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Micro-Infrared Thermopile Detector Space Applications Based on FPGA

LIU Qi, GAI Fanggin, YE Youshi, LIU Bo, SHI Lei
(Beijing Institute of Control Engineering, Beijing 100190, China)

Abstract: Infrared earth sensors are an important attitude measurement component of satellite control
subsystems. They provide the information about the satellite’s attitude relative to the pitch and roll direc-
tion of the earth radiation disk. The infrared detector is the key part of such a sensor. In this paper, we dis-
cuss research on micro-infrared thermopile detectors for space applications. Infrared thermopile technolo-
gy and the technical index of the detector are introduced. The ring effect, temperature compensation, re-
sponse compensation, nonuniformity correction, and blind element processing of the detector are studied.
The scheme design and field programmable gate array (FPGA) design of an infrared earth sensor image
processing system are described. Test results show that system’s attitude measurement deviation is less
than 0.2°. Thus, FPGA-based micro-infrared thermopile detectors based on FPGA can be used for attitude
measurement in low earth orbit satellites. Offering miniaturization, low power consumption, and low cost,
this technology has the potential to replace traditional mechanical scanning infrared earth sensors and has

broad application prospects.
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Table 1 Basic parameters of HTPA80x64d infrared detector

Order Parameter
Value
Number Name
1 Focal plane array 80x64
2 Focal length 10.0mm
3 Lens coating 7.7um=0.3 um
4 Field of view 41°%33°
5 Absorber size 44 um
6 Technology n-poly/p-poly Si
7 Sensitivity approx. 450 V/W
Thermal pixel time
8 <4ms
constant
9 Max. Frame rate 200Hz
AD samplin
10 Ping 16 bit
accuracy
Communication
11 ) SPI
interface
Operatin
12 P g -20°C-65C
temperature
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Fig.4 Detector output response curve
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Fig.5 Detector continuous output response
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Fig.7 Principle block diagram of image processing system
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