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Abstract

For photovoltaic power generation prediction, it is necessary to calculate a cloud shadow vector

before the arrival of a cloud shadow. The cloud shadow vector is calculated based on the difference of

timing for the signal intensity changes of solar radiation sensors arranged on the ground. In this study,

signal intensity changes and cloud shadow shapes are measured using some solar radiation sensors and

a camera, and the change patterns of the sensor signals are analyzed. The determination value of the

sensor signal for the shadow-in and shadow-out of a cloud is proposed based on the change pattern of

the signals. The change patterns of sensor signals were categorized into three types. The calculation

accuracy of the cloud shadow vector improved by using the 5-min moving-average value of measured

solar radiation intensity as the determination value for the shadow-in and shadow-out of a cloud

compared with the theoretical solar radiation intensity.
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Fig. 1 (a) Calculation principle of cloud-shadow vector

and (b) four-sensor-type system.

Fig. 2 (a) Cross-section schematic diagram and (b) top-
view photograph of cloud-shadow sensor.
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Fig. 3 Position of cloud-shadow sensors and sky camera
for cloud shadow observation.
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Fig. 4 Output of cloud-shadow sensors during the day and three patterns of sensor outputs, cloud, and cloud shadow. (a)
Output of cloud-shadow sensors on August 20, 2019. (b) Sensor output patterns on the shadow-in of a cloud. (c)
Photograph of cloud taken with the sky camera at b-1, b-2, and b-3. (d) Relationship of sensor output patterns and cloud-

shadow density.
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Fig. 5 Output of cloud-shadow sensors during the day and three patterns of sensor outputs, cloud, and cloud shadow. (a)
Output of cloud-shadow sensors on August 19, 2019. (b) Sensor output patterns on the shadow-out of a cloud. (c)
Photograph of cloud taken with the sky camera at b-1, b-2, and b-3. (d) Relationship of sensor output patterns and cloud-

shadow density.
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Table 1 Appearance number of sensor output patterns in
Fig. 4(b) and 5(b).

Pattern A | Pattern B | Pattern C
Shadow-In 47 61 40
Shadow-Out 25 74 49
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Fig. 6 Determination level of shadow-in based on
theoretical solar irradiation intensity for B-2 output
pattern of cloud-shadow sensors.

Table 2 Calculation number of cloud-shadow vectors at
the shadow-in with different determination level based on
theoretical solar irradiation intensity, and number of
matches with actual cloud motion.

— Calculation number of | Number of
Determination level (%)
cloud-shadow vectors | matches

95 61 3

90 61 12

85 61 24

80 61 30

75 61 39

70 61 28

65 61 16

60 61 7
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Fig. 7 Determination level of shadow-in based on 5-min
moving-average intensity of sensor outputs for B-2 output
pattern of cloud-shadow sensors.

Table 3 Calculation number of cloud-shadow vectors at
the shadow-in with different determination level based on
5-min moving-average intensity, and number of matches
with actual cloud motion.

Determination level (%) Calculation number of | Number of
cloud-shadow vectors | matches
95 61 39
90 61 56
85 61 41
80 61 27
75 61 17
70 61 12
65 61 5
60 61 2
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Table 4 Calculation number of cloud-shadow vectors at
the shadow-out with different determination level based
on theoretical solar irradiation intensity, and number of
matches with actual cloud motion.

Determination | Calculation number of | Number of
level (%) cloud-shadow vectors | matches
95 74 6
90 74 15
85 74 36
80 74 45
75 74 24
70 74 14
65 74 8
60 74 2

Table 5 Calculation number of cloud-shadow vectors at
the shadow-out with different determination level based
on 5-min moving-average intensity at the shadow-in, and
number of matches with actual cloud motion.

Determination | Calculation number of | Number of
level (%) cloud-shadow vectors | matches
95 74 46
90 74 66
85 74 48
80 74 29
75 74 16
70 74 9
65 74 5
60 74 0
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