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Design and Implementation of Radio Sensor Receiver for Measuring
the Position of the Sun
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Abstract

In this paper, we propose a radio sensor to measure the position of the sun for the solar tracker of a photovoltaic
system. In order to satisfy the requirement for the measurement accuracy within +5°, the sensor receiver with high
gain, high sensitivity and wide bandwidth is designed and implemented. The receiver has the bandwidth of 104 MHz,
the system gain of 69 dB and the sensitivity of 0.46 K at 5.1 GHz. The processes of design and implementation of
the radio sensor receiver are described in this paper. The effectiveness of the proposed radio sensor in the measurement
of the position of the sun is demonstrated experimentally under the condition of cloud cover. The results show the
radio sensor can measure the position of the sun within the accuracy of +4° successfully.

Key words : Radio Sensor, Measurement of the Position of the Sun, Solar Tracker of a Photovoltaic System, Solar

Radio Emission, High Sensitivity Receiver
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Fig. 1. Measurement of radiation power using micro-
wave radiometer.
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Fig. 2. Measurement of solar radio emission using radio
sensor.
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Table 1. Development goals of the radio sensor.
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Table 2. System design specifications.
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Fig. 3. System block diagram.
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Table 3. The budget analysis of system gain and
noise figure.
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Stage Function
Gain(dB) NF(dB)
1 LNA 13 1.3
2 Loss -0.5 0.5
3 RF AMP 17 2
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§ RF BPF -7 7
6 Loss -1 1
7 Passive mixer -8 8
8 Loss -1 1
9 [F AMP 29 1.6
10 Loss -1 1
11 IF AMP 29 1.6
12 Loss -1 1
13 IF BPF -2 2
16 Total 65.5 1.81
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Table 4. The budget analysis of system gain and

noise figure by using measurement result of

each parts.
. 24 4%
Stage Function -
Gain(dB) NF(dB)

1 LNA 13 1.6
2 Loss —-0.5 0.5

3 RF AMP 17.69 25
4 Loss -1 1

5 RF BPF -6 6
6 Loss -1 1

7 Passive mixer -8 8

8 Loss -1 1
9 IF AMP 29.5 2
10 Loss -1 1
11 IF AMP 29.5 2
12 Loss -1 1
13 IF BPF -1.1 1.2
16 Total 69.09 1.96

n - 5 -
Loss: A% 3 A &4 §& L3 #iA

a8 4 A=d 47 Bg
Fig. 4. Photograph of the fabricated receiver module.
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Fig. 5. Dynamic range and system gain.
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Table 5. The measurement results of system perfor-

mance.
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Fig. 6. Schematic representation that the power recei-
ved by an antenna is equivalent to the noise
power delivered by a matched resistor.
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Table 6. Calibration equation of the radio sensor.
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Table 7. Standard deviation and sensitivity.
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Table 8. The measurement results of the radie sensor.
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Fig. 11. Radiation pattern for the standard pyramid
horn antenna.
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Fig. 13. The output voltage variation of sensor for the
rotary antenna.
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Fig. 14. Error analysis of angle to measuring the po-
sition of the sun.
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Table 9. Error range for measuring the position of the

sun.
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