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• Introduction

 Obtaining Data for the Orbit Determination Methods

 Doppler Based Orbit Determination

• Method

 Doppler Shift

 Generating Artificial Data

 Optimization

 Differential Correction

• Results for Artificial and Real Data
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Optic Based
-Optic observations
-Lidar (Light Detection and Ranging)

Radio Based
-Doppler
-Radar (Radio Detection and Ranging)

NROL-76 Visible Pass of a Spy Satellite
http://langbroek.org/

Kiwi Space Radar, New Zeland
https://www.leolabs.space/
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How to Get Data for Orbit Determination?
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 SeeSat-L
 TruSat

How to Get Data for Orbit Determination?
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Optic Based
-Optic observations
-Lidar (Light Detection and Ranging)

Radio Based
-Doppler
-Radar (Radio Detection and Ranging)
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#510 – UTAA Astro TEST

Antennas
 UHF-VHF Cross Yagi
 UHF Yagi
 VHF Yagi
 VHF Turnstile
 L-band



https://directory.eoportal.org/web/eoportal/
satellite-missions/content/-/article/transit

Guier, W.H. ve Weiffenbach, G.C. (1958)

https://soundcloud.com/nasa/sputnik-beep
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Guier, McClure and Weiffenbach

Gavaghan, H., Something New Under the Sun: Satellites
and the Beginning of the Space Age, Copernicus (1998)

OSCW20

Doppler Based Orbit Determination
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The Effect of Maximum Elevation Angle to Doppler Shift
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Doppler Shift
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Propagate TLE

Generate
Doppler Data

Artificial Data

Obtain Doppler
Data

Observation

Real Data

Define 
Contraints/Boundaries

Genetic Optimization
(Particle Swarm)

Gradient Optimization
(Interior Point)

Optimization

Differential
Correction

Improve
Accuracy

Accurate Orbit
?

Path of the Study
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Generating Artificial Data
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TLE
Two Body Propagator

• To simplify calculations

• To reduce computation time

ሶ𝜌(𝑡) = Ԧ𝑣 ∙
Ԧ𝜌

𝜌



• 𝑖𝑝𝑟𝑜𝑔𝑟𝑎𝑑𝑒 = 0°, 90° , 𝑖𝑟𝑒𝑡𝑟𝑜𝑝𝑔𝑟𝑎𝑑𝑒 = 90°, 180°

• Ω,𝜔, 𝜃 = 0°, 360°

Doppler Based Orbit Determination with OptimizationOSCW20

Boundaries and Constraints
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 Circular Orbit

𝑎𝑚𝑖𝑛 = 6500 km
𝑎𝑚𝑎𝑥 = 8500 km
𝑒 = 0

 Elliptic Orbit

𝑎𝑚𝑖𝑛 ~ 6500 km 
𝑎𝑚𝑎𝑥 ~ 8500 km
𝑟𝑝_𝑚𝑖𝑛 ~6500 km

𝑟𝑎_𝑚𝑎𝑥 ~ 8500 km 
𝑒𝑚𝑖𝑛 = 0
𝑒𝑚𝑎𝑥 ~ 0.133

Low Earth Orbit
Altitude: ~200-2000 km



Search of a Swarm for Optimum Point
https://en.wikipedia.org/wiki/Particle_

swarm_optimization

𝐺𝐵

𝑥𝑖
𝑘+1

𝑃𝐵𝑘

𝑣𝑖
𝑘

Particle

Best

Global

Best

𝑣𝑖
𝑘+1

𝑥𝑖
𝑘

𝑥𝑖
𝑘+1 = 𝑥𝑖

𝑘 + 𝑣𝑖
𝑘+1

𝑣𝑖
𝑘+1 = 𝑤𝑣𝑖

𝑘 + 𝑟1𝑐1 𝑃𝐵𝑘 − 𝑥𝑖
𝑘 + 𝑟2𝑐2 𝐺𝐵 − 𝑥𝑖

𝑘
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Particle Swarm Optimization (PSO)

Clerc, M. ve Kennedy, J. (2002)
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Find: Minimum RMS =
ሶ𝜌𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑− ሶ𝜌𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

2

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷𝑎𝑡𝑎

https://en.wikipedia.org/wiki/Particle_swarm_optimization
https://en.wikipedia.org/wiki/Particle_swarm_optimization


෩𝒃 = ሶ𝝆𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛(𝑁𝑥1) − ሶ𝝆𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑(𝑁𝑥1)

𝑨 =
𝛿𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛

𝛿𝑋0
≈

𝑓 𝑋𝑛𝑜𝑚𝑖𝑛𝑎𝑙+𝛿 Ԧ𝑥 −𝑓 𝑋𝑛𝑜𝑚𝑖𝑛𝑎𝑙

𝛿 Ԧ𝑥

𝛿 Ԧ𝑥 = 𝑋𝑛𝑜𝑚𝑖𝑛𝑎𝑙 ∗ 0.01

𝛿𝑋 = 𝑨𝑇𝑾𝑨 −1𝑨𝑇𝑾෩𝒃

𝛿𝑋 = 𝑨𝑇𝑨 −1𝑨𝑇෩𝒃

𝑋𝑛𝑜𝑚𝑖𝑛𝑎𝑙 = 𝑋𝑛𝑜𝑚𝑖𝑛𝑎𝑙 + 𝛿𝑋

𝑋𝑛𝑜𝑚𝑖𝑛𝑎𝑙 = 𝑎0𝑒0𝑖0 Ω0 𝜔0 𝜃0(1)

(2)

(3)

(4)

(6)

(5)

(7)

Vallado, D.A. (1997)
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Differential Correction

Vallado, D.A., Fundamentals of Astrodynamics and
Applications, 4th Edition, Space Technology Library, (1997)
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Results for Artificial Data
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Obtained best Keplerian Elements during the genetic optimization for the ISS.

Data Types 𝑹𝑴𝑺 ൗ𝒌𝒎
𝒔 𝒂 𝒌𝒎 𝒆 𝜴 ° 𝒊 ° 𝝎 ° 𝜽 ° 𝝎 + 𝜽 °

Reference 0 6797.3239 0.0001128 91.0487 51.6401 7.3517 352.7633 0.1150

PSO 23.2622 6839.6043 0 113.9495 64.7159 128.4201 228.7715 357.1917

Absolute Error 23.2622 85.461 0.0001128 22.9008 13.0758 121.0684 123.9918 2.9233

Differential Correction 1.9076 6814.8966 0.002469 93.8964 52.7811 108.3800 254.2681 2.6481

Absolute Error 𝟏. 𝟗𝟎𝟕𝟔 𝟏𝟕. 𝟓𝟕𝟐𝟕 0.0023562 𝟐. 𝟖𝟒𝟕𝟕 𝟏. 𝟏𝟒𝟏 101.0283 98.4952 𝟐. 𝟓𝟑𝟑𝟏

Accuracy
 𝜴, 𝒊, 𝝎 + 𝜽 < 𝟑°
 𝒂 < 𝟐𝟎 km 



Artificial Data 𝑹𝑴𝑺 ൗ𝒌𝒎
𝒔 𝒂 𝒌𝒎 𝒆 𝜴 ° 𝒊 ° 𝝎 ° 𝜽 ° 𝝎 + 𝜽 °

Reference 0 6797.3239 0.0001128 91.0487 51.6401 7.3517 352.7633 0.1150

Gradient 0.0978 6796.4076 0 91.1522 51.6913 152.1694 207.6454 359.8148

Absolute Error 𝟎. 𝟎𝟗𝟕𝟖 𝟎. 𝟗𝟏𝟔𝟑 0.0001128 𝟎. 𝟏𝟎𝟑𝟓 𝟎. 𝟎𝟓𝟏𝟐 144.8177 145.1179 𝟎. 𝟑𝟎𝟎𝟐

Obtained best Keplerian Elements during the gradient optimization for the ISS.

Results for Artificial Data
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Accuracy
 𝜴, 𝒊, 𝝎 + 𝜽 < 𝟏°
 𝒂 <1 km 



Results for Artificial Data

Artificial Data 𝑹𝑴𝑺 ൗ𝒌𝒎
𝒔 𝒓 𝒌𝒎 𝒓𝒙 (𝒌𝒎) 𝒓𝒚 (𝒌𝒎) 𝒓𝒛 (𝒌𝒎) 𝒗 ൗ𝒌𝒎

𝒔 𝒗𝒙 ൗ𝒌𝒎
𝒔 𝒗𝒚 ൗ𝒌𝒎

𝒔 𝒗𝒛 ൗ𝒌𝒎
𝒔

Reference 0 6797.3239 −132.8566 6795.2562 10.0967 7.6586 −4.7518 −0.1025 𝟔. 𝟎𝟎𝟓𝟑

Gradient 0.0978 6796.4076 −123.0483 6795.2718 −17.2382 7.6582 −4.7468 −0.0707 6.0093

Absolute Error 0.0978 𝟎. 𝟗𝟏𝟔𝟑 9.8083 0.0156 𝟐𝟕. 𝟑𝟑𝟒𝟗 𝟎. 𝟎𝟎𝟎𝟒 0.0050 0.0318 0.0040

The comparison of the reference state vectors and the results of the gradient optimization for the ISS.
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Accuracy
 𝒓 < 𝟏 km
 𝒗 < 𝟏 m/s 
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Results for Artificial Data with Different Types of Orbit
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Data Types 𝑹𝑴𝑺 ൗ𝒌𝒎
𝒔 𝒂 𝒌𝒎 𝒆 𝜴 ° 𝒊 ° 𝝎 ° 𝜽 ° 𝝎 + 𝜽 °

ISS
Reference 0 𝟔𝟕𝟗𝟕. 𝟑𝟐𝟑𝟗 0.0001128 91.0487 51.6401 7.3517 352.7633 𝟎. 𝟏𝟏𝟓𝟎

The Best Result 0.0978 𝟔𝟕𝟗𝟔. 𝟒𝟎𝟕𝟔 0 91.1522 51.6913 152.1694 207.6454 𝟑𝟓𝟗. 𝟖𝟏𝟒𝟖

NOAA-19
Reference 0 7229.2044 0.001298 𝟐𝟐𝟗. 𝟏𝟔𝟒𝟓 𝟗𝟗. 𝟏𝟗𝟓𝟕 288.9491 71.1680 𝟎. 𝟏𝟏𝟕𝟏

The Best Result 1.194𝑥10−8 7235.7385 0 𝟐𝟐𝟗. 𝟎𝟗𝟕𝟒 𝟗𝟗. 𝟏𝟕𝟗𝟔 181.7058 179.4342 𝟎. 𝟎𝟏𝟏𝟒

Express 
MD2

Reference 0 𝟖𝟓𝟏𝟖. 𝟎𝟎𝟑𝟑 𝟎. 𝟐𝟐𝟎𝟔 338.5851 49.8869 172.2323 187.8422 0.0745

The Best Result 0.3587 𝟖𝟓𝟏𝟗. 𝟒𝟎𝟖𝟏 𝟎. 𝟐𝟐𝟒𝟎 237.6580 57.2400 243.4523 188.0347 71.4870

Obtained best Keplerian Elements after the optimization process for different orbit types.

 Increasing on the ellipticity decreases accuracy, but eccentricity becomes predictible.
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https://www.heavens-above.com/satinfo.aspx?satid=25397

Pass of The Received Signal
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Obtaining Real Data
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UT (hour)

Frequency (Hz)

Artificial (Therotical) Data
Real (Observed) Data
Calculated Data
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Artificial, Calculated and Observed Frequency-Time Graphs of the GO-32
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Preliminary Results for Real Data
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Gurwin Techsat 1B 𝑹𝑴𝑺 ൗ𝒌𝒎
𝒔 𝒂 𝒌𝒎 𝒆 𝜴 ° 𝒊 ° 𝝎 ° 𝜽 ° 𝝎 + 𝜽 °

Reference 0 7191.0386 0.0000465 170.8631 98.7304 186.0731 174.0447 0.1178

Gradient 0.5694 7150.1339 0 174.5416 90 116.3571 269.9262 26.2833

Absolute Error 0.5694 𝟒𝟎. 𝟗𝟎𝟒𝟕 0.0000465 𝟑. 𝟔𝟕𝟖𝟓 𝟖. 𝟕𝟑𝟎𝟒 69.7160 95.8815 26.27152

Obtained best Keplerian Elements after the optimization process for GO-32.



 Usage of gradient optimization with genetic optimization can give accurate results according to an 

uniformed situation about satellite. 

 Circularity of the orbit increases accuracy of the results.
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Results
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Future Works

Find a better
way to obtain

frequency-time 
data from real
observations

Try different
propagation
methods to

improve
accuracy

More tests with
real data

Check multi-
station or multi-

pass cases

Prepare
repository

OPEN COLLABORATION



Reference
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Thanks!
Questions & Comments
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mfatiherturk@outlook.com

https://imgur.com/gallery/yeGXKVz/comment/34957483


