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1. Abstract- Despite selecting a solar observatory site for observation of the sun with 
ground-based telescope, it is important to measure accurate seeing parameter for 

daytime observation. Seeing parameter at night has been recently measured in Iran. In 

this paper we present a method to measure daytime seeing parameter (with observation 

of the solar limb) in the observatory of University of Zanjan. We describe the 

instruments, location and data reduction in detail. Our results show that the seeing 

parameter has an average value of 2.5 arcsec in all observation and its typical 

values range from 1.6 to 5.6 arcsec. We strongly recommend conducting the observation 

in better conditions to obtain better results. 
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1. Introduction 

Turbulent flow in our atmosphere cause random 

temporal and spatial fluctuation and consequent 

change in refraction index. Therefore, it causes 

fluctuation in optical path. This effect is generally 

called "seeing". It essentially limits the angular 

resolution of telescope and subsequently affect the 

quality of astronomical image. The Fried parameter 

is conveniently used for calculating the seeing 

parameter. This can be measured by image motion 

in the small telescope [1]. 

Since long ago the instability effect of the atmosphere has been considered by the 

astronomers. The development in telescopes and astronomical instruments lead to 

improvements in methods of measuring the astronomical seeing parameter. Recently the 

visual methods (e.g. photography and photometry) have been widely used to record the 

image motion in the focal plane which is a measure of "seeing". The first step is to use 

image trace of stars on the negative [2]. Schlesinger was the first men who measured in 

1913 the seeing parameter of star at night using the image motion of star. In 1961 Fried 

formulated the root mean square of image motion of star, Hufnagel & Stanley represented 

the relationship between the above-mentioned method using those approaches together with 

the image motion of telescope [3]. The problem was that it was difficult to determine 

the vibration effect of telescope under the effect of wind blowing. To solve this Stock 

& Keller minimized the vibration effect of telescope and environment using a setup which 

included two similar telescopes, the distance of which was roughly several times more 

than the aperture diameter [2]. This method is called DIMM (Differential Image Motion 

Monitor) which was developed by Sarazin & Roddire. The presence of two sub-aperture 

within the aperture of telescope compensate for the effect of telescope vibration and 

tracking error. The DIMM technique is now the main part of developed instrument of VLT 

site [4]. 

In this method the light passes through two smalls 

apertures (Hartman Mask) which are separated by a wedge located behind one of them. Two 

well-separated images form as a result of this setup. While the telescope vibration has 

the same effect on both of the images, turbulence has different effect on each image. 

The variance of the image motion canbe used to measure the fried parameter. Here, forthe 

first time we estimate the day-time seeingparameter by the aid of DIMM. Due to our limit 

oninstrument we perform it by using a single aperture. 

An advantage of this method is to apply small 

portable telescope and using small and cheap 

CCDs. The equipment specifications are listed in Table 1. 

Table 1: The components and instrumental 

parameter 

Telescope Model 

Mount 

Aperture 

F number 

Celestron SCT 5inch 

Equatorial 

127mm 

𝑓/10 

Mask 

Aperture diameter 

Number of apertures 

 

10 mm 

1 



1st International Conference on Optoelectronics, Applied Optics and Microelectronics (OAM). Namin, Ardabil, Iran. 

 

Solar filter 

Model 

 

Thousand Oaks Solar 

Filter 

CCD camera 

Model 

Exposure time 

 

Meade Deep Sky Imager 

0.001 s 

 

1. Location 

The observatory of the University of Zanjan is located 5km from Zanjan which is in 

longitude 47 .47   west and latitude 37 .8  north. Zanjan has a semi-dry ultracold climate 

located at 1659 meters above the sea surface. The average annual raining, temperature, 

humidity are 25mm, 10.9

 C and %54, respectively. The average minimum temperature in 

the coldest month is -5.5
C and the average maximum temperature reaches 32.1 C.  

2. The processing 

Regarding the observatory of University of Zanjan as our selection to collect the data 

to estimate the day-time seeing parameter (through the observation the limb of sun), we 

chose the best days in which we could collect the data. With respect to the effect of 

the line of sight we selected the time interval between 12:00 - 14:00 UT, to get the 

data, to have the same line of sight. This duration has the maximum turbulence during the 

whole day.  

The turbulence during the day is different from that of the night, this is because of 

the boundary layer which is thicker during the day (∼ 1 km).One of the most important 

issues to study the seeing parameter is exposure time which must be short enough to 

freeze the motion of atmosphere (less than ∼ 0.01s) [6].The collected data at the 

specific exposure time was 

saved as images with the "TIF" format “Fig. 1”,. Our exposure time for collecting data 

from limb of sun is 0.001 second. The duration of data collection in each step was 4 

minutes, this is because of Taylor's Theory which states that the structure of atmosphere 

is fixed [2]. Turbulence causes image displacement in focal plane, to calculate image 

displacement we need to have the position of each edge. Edge detection techniques are 

widely used for image processing. There are many methods for edge detection, but each 

one is suitable for a different application. The experiment results showed that Prewitt 

edge detection technique was better than other methods [5]. We use Prewitt algorithm to 

obtain the edge of the image. The distance between the outer point of 

the successive edge of each image was calculated “Fig. 2”, Determining the position of 

each edge, the amount 

of displacement of each edge from the previous one then can be calculated. As shown in 

“Fig. 3”, The image motion has a specific trend due to the tracking error of telescope 

that is not due to atmospheric turbulence which can be removed by subtracting a weighted 

fit from the whole data. We use the variance of the whole image displacement of image 

series to compute Fried parameter for the horizontal displacement of image [4]. 

0 6.88 /  seeing r      (1) 
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Figure 1. The image of the solar limb 

 

Figure 2. The localized edge of the solar limb using the Prewitt algorithm 

 

Figure 3. Up: displacement of the solar edge versus pixel (blue dots) and fitted curve 

(red 
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Figure 4. Displacement of the solar edge after subtraction of the fitting from all of 

data 

3. Results and discussion 

We calculated the fried parameter in the observatory of University of Zanjan from May 

to August. Our observation has been made in specific time 

intervals of 12:00-14:00 UT during a whole day. The 

histogram of Fried parameter of a single representative day has been shown in “Fig. 5”, 

The measured Fried parameter, “Fig. 6”, and the median Fried parameter of each day in 

the whole duration of data collection is plotted in “Fig. 7”, The histogram of Fried 

parameter during our observation As shown in “Fig. 8”, the average Fried parameter value 

is 3.9 cm. The minimum and maximum Fried parameter measured from all observation occured 

at 24 June (median=1.8 cm) and 7 August (6 cm), respectively. Unfortunately, there are 

no meteorological statistics to show the effect and relation between atmospheric 

parameters and seeing parameter. According to relation (1) and using the following 

relation we can calculate the uncertainty of measuring the fried parameter. 

0 0 6 / 5 / | /(| |1 5 / |)r D D r          (2) 

For the values D = 10 mm, δD= 1 mm,
112.37 10   rad,

126.78 10   rad and r0 = 5.5 cm 

we obtain 1 mm for the uncertainly of measuring the Fried parameter. In this paper we 

summarized the measured Fried parameter of our observation during the time interval of 

12:00-14:00 UT of each day from May to August in observatory of Zanjan university (table 

2). 

 

Figure 5. Histogram of the fried parameter during a specific time interval of a single 

representative day 
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Figure 6. Distribution of the fried parameter during all the days of collecting the 

data 

 

Figure 7. The bar of the median fried parameter all the days of collecting the data 

 

Figure 8.  Histogram of fried parameter all the days of collecting the data 

Table 2: Fried parameter and Seeing 

Date 

Fried 

parameter 

(cm) 

Seeing 

arcsec 

date 

Fried 

parameter 

(cm) 

Seeing 

arcsec 

21 

May 

2.2 4.5 

8 

July 

2.4 4.2 

30 

May 

3.5 2.5 

15 

July 

3.3 3.0 
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31 

May 

5.0 2.0 

19 

July 

2.6 3.8 

7 

June 

3.8 2.8 

23 

July 

4.4 2.2 

12 

June 

3.4 2.9 

26 

July 

4.6 2.1 

24 

June 

1.8 5.6 

2 

August 

5.2 1.9 

28 

June 

4.4 2.2 

7 

August 

6.0 1.6 
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