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Outline

The Royal Greenwich Observatory (RGO) archive of solar 
photographic observations contains about 26000 plates obtained 
during the period of time from 1918 to 1972. This is a valuable 
series of solar data which can be used for analysing the influence 
of solar activity on Earth’s climate. The archive was digitised by 
Mullard Space Science Laboratory and converted into a series of 
FITS-format images with the resolution that corresponds to the 
sun's image radius having approximately 1600 16-bit pixel. 



Special numerical algorithms have been developed for processing 
these images at the Kislovodsk Mountain Solar Station of Pulkovo 
Observatory (Russia).  Our software includes also the manual 
screening tool for approving or rejecting the automatically localised 
sunspots. It is needed for removing photographic artefacts and 
marks (see Fig.1). We have localised about 140 thousand individual 
sunspots. The calculated areas of these sunspots were compared 
with the results of manual measurements of the same regions 
(www.ngdc.edu). The correlation between the automatic and manual 
results is quite high (R~0.93). 

Fig.1. An sample from 
the digitised RGO 
archive showing 
artefacts and manual 
marks (Cape Town, 20th 
of January, 1920) 

http://www.ngdc.edu/


2. Data preparation
The preliminary processing stage of each photographic plate includes 
the identification of the edge of the solar disc and the overlaying of 
the heliographic coordinate grid that would correspond to the 
observation date and time. 

Fig.2. Sunspots identified on the 
heliogram dated 13.03.1918; 
they are compared with the 
sunspot group coordinates 
(shown as white circles) taken 
from
http://solarscience.msfc.nasa.go
v/greenwch.

http://solarscience.msfc.nasa.gov/greenwch
http://solarscience.msfc.nasa.gov/greenwch


3. Calculation of the sunspot parameters.

The second part of image processing consists of building  a sequence of calibrated 
images. For our calibration we assumed that the center-to-limb variation of the quiet 
Sun (i.e., the variation calculated for the areas of the Sun without bright floccules) 
corresponds to a standard curve.  The intensity local level of the quiet Sun (LQSL)  is 
used for the elimination of non-uniformities across the solar disk, for image calibration 
and for searching elements of solar activity (active elements). For this purpose, we 
segmented the solar disc and searched for the maxima of the distribution pixel 
numbers for different intensities. This distribution corresponds to the level of quiet 
sun IQS(θ,φ).

Fig.3. An example of the 
automatic sunspot detection 
using the image dated 
13.03.1918. The green 
contours indicate the outer 
limits of the detected 
sunspots, the pink flags  
correspond to the darker 
cores. The yellow circle 
indicates the  coordinates of 
the sunspot group measured 
manually (taken from the 
database).



4 Comparison of the automatic spot identification algorithm with 
manual measurements for the period of time from 1918 to 1972.

So far, the information about long-term solar activity was obtained by 
mainly using manual sunspot identification and also manual measurement 
of their parameters. It is difficult to verify the manual solar activity indices 
due to the lack of information about the geometry of the identified 
elements and not well-known procedures applied for these 
measurements. The use of automatic methods allows us keeping both 
quantitative and also vector information of the identified elements of solar 
activity. This also gives us an  opportunity to determine some extra 
parameters related to these elements. 

Fig.4. Comparison of the 
manually-measured sunspot 
areas (NGDC) with those 
obtained by using two 
different contrast thresholds 
(10% and 15%). 



Fig.6.  Comparison of sunspot areas obtained by using the automatic 
identification procedure and the sunspot areas measured manually. To avoid 
overlapping, the plot for the manual data is shifted by a constant value of  
1000 μhm.

The comparison of the automatic sunspot identification procedure with 
the results of manual measurements taken from  
http://solarscience.msfc.nasa.gov/greenwch
In this case, the correlation coefficient between two data is  R=0,93. 

http://solarscience.msfc.nasa.gov/greenwch


Different types of stored information.

1) Quantitative characteristics of the individual spots.

2)  Vector of selected areas. These data can be used to convert, transfer to 
another image, to verify the data.



Fig.5. Upper panel: Monthly averages of the sunspot numbers calculated by 
using the automatic detection procedure; Lower panel: the monthly average 
sunspot area in 10-6 of the solar hemisphere area  (μhm).

We have found the following relationship between  the number of  sunspot  and their 
area:   S= -90(±18)+118(±1)·N, with the correlation coefficient being  R=0,94.  

Some characteristics of the data



The total number of sunspots

The total number of spots can be 
used to check the sunspot index



The relative number of large sunspot is linearly related to the 
amplitude of the cycle.

Individual sunspots S>700 µhm

Sunspot groups S>1000 µhm

http://solarscience.msfc.nasa.gov/
greenwch

Perhaps this is due to the 
lifetime of large sunspots

http://solarscience.msfc.nasa.gov/greenwch
http://solarscience.msfc.nasa.gov/greenwch


Conclusions

We have presented our preliminary results of applying an automatic algorithm of 
sunspot identification to the historical series of photographic solar observation made 
by the Royal Greenwich Observatory. These results show good agreement with the 
manual measurements.
As a result of this work, a data base will be created containing large amount of 
information about individual sunspots, groups and their parameters. 

We believe that these data as well as  other image files (CaIIK  from 1907, H-
alpha  from 1915 ….) must be available.

Questions
1)A large amount of image data (RGO ~1 TBt). 
2)Should be able to recalculation the parameters to search for new indices 
such as fractal or change heliographic grid.
3) In what format we can provide this database: We believe that this should be 
the vector data format that can easily convert and edit.



Sunspot groups S<20 µhm

http://solarscience.msfc.nasa.gov/
greenwch

Individual sunspots S<20 µhm

The relative fraction of small sunspots varies from cycle to cycle

http://solarscience.msfc.nasa.gov/greenwch
http://solarscience.msfc.nasa.gov/greenwch
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