- 80 K—293 K 37.6 mm
vironment 330 K293 K 37.3 mm

From Table 3, the average position of the surface equivalent
temperature is 37.6 mm, which can be used as the central position
to embed the thermal resistor in both ambient and thermal/vacuum
environments. Based on the above calculation, the uncertainty
to measure the calibration target’s surface temperature is mainly
caused by the temperature measurement system. The uncertainty
AT from the error of the position to embed the thermal resistor is
less than 0.1 K. For a calibration target with emissivity e=0.995,
the measurement uncertainty Ae is 0.001. The maxium uncertainty
for the calibration target’s outputing brightness temperature when
Ty equals to 330 K can be calculated as Eq. (3).

AT, = AT, xe+T.Ae
=0.1x0.9995+330x0.001
=042 3)
With the uncertainty of the calibration target output brightness
temperature is less than 0.5 K, the measurement accuracy has been
improved greatly.

4 CONCLUSION AND DISCUSSION

(1)Adopting the CFD simulation to analysis the calibration
target’s surface temperature is the most efficient method by now.
However, this method needs to be certified by the thermal/vacuum
experiment, which a comparision between the CFD simulation with
the measurement result for the different positions from the wedge’s
bottom to peak at 0, 1/4, 1/2 will be carried out to certify the cor-
rection of the simulated results.

(2)The CFD analysis shows that the surface temperature for dif-
ferent wedge’s heights varies greatly, especially in the ambient en-
vironment with air convection. Therefore, the optimization design
for the calibration target must consider the thermal characteristics
apart from the electromagnetics. However, most of the former de-
signs only emphasize the electromagnetics and neglect the thermal
design.

(3)Due to the limited space, in many cases that only one thermal
resistor can be embed inside one calibration target’s wedge. So the
thermal resistor’s embeded position is very important to guarantee
the measurement accuracy of the the calibration target’s equiva-
lent outputting temperature. Based on the analysis results of two
ultimate conditions that 80 K and 330 K radiating to ambient and
thermal/vacuum environment, our results show that the 1/4 position
upper from the bottom of the calibration target’s wedges is the most
suitable measurement position for detecting the calibration target’s
equivalent temperature. Thus using this position to embed the ther-
mal resistor is recommended.

(4)Combined with the present emissivity measurement accuracy
level of calibration target and based on the above analysis results,

a more higher accuracy level of the brightness temperature’s un-
certainty less than 0.5 K will be relized in the nearly future. This
would keep us with the advanced level by the next step of thermal/
vacuum calibration experiments and proper embeding the thermal
resistor’s position inside the calibration target’s wedge.
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