
1

Mega-constellation photometry 



Courtesy: Prof. Patrick 

Seitzer, UMICH

19 Starlinks

~4 sec

4 x moon 

diameter

Starlinks

observed 

not 

intentionally

2019-Nov-18  0800 UT

NSF Blanco 4.0-m 

telescope

Cerro Tololo, Chile

02/05/2023

Light pollution from starlink



Starlink observations

Range vs.magnitude



Starlink observations 
Magnitude vs phase angle
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Magnitude vs Nadir Angle, different phase angles

Starlink observations 

Starlinks result less bright than Lambertian spheres



Observation system and overview of the collected data

Starlink observations visorsat

Lens diameter 250 mm

Focal length 1200 mm

Field of View 1.73° x 1.15°

Optical sensor CCD

Mount type Equatorial

SCUDO Filter N frames VisorSat Mean Magnitude

Red 148 25 8.2350

Green 98 33 8.1607

Blue 103 29 8.3335

No filter 111 24 8.2128

Non-VisorSat Mean magnitude

123 7.0129

65 7.2251

74 7.0519

87 7.2259
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Starlink photometric observations
Comparison between magnitudes of VisorSat and non-VisorSat Starlinks
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Abstract 

The new space era we are living in is experiencing the large scale spread of the satellite mega-constellations. 

With the deep launch cost reduction occurred throughout the last two decades, space private companies are currently 

designing constellations made up by thousands of small, low-cost satellites which are going to be placed in a well-

defined region of the Low Earth Orbit (LEO). Alongside the risks related to the heavy overcrowding of a region 

which is also exposed to the space debris problem, such satellites have a highly negative impact on astronomical 

research and space surveillance, both from the amatorial and professional point of view. Considering a long-time 

exposure image or a satellite tracking, which can last minutes, the probability to capture one of these satellites is 

increasing year after year. In this context, the Sapienza Space Systems and Space Surveillance Laboratory (S5Lab) 

organized an intensive observation campaign concerned with the Starlink satellites, in order to investigate the effects 

of the solutions realized by SpaceX to face the problem of the light reflection mitigation. The observations were 

performed using Red, Green and Blue (RGB) filters and were focused on the comparison between satellites equipped 

or not equipped with the VisorSat system, an array developed by SpaceX to reduce the amount of Sun light reflected 

by the Starlinks. Details will be provided concerning the entire optical system used to carry out the observation 

campaign; then, a step-by-step description of the image analysis software will be shown. In a nutshell, the developed 

software permits to realize a complete photometric characterization of the satellites, obtaining their luminous 

intensity and the associated magnitude. Such results will be used to find out the actual anti-reflection effect brought 

by VisorSat and correlated to the used filters. The purpose of this paper is producing an accurate photometric 

analysis of the Starlinks in various colour bands and to prove the efficacy of VisorSat, in such a way to provide to the 

community an all-around characterization of the Starlinks reflection pattern, highlighting the increasingly significant 

problem connected to the light pollution of the near-Earth environment. 
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Acronyms/Abbreviations 

 

RA – Right Ascension 

DEC – Declination 

SCUDO – Sapienza Coupled University Debris 

Observatory 

NORAD – North American Aerospace Defense 

Command 

 

1. Introduction 

The enormous launch cost reduction that has 

occurred over the years has made it easier to access 

near-Earth orbit now than it was in the previous past. 

[1]. Mega constellations of satellites have been 

developed in the new era of the space economy and are 

being used by private companies to provide a variety of 

services to clients worldwide. [2]. Up to this point, the 

largest project has been SpaceX's Starlink, which has 

launched about 2800 satellites into Low Earth Orbit 

(LEO) and aims to reach the considerable number of 

42000 units [3]. Astronomers have been extremely 

concerned since the initial launch of Starlink satellites 

about the problems brought on by massive quantities of 

satellites to ground-based astronomy [4]. These 

satellites' operational height of 550 km may have a 

detrimental effect on astronomy research since they 

interfere with astronomical observations, resulting in 

compromised expected data [5]. Astronomers have to 

face significant challenges as a result of this, in addition 

to the significant light pollution brought on by inhabited 



Starlink observations orbital assessment
TLE tracking

• in orbit raising and satellites in atmospheric re-entry

• Study on the impact of the mega-constellations on the night sky

2023 BOXSCORE

Starlink observed 34

Number of observations 51

Descending phase 23

Ascending phase 28

Measurements 25000+

Filter V-Johnson (peak 540 nm)



Starlink observations orbital assessment
Constant/Descending phase in TLE tracking

46674 – 2023/02/14

46570 – 2023/03/18



Starlink observations orbital assessment
Raising phase in TLE tracking

55760 – 2023/04/26

56138 – 2023/04/26



Oneweb observations 
phase angle vs. magnitude
Collaboration with University of Michigan

47265 – 2022/08/13 45445 – 2022/08/13 45143 – 2022/08/13



ARM4NDO

Involve laboratory facilities 

Light curve inversion: 
processing simulations data for 
associating brightness values to 

attitude initial condition

Generation of a light curve 
wrt satellite attitude:

(φ, θ, ψ) → brightness

Satellite attitude variations
during a simulated scenario 

using the robotic arm

Phase angle



Arm for Near Distance Observations

1. Attitude reconstruction from light curve

Satellite attitude variations during a real passage

simulated using the robotic arm

2. Support the design of low impact satellites for

the reduction of light pollution

The realization of a reflection model before launch

permits to implement mitigation actions in order to

prevent excessive brightness for constallations such

as IRIDE, Starlink and OneWeb

ARM4NDO

Involve laboratory facilities 



Involve laboratory facilities 
Test



Involve laboratory facilities 
Test

Arch at 180°, Light at 45°Arch at 90°, Light at 45°Arch at 0°, Light at 45°



Conclusion

o Mega-constellations poses a serious space sustainability risk

o New standards and guidelines are being studied from different institution

o Paramount importance of satellites in mega-constellation for:

• Evaluating effectiveness of mitigation systems (paints, visors, maneuver…)

• Evaluating polluting effects on different bands (optical, infrared, microwaves…)

• Evaluate the effects of different observation geometries, distance and phase angle

• Evaluate new design solutions to mitigate polluting effects through ground characterization (lab 
measurements)

- Using lab facilities to produce experimental light curve could be useful - digital twin 

seems not to be enough accurate or needs to be validated from experimental data   

- Measurements of Mega constellations target are easy to obtain

- Exctracting reliable informatons for Megaconstellations is not trivial –strong 

effect from geometry, satellite design updates and orbital phase

- Different constellation could have different behaviour
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