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Abstract

TSI 440A Total  Sky Imager

A ground-based total sky imager can provide continuous 
monitoring of the sky hemisphere above a solar energy 
system. We present a method to forecast global horizontal 
irradiance using fractional sky cover and cloud motion vectors. 
Sky images taken every 30 seconds are processed to determine 
sky cover.  Cloud motion vectors are generated by cross-
correlating two consecutive sky images. Future cloud locations 
are then computed by applying the vector field to the frozen 
sky scene. 
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Map of UCSD showing sky imager coverage, 
weather stations, and PV arrays. The coverage 
area of the sky imager is a function of cloud 
base height. 
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The sky image is processed to obtain the ratio of the red and blue 
channels. Thresholds are then applied to the red blue ratio (RBR) image to 
determine sky cover.
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Figure 1  Cartoon showing how the shadow value at a ground point is computed. If the location in the 
cloud map where the sun vector intersects contains a cloud, then the ground location is considered 
shaded. The altitude of each pixel in the ground map is considered when computing the location of 
intersection. 
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Irradiance estimation result by using the cloud map. Green line shows on-site 
irradiance measurements. Blue line shows irradiance estimation by our method.

GHI Parameterization, October 4, 2009

Binary parameterization 
𝐺𝐻𝐼 = 𝑘𝑡 ∙ 𝐺𝐻𝐼𝑐𝑠𝑘  
without cloud: 𝑘𝑡 = 1 

with cloud: 𝑘𝑡 = 0.4 
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Using 2 images taken 30 sec apart, a region of pixels from (a) is correlated to (b) 
within a search distance. The location of the highest correlation is found and a 
motion vector is defined. 
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Cloud Forecast Error for 30 seconds ahead

Cloud speed, cloud fraction and error for 30 seconds ahead cloud forecast. 
Absolute error is defined as the ratio of number of mismatched pixels to 
number of available pixels. Relative error is the ratio of number of mismatched 
pixels after advection to number of mismatched pixels before advection.
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Cloud Forecasting

The forecast cloud cover is produced 
by advecting the cloud decision 
image (a) in the direction of the 
motion vector. To determine 
accuracy, the future image(b) is 
compared to the forecast (a) to 
determine the forecast error .  Blue 
and red colors in (c) shows the 
forecast errors ( blue: forecast 
cloudy and but actually clear; red: 
forecast clear but actually cloudy) 
and white marks accurate forecasts.

10:49:00(a)

10:49:30(b)

(c) Error

to =10:48:00

1
0

:5
0

:0
0

1
0

:5
1

:0
0

1
0

:5
2

:0
0

t 
= 

1
0

:4
9

:0
0

1
0

:5
3

:0
0

1
0

:5
4

:0
0

1
0

:5
5

:0
0

C
lo

u
d

 d
e

ci
si

o
n

 im
ag

e
 a

t 
ti

m
e

 t

Fo
re

cast e
rro

r m
ap

 b
ase

d
 o

n
 im

age
 at t

o


