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Abstract: Aiming at the phased temperature measurement of the rocker test system equipment in the aerospace
field and meeting the needs of various analog signal outputs, a multi-channel temperature acquisition system
based on an FPGA as the core processing system is designed. The high-precision 16-bit analog-to-digital
converter AD7616 and PT1000 platinum thermal resistance are used to construct a multi-channel temperature
measurement network. The high-precision conditioning and temperature compensation of the sensor signal are
realized by integrating a low-noise instrumentation amplifier and an adaptive filtering circuit. In addition,
through the design of a data transmission protocol based on a UDP logic module and the on-demand control
of Ethernet data transmission mode, the balance between the real-time transmission of multi-channel tem-

perature data and the overall communication network load is achieved. To address the nonlinear characteristics
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of the sensor, the sliding mean filtering and Newton-Raphson method are used to optimize the temperature

measurement data, which can effectively suppress the temperature drift caused by environmental noise, reduce

the nonlinear error of the system, and improve the response speed and transmission efficiency of the multi-

channel temperature measurement system. The experimental results show that the relative error of the

temperature measured by the multi-channel temperature acquisition system is within 0. 016 % in the range of

—40 C to +180 ‘C. The temperature measurement system runs smoothly and stably in the overall verification

test process, and has strong robustness in the industrial environment. Therefore, the temperature acquisition

system can be used in multi-channel temperature detection application scenarios in aerospace and other fields

with high precision and fast response.
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Fig. 10 Physical diagram of multi-channel temperature

acquisition system device
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Tab.2 Ethernet communication protocol frame format
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Tab.3 Ethernet communication performance test
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Fig. 11 Ethernet communication performance test under

different automatic reporting modes
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Fig. 12 Moving average filter
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Tab.4 Comparison of two algorithms for processing temperature values collected from channel 1

LA RSP il
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SRR/ C AXREERZE/C AR IR ZE/ SRR/ C AEXNREERE/CC RXHELE IR E/ Vo
—40 —38.33 1.68 4.20 —39.992 0.008 0.0200
—20 —19.31 0.69 3.45 —19.999 0.001 0.0050
1 1.038 0.038 3.80 1.000 8 0.000 8 0.0800
20 17.84 2.16 10.80 19.999 4 0.000 6 0.0030
40 37.18 2.82 7.05 39.998 6 0.001 4 0.003 5
60 56.52 3.48 5.80 59.998 2 0.0018 0.0030
80 75.68 4.32 5.40 79.997 6 0.002 4 0.0030
100 94.55 5.45 5.45 99.996 5 0.003 5 0.003 5
120 113.22 6.78 5.65 119.994 0.006 0.0050
140 131.68 8.32 5.94 139.992 0.008 0.005 7
160 149.92 10.08 6.30 159.988 0.012 0.007 5
180 172.98 7.02 3.90 179.984 0.016 0.008 9
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Tab.5 Comparison of two algorithms for processing temperature values collected from different channel at 20 ‘C

- LS LIS S T137S
. SR EEE/C AR RZE/C MXTRERZE/ % SR/ C ARRREERZE/C XN EE IR 2E/ Y
1 17.88 2.12 10.60 19.999 5 0.000 5 0.002 5
3 17.90 2.10 10.50 19.999 2 0.000 8 0.004 0
5 17.81 2.19 10.95 19.999 7 0.000 3 0.001 5
7 17.84 2.16 10.80 19.999 4 0.000 6 0.003 0
9 17.77 2.23 11.15 19.999 1 0.000 9 0.004 5
11 18.01 1.99 9.95 19.999 8 0.000 2 0.001 0
13 18.11 1.89 9.45 19.999 3 0.000 7 0.003 5
15 17.95 2.05 10.25 19.999 6 0.000 4 0.002 0
17 17.98 2.02 10.10 19.999 9 0.000 1 0.005 0
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