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Abstract

We report measurements of the mean position angle and separation distance for WDS
1415340308, WDS 18031-0811, WDS 18540+3723, WDS 20182+2912,20210+4437, and
WDS 2155+1053 binary star systems. The orbital plots and the elements for many of these
systems were published in the Washington Double Star Sixth Orbital catalog about two
decades ago. In this work, we have attempted to check whether there has been any change
in the orbit since it was last published. We found some minor changes in the published
orbit for some systems, while others needed significant changes.

1. Introduction

The position angle and the separation distance characterize the apparent orbit of a binary star system. The
Sixth Catalog of Orbits of Visual Binary Stars maintained by the United States Naval Observatory 2023
(Washington 2023) contains information on the separation angles and distances, along with the orbital
elements and the plot, from measurements carried over many decades. As new measurements become
available, it is important to refine the orbital plots and the elements for predicting future positions
(ephemerides) of known binary stars.

This work studies the binary star systems, WDS 14153+0308, WDS 18031- 0811, WDS 18540+3723, WDS
20182+2912,20210+4437, and WDS 2155+1053. The orbital elements and the plots for these systems were
optimized several years ago using the then-available data. Since then, there have been several new
measurements, and it is important to include these measurements in the orbit optimization to obtain refined
orbital elements. Table 1 shows the systems studied in this work and the reference for the last optimization
that was carried out. Also, shown in the table is the orbit grade defined by the Washington Double Star
catalog. Grades range from 1 to 5 with 1 for the best-defined orbits. It is observed that some systems were
last optimized as late as 1996 (Heintz, 1996) and some as recent as 2019 (Izmailov, 2019).

Table 1. References for the last optimization of the orbit for the systems studied

System Discoverer Number | References Grade
WDS 14153+0308 | STF 1819 AB Scardia et al, 2012 2
WDS 18031-0811 | STF 2262 AB Soderhjelm, 1999 3
WDS 18540+3723 | BU 137 AB Izmailov, 2019 4
WDS 20182+2912 | A 1205 Mason et al, 2006 5
WDS 20210+4437 | A 725 Hartkopf, 2009 4
WDS 21555+1053 | BU 75 AB Heintz, 1996 2
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Table 2 shows the orbital elements of the true orbit published in the WDS catalog of Orbits and those
obtained from the last optimization.

Table 2. Orbital elements of the true orbit published in the WDS Sixth Catalog of Orbits

System P a e i Q T, 0
WDS 14153+0308 223.5 1.119 0.200 146.8 3.0 2008.1 181.1
WDS 18031-0811 257 1.4 0.77 52 60 1829 42
WDS 18540+3723 | 1135.7351 | 3.61436 | 0.77425 | 76.953 | 177.051 | 2080.5960 | 69.393
WDS 20182+2912 493.2 1.942 0.913 98.1 285.72 1970.78 74.0
WDS 20210+4437 166.85 0.715 0.494 65.7 226.4 1959.85 341.4
WDS 21555+1053 158.5 0.755 0.61 62 30.2 1968.6 193.5

P (yrs.) — Orbital period of true orbit
a (arcsec) - Semi-major axis of true orbit

e - Eccentricity
i (deg) - Inclination

Q (deg) — Longitude of acc. Node
T, (years) - Time at Periastron
o (deg) - Longitude of Periastron

In this work, we have attempted to check whether there has been any change in the orbit since it was last
published. Table 3 shows the details of the systems studied. The table shows the constellation in which the
binary stars are located, their distance from Earth, their orbital period, the magnitude of their primary and
secondary stars, and their WDS-provided spectral type (SIMBAD).

Table 3. Specifications of the binary stars studied in this work are taken from SIMBAD. The distance in

the table is from Stelle Doppie.

System Constellation | Distance | Period | Magnitude | Magnitude Spectral
(Parsec) (yr) (Primary) | (Secondary) Class

WDS 14153+0308 | Virgo 40.57 223.5 7.73 7.92 F8V
WDS 18031-0811 | Ophiuchus 51.33 257 5.27 5.86 F4IV+F5V
WDS 1854043723 | Lyra 107.31 | 1135.73 8.69 9.02 GSIII-IV
WDS 2018242912 | Vulpecula 34.72 493.2 9.17 10.08 MO
WDS 20210+4437 | Cygnus 47.57 166.85 9.46 10.23 KO
WDS 21555+1053 | Pegasus 47.78 158.5 8.40 8.56 G5
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2. Equipment and Methods

The data was collected using the Boyce Research Initiative and Education Foundation’s (BRIEF) 17” Plane
Wave CDK BARON telescope at Sierra Remote Observatory in California and a QHY 600 CMOS camera
with a 2x Powermate compound lens for imaging. This configuration yields a resolution of approximately
0.13 arcseconds per pixel. The BARON telescope system is fully automated and can effectively measure
binary stars with separation as low as 0.8 arcsec using speckle interferometry. The NINA (Night Imaging
‘N’ Astronomy) control software was used with the Speckle Interferometry plugin written by Nick Hardy.
The BARON NINA script took a full frame 30-second exposure (4,599 x 4,599 pixels) of the field of view
centered on the target to ensure correct pointing and to measure the plate scale and camera rotation angle
using Plate Solve 3.80 by Dave Rowe. The speckle images were taken with a 512 x 512 field called the
Region of Interest (ROI) centered on the target at an exposure suitable for the target’s magnitude. The 30-
second exposure followed by speckle images was repeated for a nearby “reference star” to apply in the
speckle interferometry data reduction. The NINA plugin managed this entire process including the selection
of the reference star from the Smithsonian Astrophysical Observatory Star Catalog (Smithsonian).

The science images were processed using the speckle interferometry technique. This technique is known to
be effective for studying very close binary stars where the diffraction criteria of the telescope and
atmospheric distortions (seeing) impose a strict limit on the resolution. This technique consists of taking a
series of very short exposure (on the order of 10 — 100 ms) images that eliminate atmospheric smearing in
telescope images and then processing these images mathematically via a complex bispectrum analysis to
produce a final image where the optical distortions are removed, and the stars completely resolved.

A speckle reduction software (Speckle Toolbox) developed by Dave Rowe (Harshaw et al, 2017) was used
for this process. The process began with all 500 images being compiled into FITS cubes which results in a
single file that is smaller in size and faster to process during speckle reduction. The smaller file was then
processed using the bi-spectrum phase analysis algorithm in the latest version (10.03) of the speckle toolbox
with the calibration parameters previously obtained to extract the position angle (€) and the separation
distance (p).

Figure 1 shows an example of the bi-spectrum analysis for the binary system WDS 18540+3723. The star
at the bottom (with a red circle around it) is the primary star and the one at the top (with a green circle
around it) is the secondary star.
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Figure 1: Screenshot of the data reduction on WDS 20210+4437
The measurements were carried out for three nights (June 21, 2024 (2024.474); June 23, 2024 (2024.479);
and June 25, 2024 (2024.485)). Five hundred images (science images) with an exposure time of 0.04 s and
0.06s were collected for various binary systems using the Sloan r filter. Each image was collected in two
imaging runs (cycles) on the same night.
The data was analyzed using the speckle reduction technique as described above. To minimize the effect of
sky conditions and other related factors and the inherent biases in the analysis process from person to
person, the reduction results from various nights and different people were averaged for each system.
3. Data

The data collected from all systems studied are shown in Table 4.

Table 4. Data collected for all six systems

WDS 14153+0308
Reference Star: HD 122699 Discoverer: STF 1819 AB
Date Epoch | Observatory | Exposure | Filter | Images | Number Star (S)
(msec) per of cycles | /Reference (R)
cycle
06/21/24 | 2024.474 BARON 40 Sloan r 500 2 S
06/21/24 | 2024.474 BARON 40 Sloan r 300 2 R
06/23/24 | 2024.479 BARON 40 Sloan r 500 1 S
06/23/24 | 2024.479 BARON 40 Sloan r 300 1 R
06/25/24 | 2024.485 BARON 40 Sloan r 500 1 S
06/25/24 | 2024.485 BARON 40 Sloan r 300 1 R
WDS 18031-0811
Reference Star: HD 167244 Discoverer: STF 2262 AB
Date Epoch | Observatory | Exposure | Filter | Images | Number Star (S)
(msec) per of cycles | /Reference (R)
cycle
06/21/24 | 2024.474 BARON 40 Sloan r 500 2 S
06/21/24 | 2024.474 BARON 40 Sloan r 300 2 R
06/23/24 | 2024.479 BARON 40 Sloan r 500 2 S
06/23/24 | 2024.479 BARON 40 Sloan r 300 2 R
06/25/24 | 2024.485 BARON 40 Sloan r 500 2 S
06/25/24 | 2024.485 BARON 40 Sloan r 300 2 R
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WDS 18540+3723
Reference Star: HD 172613 Discoverer: BU 137 AB
Date Epoch | Observatory | Exposure | Filter | Images | Number Star (S)
(msec) per of cycles | /Reference (R)
cycle
06/21/24 | 2024.474 BARON 40 Sloan r 500 1 S
06/21/24 | 2024.474 BARON 40 Sloan r 300 1 R
06/23/24 | 2024.479 BARON 40 Sloan r 500 1 S
06/23/24 | 2024.479 BARON 40 Sloan r 300 1 R
WDS 20182+2912
Reference Star: HD 195594 Discoverer: A 1205
Date Epoch | Observatory | Exposure | Filter | Images | Number Star (S)
(msec) per of cycles | /Reference (R)
cycle
06/21/24 | 2024.474 BARON 40 Sloan r 500 1 S
06/21/24 | 2024.474 BARON 40 Sloan r 300 1 R
06/23/24 | 2024.479 BARON 40 Sloan r 500 1 S
06/23/24 | 2024.479 BARON 40 Sloan r 300 1 R
06/25/24 | 2024.485 BARON 40 Sloan r 500 1 S
06/25/24 | 2024.485 BARON 40 Sloan r 300 1 R
WDS 20210+4437
Reference Star: HD 194260 Discoverer: A 725
Date Epoch | Observatory | Exposure | Filter | Images | Number Star (S)
(msec) per of cycles | /Reference (R
cycle
06/21/24 | 2024.474 BARON 40 Sloan r 500 1 S
06/21/24 | 2024.474 BARON 40 Sloan r 300 1 R
06/23/24 | 2024.479 BARON 60 Sloan r 500 1 S
06/23/24 | 2024.479 BARON 60 Sloan r 300 1 R
06/25/24 | 2024.485 BARON 60 Sloan r 500 1 S
06/25/24 | 2024.485 BARON 60 Sloan r 300 1 R
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WDS 2155+1053
Reference Star: HD 210717 Discoverer: BU 75 AB

Date Epoch | Observatory | Exposure | Filter | Images | Number Star (S)
(msec) per of cycles | /Reference (R)
cycle

06/21/24 | 2024.474 BARON 40 Sloan r 500 2 S
06/21/24 | 2024.474 BARON 40 Sloan r 300 2 R
06/23/24 | 2024.479 BARON 40 Sloan r 500 1 S
06/23/24 | 2024.479 BARON 40 Sloan r 300 1 R
06/25/24 | 2024.485 BARON 40 Sloan r 500 1 S
06/25/24 | 2024.485 BARON 40 Sloan r 300 1 R

4. Results

The results of the data analysis are shown in Table 5. The mean position angle (), and separation distance
(p), are displayed for each of the six systems along with the standard error.

Table 5. Measured mean position angle (6) and separation distance (p) for various systems studied in this

work
WDS 14153+0308 STF 1819 AB
Epoch Measurement Theta () deg. | Rho (p) arcsec
2024.479 Mean 148.455 0.873
Standard Deviation 0.925 0.011
Standard Error of the Mean 0.327 0.004
WDS 18031-0811 STF 2262 AB
Epoch Measurement Theta (@) deg. Rho (p) arcsec
2024.479 Mean 292.136 1.406
Standard Deviation 0.804 0.019
Standard Error of the Mean 0.232 0.006
WDS 18540+3723 BU 137 AB
Epoch Measurement Theta (@) deg. Rho (p) arcsec
2024.479 Mean 166.5 1.599
Standard Deviation 0.026 0.005
Standard Error of the Mean 0.013 0.002
WDS 20182+2912 A 1205
Epoch Measurement Theta (€) deg. Rho (p) arcsec
2024.479 Mean 95.662 1.263
Standard Deviation 0.884 0.024
Standard Error of the Mean 0.361 0.01
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WDS 20210+4437 A 725

Epoch Measurement Theta (@) deg. Rho (p) arcsec
2024.479 Mean 28.920 0.930
Standard Deviation 0.514 0.007
Standard Error of the Mean 0.210 0.003

WDS 21555+1053 BU 75 AB

Epoch Measurement Theta (@) deg. Rho (p) arcsec
2024.479 Mean 28.288 1.136
Standard Deviation 0.361 0.019
Standard Error of the Mean 0.147 0.008

The results from this work were overlayed on the plot published by the WDS Sixth Orbital Catalog. Figure
2 shows this plot for each system. The results from the present work are represented by the red solid dot
and labeled as BARON2024. The solid ellipse in each plot is the orbit published decades ago as discussed
earlier and shown in Table 1. The data from other measurements (Washington, 2023) that have been carried
out since the last optimization are also shown in the plot. These are shown in the figure by symbols with
other colored labels.
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Figure 2: Apparent orbital plots (solid ellipses) with historical data from the Sixth Orbit
Catalog for the six systems. The red solid point (BARON2024) is the observation from the
present work. The dashed ellipses are the new apparent orbits discussed in section 5

5. Discussion

The dashed ellipse in each plot in Figure 2 is the proposed new orbit. The orbit was obtained by optimizing
all the data to date using the optimization program in the speckle toolbox 10.03 by Dave Rowe. The
optimization program works by finding local minima in the seven-dimensional space defined by the seven
orbital parameters using the gradient descent and randomization process. For the present work, the
optimization was performed by loading the Washington Double Star historical data with the present data
into the optimizing program in the Speckle Toolbox. The program was then run through various iterations
until an optimization determined by the minimum Weighted Root Mean Square Deviation (WRMSD) was
reached between the observation and the calculated orbit. To avoid bias toward the past data that were less
precise (such as the micrometer measurements), equal weights were assigned to all data. Some data that
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were a complete outlier was excluded from the optimization process. Figure 2 also includes data that were
not included in the last optimization carried out. These are shown by the colored labels in Figure 2. The
variance between the current ephemeris and those obtained from the present measurement is much smaller
for the Grade 2 target than the Grade 4 and Grade 5 targets. The Grade 2 measurements are therefore a
validation of the accuracy of our measurements. The new orbits for Grade 4 and Grade 5 targets are thus
indicative of the important deviation from the ephemeris predicted by the Sixth Orbital Catalog. An
example of optimization is shown in Figure 3.

004040 Ft Screen

Figure 3: Screenshot of the orbit optimization for WDS 20210+4437 system

The apparent orbit parameters a, b, h, k, and q for each system obtained from the optimization are shown
in Table 6.

Table 6. Apparent orbital parameter values for various systems

System a(") | b( h k q (deg)
WDS 14153+0308 | 1.102 | 0.897 | 0.207 | 0.048 7.1
WDS 18031-0811 1.25 | 0.62 -0.9 -0.19 77.4
WDS 18540+3723 | 2.212 | 0.837 | -1.169 | 0.65 53
WDS 20182+2912 | 0.971 | 0.255 | -0.55 0.17 -84.2
WDS 20210+4437 | 0.789 | 0.252 0.4 -0.035 | 43.0
WDS 21555+1053 | 0.753 | 0.28 0.45 0.04 31.9

a (") - Semi-major axis in arcseconds
b (") - Semi-minor axis in arcseconds
h - x offset for the primary star
k - y offset for the primary star
q (deg) - Angle of the major axis in degrees
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The apparent orbit is the projection of the true orbit onto a plane perpendicular to the observer's line of
sight. It is related to the true orbit via seven parameters known as orbital elements. The orbital elements for
the true orbit from the optimization are shown in Table 7.

Table 7. Orbital elements of the true orbit for the new apparent orbit (dashed ellipse) in Figure 2.

System P a e i Q T, )
WDS 14153+0308 22534 | 1.1010 | 0.1933 | 145.89 | 6.87 2002.879 | 172.85
WDS 18031-0811 279.52 | 1.5855 | 0.765 | 63.47 | 62.97 1833.51 53.98
WDS 18540+3723 1138.11 | 3.61 0.8087 | 76.57 | 186.51 | 2115.547 | 74.46
WDS 20182+2912 508.45 | 1.8606 | 0.9067 | 98.86 | 285.47 | 1970.746 | 72.88
WDS 20210+4437 189.51 | 0.7964 | 0.5259 | 68.23 | 225.11 | 1960.241 | 344.73
WDS 21555+1053 150.37 | 0.7597 | 0.5763 | 63.77 | 29.66 1969.252 | 193.92

The optimized apparent orbit parameters were used to plot the new orbit shown by the dashed ellipse in
Figure 2 using DESMOS (Genet et al, 2024). The results show that the systems WDS 14153+0308, WDS
18031-0811, and WDS 21555+1053 show some minor changes in their orbit, whereas the systems WDS
18540+3723, WDS 20182+2912, and WDS 20210+4437 show significant departure from those published
by the Sixth Orbital Catalog. Comparing Table 1 and Table 7 indicates that WDS 20210+4437 and WDS
1854043723 may be more eccentric. Continued observation of these systems will help improve the orbital
elements further for these systems.

6. Conclusions

We have studied several binary star systems to check whether there has been any change in the orbit since
it was last published in the Washington Double Star catalog. We found that minor changes in the published
orbit for some systems may be in order, while others needed significant changes. The improved orbital
elements will aid in predicting future positions (ephemerides) of known binary stars. The present analysis
did not apply any weight to the historical measurements during optimization, and all data was treated
equally. The Orbital Elements in Table 7 may be optimized further by adjusting the weights applied to the
historical measurements in future analyses. In particular, systems WDS 20210+4437, WDS 18540+3723,
and WDS 20182+2912 warrant further investigation for their ephemeris.
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