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Standard Dataset for Machine Detection of Small-scale
Swirls in the Solar Photosphere

XIE Quan  LIU Jiajia
(School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026)

(National Key Laboratory for Deep Space Exploration, Hefei 230026)

Abstract Small-scale photospheric swirls in the photospheric quiet region are widely believed to form
as a natural consequence to granular flows, and they may play a key role in transporting energy to the
solar upper atmosphere. However, there are significant limitations and biases associated with the manu-
al detection of these small-scale swirls, which may lead to an underestimation of their total number. The
Swedish 1-meter Solar Telescope (SST) and Solar Optical Telescope (SOT) onboard Hinode spacecraft
provide high-resolution and high-quality observations of the solar photosphere, offering sufficient data
support for the study of small-scale swirls. The machine recognition of small-scale solar vortices and the
extraction algorithm of key parameters has been improved, and the corresponding tool was formed. This
dataset includes observations from the SOT telescope of a quiet region in the photosphere in 2007, with
a pixel scale of 39.2 km and a cadence of approximately 6.4 s, as well as observations from the SST tele-
scope of a quiet region in the photosphere in 2012, with a pixel scale of 43.6 km and a cadence of 8.25 s.
This dataset plays an important role in research on the distribution of photospheric swirls in different so-

lar regions and at different phrases of the solar cycle, as well as their formation mechanisms.

Key words Solar photosphere, Small-scale swirls, Machine detection, SST, SOT

Dataset profile

Title Standard Dataset for Machine Detection of Small-scale Swirls in the Solar

Photosphere
Data Corresponding Author LIU Jiajia (jiajialiu@ustc.edu.cn)
Data Authors XIE Quan, LIU Jiajia
Time Range 5 March 2007 to 21 June 2012
SOT is a space-based instrument onboard the Hinode spacecraft; while SST is a
Geographical Scope ground-based instrument located at the Roque de los Muchachos Observatory, La
Palma, Canary Islands, Spain (28.45°N, 17.52°W)
Spatial Resolution Twice of the pixel sizes: 78.4 km (SOT), 87.2 km (SST)
Data Volume 18.0 GByte
Data Format *.sav, ¥*npz, *.png, *.txt

DOI: https://doi.org/10.12176/01.01.00115-V01

Database/Dataset URL CSTR: https://cstr.cn/14804.11.01.01.00115-V01

Foundation Item National Key R&D Program of China (2022YFF0711402)

The dataset contains a total of 11628 data files, including:

The SOT folder, which contains 1514 frames of SOT photospheric
horizontal velocity fields in 2007 and the corresponding machine-detected swirl
Dataset Composition information, with a total data volume of 12.4 GByte;

The SST folder, which contains 424 frames of SST photospheric horizontal
velocity fields in 2012 and the corresponding machine-detected swirl information,
with a total data volume of 5.6 GByte
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Yt Jrids, FH 400 195 i 342 2 PRV 22 [ 1) Jey i 3
g, B 2 N TR B B vp U A s o8 K B B)
X, JEEOKRKLH LM IR S G BRI, 7E
ARMFTE I, K RE— TR L — Mt R 2 UL 5 Hh
A FLCT pR#, B AIA3 2 iiflh 5 0 K - . il
i FLCT R T SOT H1 SST A YGERJZ M B,
X BEAGSAT SOT Al SST 4k — Wi WL 4L 37 A 7K SF- 3
[£35, HLh npz # R BT IRAT.

2 HEkEAIL

B FEAAFE A . — 3k SOT, T
2007 4E 3 A 5 H 05:48:03— 08:29:52 UT M Ay 4t
1515 WOEIEKREEG S, FIH FLCT {55 1Y 1514 il
G (5 B ASDA 1RSI Y A — Wit v i A5 8

vX:

[[ 6.19986409 0.20243834 0.20450588 ...

-0.00440233]

Chin. J. Space Sci. =AFFFIR 2025, 45(6)

P —F4 K SST, F 2012 4F 6 F 21 H 08:07:24—
09:05:37 UT XL Ay 3 425 Wil 1% £cdls, #1H FLCT
FAR 424 Wi B (5 B DL U IR A5 ..
I BAEA RS, T LA SOT A4 PGB X6 Ry A A
PHOE3R JZ 7K S 338 S i U A 8 A G I 8508 SO
1], A2 AH N A B SRR

CERJZ KT 5 3 LA BT R A i A 8 S AT
FE R) — A~ SC A e i, S0 44 S T 20070305 _
054803, LAWLIN i [A] 47 A 44 . B> SO f 5% 5 4>
SC, A3 gammanpz (I, 1M SEER); ve-
locity.npz (HEFE R, WA 3); vortex.npz (IZMWiiR
SEN B P I A5 B, ; vortex.png (UL AY AL E LA
K I B 7 0 oA, DL 4); vortex.txt (1%
MR T A W 15 B, WL 5).

0.00753825 0.00066451

[ 6.20774335 0.21032828 0.21234152 ... 0.00715274 0.00079835

-0.00391474])

[ 6.21371399 0.21632156 0.21828313 ... 0.00729694 0.0014425

-0.00293129]

[-6.00373525 -0.00580371 -0.60831595 ... 0.02728235 0.03083314

0.03393783]
[-06.00212926 -0.00392453 -0.00612387 ... 0.03325001 0.03745328
0.04108519]
[-0.00078284 -0.00232766 -0.00423896 ... 0.03868933 0.04354243
0.04770685]]
vy:
[[-6.60931004 -0.00327742 0.00297351 ... 0.62821185 0.63581511
0.04444794]
[-0.00307831 0.00305044 0.0093526 ... 0.02453416 0.03213137
0.04071557)
[ 0.00430689 0.01040128 0.01661062 ... 0.02032698 0.02786565
0.03632516)
[-6.02286694 -0.02150593 -0.62001211 ... -6.618602189 -0.02001777
-0.02192071]
[-6.02057853 -0.01947452 -0.01825734 ... -0.01910665 -6.02080792
-0.02236525]
[-6.01870385 -0.01781156 -0.01682303 ... -0.01992108 -0.02143233
-0.02276837]]
t:

b'2007-063-05T05:48:03.555"

K3 Rdn s B SR

Fig. 3

Example of a velocity field file dataset product
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Kl 4 HatR i o & o AR, BGOSR ORBH H AL 2,=5.3", ye=4.1". &7 X
PR H X3 2 =[-22.7", 33.3"], y =[-9.9", 15.1"]
Fig. 4 Example showing the distribution of vortex positions. The image center is located at (z,=5.3", y.=4.1") on

the solar disk, and the field of view covers the region z =[-22.7", 33.3"], y =[-9.9", 15.1"]

Swirl detecton results using ASDA (https://github.com/PyDL/ASDA)
The following describe some key parameters of all swirls detected in the given velocity field

Explanation of parameters:

no: event number

xc: horizontal location of swirl center, in units of pixel

yc: vertical location of swirl center, in units of pixel

re: effective radius of swirl, in units of pixel

vex: horizontal velocity of swirl center

vcy: vertical velocity of swirl center

vr: rotating velocity of swirl, positive for counterclockwise rotation
ve: expanding/shrinking speed of swirl, positive for expansion

o XC yc re vex vey vr ve

0 70.0 180.0 8.00 0.00 -0.01 -0.18 0.02

1 87.0 430.0 479 0.00 -0.01 -0.06 0.02
2 1270 22.0 10.40 -0.00 -0.01 -0.15 -0.00
3 2010 184.0 6.89 0.00 -0.00 -0.06 -0.02
4 2980 377.0 8.88 -0.00 -0.01 -0.10 0.01
5

6

7

8

9

=

589.0 141.0 8.00 0.00 0.00 -0.07 0.01
652.0 364.0 9.77 -0.01 0.00 -0.17 -0.01
802.0 236.0 4.98 -0.00 -0.00 -0.05 0.01
827.0 345.0 8.96 -0.00 0.00 -0.10 0.02
887.0 266.0 6.70 -0.00 -0.01 -0.14 -0.00
10  948.0 32.0 7.80 -0.00 0.00 -0.11 -0.06
11 1005.0 69.0 8.88 0.00 0.01 -0.09 0.07
12 19.0 243.0 7.63 0.00 0.01 0.1 0.00
13 21.0 135.0 5.73 -0.00 -0.01 0.05 -0.00
14 83.0 149.0 8.76 0.01 -0.01 0.15 -0.03
15 93.0 236.0 6.38 0.01 -0.01 0.07 -0.00
16 197.0 140.0 6.10 -0.00 -0.00 0.07 -0.01
17 317.0 372.0 6.23 -0.01 0.02 0.10 -0.03
18 348.0 398.0 6.51 0.00 -0.00 0.12 0.03
19 4210 455.0 6.79 0.00 0.00 0.08 0.00
20 4720 476.0 6.10 0.00 -0.00 0.05 -0.02
21 7100 435.0 10.67 0.00 0.00 0.10 -0.01
22 7230 213.0 5.47 0.00 -0.00 0.1 -0.03
23 953.0 303.0 6.65 -0.00 -0.00 0.03 0.01
24 10120 217.0 6.77 -0.00 0.00 0.08 0.01

Bl 5 Bt (s SO R

Fig. 5 Example of a vortex information file from the dataset
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WA 75 2 E PR L aIART ) HE R T A G5
I, IZ A P I B o A, rT .
T B A T G M A S R | Xie 0 fi
N T A 1A AL 25 M s ) B 37 5080 1 T ASDAA,
I ASDA 75 M K iR B0. 455K, 780 I
WL ECE AR R KR, ASDA MRS 5 80 Bl
SIHEREE (> 85%), W R B E TR bR, [FET ASDA A
FUEHE b U A 188 A5 B A S AR A Hh i TR A
SR, RINZEIEE T BRI s B IE T E Y. BRI
T AEE AR A R LG LI B | A R
BAH LA S AH I PR3 30 3 £ 8BS 1 T A A 5

vx: [[ 0.19986409 0.20774335 0.21371399 ...

-0.00078284]

Chin. J. Space Sci. =AFFFIR 2025, 45(6)

FEE IR BIbRE, Al E R ] LUS BB AT B 2SR

4 sk

ABAEAE PT LT R BH /N RUEE i it i) R3] LA B2 AH
RIS, AHSCEEE T LA H] Python 155 BEHL.

FEH velocity.npz 3CHA AT L3R4S A —mitu i) ] 44
HOEERIZ K EE Y 0 A, T e T CRRZ B Y
AL LSO KL A5 Sy 2 o B EE Y o 5 0] o3 o
v, Fl y I7 8504 v, BB 52 pixel-frame ', i FH AN
DANE

import numpy as np

file _path = "velocity.npz"

data = np.load(file_path)

print('vx:', data['vx'])

print('vy:', data['vy'])

print('time:', data['t"])

-0.00373525 -0.00212926

[ 0.20243834 0.21032828 0.21632156 ... -0.00580371 -0.00392453
-0.00232766]

[ 0.20450588 0.21234152 0.21828313 ... -0.00831595 -0.00612387
-0.00423896]

[ 0.00753825 0.00715274 0.00729694 ... 0.02728235 0.03325001

0.03868933]

[ 0.00066451 0.00079835 0.0014425 0.03083314 0.03745328
0.04354243]
[-0.00440233 -0.00391474 -0.00293129 ... 0.03393783 0.04108519

0.04770685]]

vy: [[-0.00931004 -0.00307831 0.00430689 ... -0.02286694 -0.02057853
-0.01870385]
[-0.00327742 0.00305044 0.01040128 ... -0.02150593 -0.01947452
-0.01781156]
[ 0.00297351 0.0093526 0.01661062 ... -0.02001211 -0.01825734
-0.01682303]
[ 0.02821185 0.02453416 0.02032698 ... -0.01802189 -0.01910665
-0.01992108]
[ 0.03581511 0.03213137 0.02786565 ... -0.02001777 -0.02080792
-0.02143233]
[ 0.04444794 0.04071557 0.03632516 ... -0.02192071 -0.02236525

-0.02276837]]
time: 2007-03-05T05:48:03.555

El 6 B EE T S velocity npz FEA

Fig. 6

Example of the dataset velocity field file velocity.npz
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center:
¢ 70,
( 802,
83,
( 710,
re:
7.9987684.78730710.4031426.8868128.884866
4.9827878.9562326.6993807.7972558.884866
8.7585786.3830766.1026436.2316786.506552
10.6749685.4700216.6516976.770275

ve:

180) (87,
236) ( 827,
149)( 93,
435)( 723,

430) ( 127,
345)( 887,
236)( 197,
213)( 953,

266)( 948,

303) (1012, 217)
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22)( 201, 184)( 298, 377)
32) (1005,
140) ( 317, 372)( 348, 398)

69)

(0.000732,-0.014713) (0.003454,-0.007529) (-0.001747,-0.011864) (0.000685,-0.004008) (-0.003153,-0.008576)
(-8.002752,-0.001413) (-0.003218,0.000663) (-0.003109,-0.010290) (-0.001243,0.001137) (0.001892,0.007052)
(0.007378,-0.005971) (0.010708,-0.010894) (-0.000202,-0.001953) (-0.007679,0.023015) (0.001859, -0.002574)
(0.000196,0.001095) (0.004251,-0.002581) (-0.001982,-0.000077) (-0.003127,0.000747)

vr:
-0.183057-0.056950-0.153090-0.059606-0.097705
-0.054472-0.098049-0.140221-0.111283-0.094957
0.1491260.0719640.0658190.1026750.123322
0.0991020.1110820.0346640.080665

ve:
0.0221990.015164-0.000980-0.0155470.007229
0.0103860.023122-0.002132-0.0632090.073848
-0.027417-0.004615-0.005870-0.0251700.026189
-0.009465-0.0348820.0066970.010524

Kl 7
Fig. 7

REay sz can (&l 6 s 13 — i g v, 5 o, 5 B2
X T A5 A UL s ]

vortex.npz M vortex.txt SCAHRHE T A—itEk
JZE LIRS v 8 10 U 53 A1 52 LA B L A o e £
T X L I R AT A G I ST AT, 7T LAAS 2
JEERIZ AN DX 068 it AR 501, 9 n S B A A L =S
I3 45 2% LI ZE A ] X R A AT B T
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import numpy as np

file path = " vortex.npz"

data = np.load(file path)

print('center:', data['center'])

print('re:', data['radius'])
print('ve:', data['vc])
(

print('vr', data['vr'])

Bl A i s B S vortex.npz R4

Example of the dataset vortex information file vortex.npz

print('ve', data['ve'])
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