Short-term Solar Irradiance Prediction from Sky Images with a Clear Sky Model
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1. Implementation Details

Tab. 1 summarises the the training setup and parameters
in our transformer-based network. Following [3], we lever-
age auxiliary information, such as air temperature, relative
humidity, wind speed, air pressure, azimuth angle, zenith
angle and solar irradiance from a clear sky model [2] in our
nowecasting network. Different from [3], we include the date
d and minute m for each image which benefit the results.

Our transformer-based nowcasting network takes as in-
put an image and the auxiliary data which are of size
(224x224x3) and (9 1), respectively. We extract the fea-
ture representation f € R4 for each image from the now-
casting network. The structure of our transformer encoder
module follows [1]. For the residual prediction module, we
show the feature dimensions from different layers in Fig. 1.
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Figure 1. Structure of our residual prediction module.

Both our nowcasting and forecasting networks are
trained using the SGD optimizer with a momentum of 0.9.
We use a learning rate of 0.001 with a warmup for the first
500 steps and a cosine decay starting at the 501 step. The
network is trained for 50000 steps in total.

’ Parameter Value ‘
Sky image I 224 x 224 x 3
Aucxiliary data a 9x1
Feature representation f 64 x 1
Estimated solar irradiance e 1x1
Historical embedding h 512 x 1
Initial prediction p 24 x 1
Final forecast s 24 x1
Transformer layers L 12
Extra/Patch embedding x,, 768 x 1
Encoder input dimension D 768
Encoder input number (nowcasting) 197
Encoder input number (forecasting) 7
Number of attention heads i 12
Dimension in attention blocks d, 64
Transformer dropout rate 0.1
Dimension in residual blocks 512

Table 1. Size of features and parameters in our network.

2. Additional Visualizations

In Fig. 2 and Fig. 3, we show more nowcasting and
forecasting results on TSI880 and ASI16 datasets, respec-
tively. Compared with the results of [3], our method
better matches the ground truth on the nowcasting task
and achieves superior performance on the forecasting task.
In Fig. 4, we visualize more attention maps output by
our transformer-based nowcasting network on TSI880 and
ASI16 datasets, which further demonstrate our transformer-
based nowcasting network can find the most relevant pixels
when estimating the solar irradiance from sky images.
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Figure 2. Sampled nowcasting results of solar irradiance on TSI880 2015 dataset (first two rows), TSI880 2016 dataset (middle two rows),
ASI16 2020 dataset (last two rows) by Siddiqui’s model [3] and our model.



Date: 2015-02-02

Date: 2015-02-22

Date: 2015-03-01

1000 —— Ground truth 1000 —— Ground truth 1000 —— Ground truth
----- Observation -++++ Observation «+=++ Observation
o 800 —-— Siddiqui's model o 800 —-— Siddiqui's model o 800 —-— Siddiqui's model
g ===+ Our model 2 ===+ Our model 2 ===+ Our model
& & ]
E 600 g 600 '@ 600
= = =
£ 400 £ 400 £ 400
[=] [=] o
w w 2l
200 200 200
007 N N N N N N N Q N N 0 O .0 0 o000 o0 o0 o0 L0 0 N N N N N N
A @ @ 0% O P P WO G GO 10 RS ISR TR B AN E T R SR IR o ®° Ao° ® A0 A6® °
Time Time Time
Date: 2015-04-28 Date: 2015-05-30 Date: 2015-11-27
1400 —— Ground truth 1400 —— Ground truth 1000 —— Ground truth
1200 . qbsgrv?tlon 1200 . qbse.rv;?tlon . Qbse.rvi?tlon
° —— Siddiqui's model ° —— Siddiqui's model » 800 —— Siddiqui's model
£ 1000 + Our model £ 1000 + Our model 2 ===+ Our model
] ] ]
B 800 B 800 T 600
= £ £
5 600 5 600 £ 400
[=] [=] [=]
9 400 9 400 a )
200 AENN
200 200
0 0 S
N N o o N o N o N N o o o o O o O o o0 o0 O O O .0
©F @ o o WP (P e ®F ®% 0T P e @ S @ @ 0 @ 0 B WP (6O
Time Time Time
Date: 2016-01-19 Date: 2016-03-02 Date: 2016-03-18
1000 —— Ground truth 1200 —— Ground truth 1000 —— Ground truth
. Observation + Observation + Observation
P, 1000 P, P,
o 800 Siddiqui's model ° Siddiqui's model o 800 Siddiqui's model
2 =+ Our model 2 - Our model 2 === Our model
8 B S 800 S
B 600 - DAY B g 600
= < 600 =
pu o o
% 400 % % 400
A @ 400 A
200 200 200
U0 O ® P o ® ® O 0 o © o o N o R N o o © o ©
B R e O S RPN SRC RN PN £ N o »® S 46° @ o @ o »® NS (6 80
Time Time Time
Date: 2016-06-10 Date: 2016-08-04 Date: 2016-12-22
1400 —— Ground truth 1200 —— Ground truth 1000 —— Ground truth
Observation + Observation + Observation
1200 DServa 1000 PServa oserva
° —— Siddiqui's model ° —— Siddiqui's model o 800 —— Siddiqui's model
21000 ===+ Our model e - Our model 2 ===+ Our model
8 & 800 8
o o =]
800 600
£ £ 600 £
5 600 5 5 400
3 S 400 o
9 400 o »
200 200 200
8 0 ”‘
& O o ® ® O O O ® KN NS SV LR SR 8 ENCTSUR SR ISP MU\ PR S LR SR
NS\ A RPN DY SN DN RN “R AP o© NREN AL AN PR -8 QT QT AT AT AT AT AN 45T 6T
Time Time Time
Date: 2020-04-12 Date: 2020-05-08 Date: 2020-09-10
1000 —— Ground truth 1400 —— Ground truth 1000 —— Ground truth
----- Observation +++++ Observation «++++ Observation
o 800 —-— Siddiqui's model ° —-— Siddiqui's model o 800 —-— Siddiqui's model
2 ===+ Our model 2 --=- Our model 2 ===+ Our model
° ° °
E 600 E '@
< o o
£ 400 o Kl
o o o
w w v
200
0
N N N N N N N o N N N N N N N N N N N N N
®% @Y 0% g W @° ®Y @ 0% P @ @® P SN P SN S SN
Time Time Time
Date: 2020-10-25 Date: 2020-11-08 Date: 2020-11-23
1000 = Ground truth 1000 = Ground truth 1000 —— Ground truth
----- Observation +=+=+ Observation +=+=+ Observation
o 800 —— Siddiqui's model o 800 —-— Siddiqui's model o 800 —-— Siddiqui's model
e ===+ Our model 2 === Our model 2 === Our model
8 8 8
E 600 E 600 E 600
£ E £
5 o o
: 400 % 400 '_O“ 400
w w 2]
200 200 200
8§ 0 O . ©. O OO ®. .0 ®. O 00 0 o o o ® o i® i L ® P O P90 ® o ® P O P ® P
QO 400 0 O° 08 OV 408 40 509 (QY QP O° .0 O O O O O QY O O QO ;O O O O O O O -0 O N N N
QO Q1T QT 2T AT AT AT AT AT AT 4G A VT QBT QT AOT AT AL AT AT ST 4G A SV QT QT AT AT LT AT AN 4G A

Time

Time

Time

Figure 3. Sampled forecasting results for the next 4 hours on TSI880 2015 dataset (first two rows), TSI880 2016 dataset (middle two rows),
ASI16 2020 dataset (last two rows) by Siddiqui’s model [3] and our method. The four dots shown on each forecasting curve represent the

predicted value exactly at +1h, +2h, +3h, +4h.



Figure 4. Visualization of sky images as well as their corresponding attention maps by our transformer-based nowcasting network on
TSI880 2015 dataset (first two rows), TSI880 2016 dataset (middle two rows), ASI16 2020 dataset (last two rows)
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