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ABSTRACT  

The EventSat mission is a technology demonstration mission of a 6U CubeSat by Technical Uni-

versity of Munich to apply event cameras for resident space object detection. Event cameras are 

asynchronous sensors that detect changes in pixel brightness, providing data updates at a micro-

second temporal resolution with low power consumption. We perform an initial analysis of the 

limiting apparent visual magnitude for the Prophesee EVK4, accounting for parameters like dark 

current, quantum efficiency, and optic aperture diameter. Initial simulations estimate that the sen-

sor will be able to detect visual magnitudes up to 7.7. Then, we perform a parametric analysis 

relating the qualities of different resident space objects like their speed, brightness, and size; and 

the optic qualities of the sensor like its f-number and contrast threshold. This analysis constraints 

the types of detectable space objects for the planned mission. Finally, we discuss the development 

of a single-stage baffle for our event camera. Baffles reduce stray light from nearby bodies, which 

is important for our mission to detect dim objects within its limiting magnitude. We estimate 

initial baffle sizing, and conduct trade-off studies on vane dimension, placings, and exclusions 

angles. These results help define the mission’s pointing and operational requirements. 

1. INTRODUCTION 
 

Ground-observations of space objects are 

limited by atmospheric interference, weather 

conditions, and line-of-sight constraints, re-

ducing their effectiveness for comprehen-

sive space situational awareness. Space-

based observers have the potential to resolve 

some of these limitations, but additional re-

search is required to develop efficient detec-

tion capabilities. 

 

One promising method for space-based ob-

servation involves the use of event cameras. 

Event cameras are a specialized type of cam-

era that use a sensor that can capture very 

fast motions through asynchronous, micro-

second, updates. Event cameras track these 

fast motions by monitoring the variations in 

light intensity within a scene.  Unlike tradi-

tional frame-based cameras, event cameras 
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update pixels asynchronously, with each 

pixel independently detecting changes in 

brightness. When the change in intensity at a 

pixel exceeds a predefined threshold, an 

event is generated, capturing the pixel’s lo-

cation, timestamp, and polarity of the change 

[1]. Because events are triggered only by 

changes in brightness in a scene, most pixels 

remain inactive when imaging the night sky; 

suggesting event-based systems for space 

applications will have lower power con-

sumption and data throughput than tradi-

tional cameras. To formalize these potential 

benefits, there is a need to develop additional 

algorithmic and processing architectures 

compatible with event-based sensing. 

 

    This work aims to analyze the constraints 

and operational context of event-based sens-

ing for CubeSat platforms. In this paper, we 

use EventSat as a representative mission for 



analysis. EventSat is a 6U CubeSat by the 

Technical University of Munich designed to 

demonstrate the effectiveness of event cam-

eras for space-based observation of stars, 

satellites, and other space objects [2].  Using 

a 4th generation commercial off-the-shelf 

event camera, the CubeSat will collect 

space-based observations of the night sky 

and demonstrate artificial intelligence algo-

rithms for space object detection.  

 

     In this work, we present the design and 

development process of the EventSat pay-

load. In Section 2, we provide an overview 

of the overall spacecraft design, mission 

concept of operations, and mass and power 

budgets. In Section 3, we delve deeper into 

the payload design and present the initial 

study evaluating the theoretical detection ca-

pabilities. Then, in Section 4, we present our 

parametric analysis comparing resident 

space object characteristics and the optics 

characteristics of our payload. Using the siz-

ing constraints derived by our parametric 

study, we present the optic and baffle design 

in Section 5. Finally, Section 6, contains a 

summary of the work completed thus far and 

a discussion of the remaining work needed 

to bring the project to completion. In this pa-

per, we show maturation of the EventSat 

payload design, and significant progress to-

wards integration and testing of the flight 

payload.  

 

2. CUBESAT OVERVIEW 

   
EventSat relies on two 3U Solar panels, and 

two 6U solar panels on the exterior of the 

spacecraft for power generation. Addition-

ally, the planned electrical power system 

(EPS) design features two Lithium-Ion bat-

teries for energy storage. For communica-

tions (TT&C), the satellite uses UHF and S-

band transceivers and antennas to communi-

cate with ground. An onboard computer 

(OBC) will control all transitions between 

different operational modes of the space-

craft. The attitude determination and control 

system (ADCS) is composed of 4 reaction 

wheels, a three-axis magnetorquer, a star 

sensor, two sun sensors and a three-axis 

magnetometer. The payload design relies on 

a Nvidia Jetson Orin Nano for computing 

and observation data storage. Additional de-

tails about the payload specifications can be 

found in Section 6. A heat sink and mount 

attached to the Nvidia Jetson Orin Nano is 

used for thermal control. 

 
Concept of Operations 

 
Figure 1: Interaction Between Different 

Concept of Operations Modes 

After successful deployment from the Cu-

beSat deployer into a Sun Synchronous Or-

bit, EventSat will enter a detumbling mode 

where the spacecraft dumps excess angular 

momentum and stabilizes the orientation of 

the spacecraft. Following detumbling mode 

EventSat enters Charging. From there 

EventSat can enter three further modes: (1) 

observe mode, (2) process mode and (3) 

communication mode. If there is a fault in 

any of these modes, EventSat will enter a 

safe mode for troubleshooting. 

 

Charging mode serves to replenish the bat-

teries and restore the spacecraft to power and 

thermal equilibrium. This mode orients 

EventSat so that the solar panels are faced 

towards the sun to maximize power genera-

tion across multiple faces. In observe mode, 

the event camera is turned on and records 

event data. Observe mode orients EventSat 

such that the event camera points radial, so 

that the payload can fulfill the imaging mis-

sion requirements. Process mode serves to 

post-process the event data and integrate it 

with other spacecraft information for down-

link. Process mode puts EventSat in the 

same orientation as charging mode. Commu-

nication mode is used for EventSat to down-

link telemetry and observation taken from 

the event camera to the ground station, and 

to receive telecommands sent from the 

ground. This mode orients EventSat such  

that the UHF and S-band antennas point na-

dir. 



 
Mass and Power Budget 
 

Full details of the subsystem masses and 

contingencies are included in Table 1. Con-

tingencies were added to account for addi-

tional interfaces (e.g. wiring, connecting 

supports) that have not yet been modelled at 

this stage of design. Even with these addi-

tional mass contingencies, the total projected 

mass of the satellite is still less than the mass 

requirement of 7980 grams [3]. The TT&C, 

EPS, and OBC subsystems were allocated 

small contingencies due to their interfaces 

being at a more advanced stage in design 

than other subsystems. 

Table 1: EventSat Mass Budget 

System Mass 

Frac-

tion 

(%) 

Mass 

(g) 

Con-

tin-

gency 

(%) 

Mass + 

Contin-

gency  

(g) 

ADCS 9.1 615 20% 738 

Pay-

load 

22.6 1537.1 20% 1844.5 

OBC 1.9 130 10% 143 

EPS 42.1 2855.3 5% 2998.1 

TT&C 8.9 603.9 10% 664.3 

Ther-

mal 

0.7 48 20% 57.6 

Struc-

ture 

14.7 1000 20% 1200 

Total  100 6789.3 -- 7645.5 

 Table 2 contains the preliminary power con-

sumption estimations for the power budget 

for EventSat. Communication mode results 

in the highest power consumption for the 

mission, followed by observation mode. Alt-

hough both modes consume significant 

power, they are designed to occur for only 

brief periods each day. As a result, we esti-

mate  the EPS subsystem will be able to ef-

fectively compensate via charging mode and 

ensure that all subsystems remain powered 

and planned mission operations can continue 

without interruption.  
 

3. PAYLOAD DETECTABILITY 

STUDY 

 

To determine the camera’s ability to detect 

objects of varying brightness, we calculated 

the limiting magnitude threshold for several 

proposed lens apertures. The limiting mag-

nitude threshold defines the faintest apparent 

visual magnitude detectable by the event 

camera payload. Objects dimmer than the 

limiting apparent visual magnitude will not 

be seen by the event camera. Apparent visual 

magnitude is dependent on the observed flux 

of an object, Φ, relative to the flux of some 

reference star of known magnitude, Φ0 . Us-

ing the A0 Vega star as a reference, with 

magnitude m0 [4], and a range of target vis-

ual magnitudes, m, we calculated the corre-

sponding flux incident on the sensor.  

Φ = Φ010−
𝑚−𝑚0

2.5           (1) 

Then, we use convert the flux, Φ and meas-

ured in 𝑊𝑚−2𝑛𝑚−1 , into the number of de-

tected photons per second N using Planck’s 

relation (𝐸 = ℎ𝑐/𝜆) and Equation 2. The to-

tal number of photons, N, is determined 

Table 2: EventSat Power Consumption  

ConOps 
Mode 

Case OBC 
(W) 

TT&C 
(W) 

ADCS 
(W) 

Payload 
(W) 

EPS 
(W) 

Total 
(W) 

Observe Sun 0.40 0 2.86 11.5 3.18 17.94 

Eclipse 0.40 0 2.52 11.5 3.13 17.55 
Communica-
tion 

Sun 0.40 15.7 12.32 0 5.23 33.65 

Eclipse 0.40 15.7 11.97 0 5.17 33.24 

Processing Sun 0.40 0 2.86 7 2.51 12.77 

Eclipse 0.40 0 2.52 7 2.45 12.37 

Charging Sun 0.40 0 2.86 0 1.46 4.72 

Eclipse  0.40 0 2.52 0 1.40 4.32 
Safe Sun 0.40 4.5 2.59 0 2.09 9.58 

Eclipse 0.40 4.5 2.59 0 2.09 9.58 

Detumbling Sun 0.29 0 1.25 0 1.12 2.66 

Eclipse 0.29 0 0.90 0 1.14 2.33 

 



based on the event camera’s collecting area, 

the filter bandpass, w, the aperture area, A,  
and the quantum efficiency of the camera, 

𝑄𝐸 . 

𝑁 = (Φ/E) ∙ 𝐴 ∙ QE ∙ 𝑤    (2) 

To estimate the signal received by the cam-

era, we determine how many photons fall on 

each pixel by distributing the total photon 

count over the expected pixel footprint of an 

A0 star, 𝛽 . This per-pixel photon count is 

called by the integration time, to obtain the 

signal, as shown in Equation 3.  

𝑆 = (𝑁/𝛽) ∗ 𝑡            (3) 

The total noise in the event camera is calcu-

lated via Equation 4. 

𝜈 = √𝜈𝐷𝑁
2 + 𝜈𝑅𝑁

2 + 𝜈𝑆𝑁
2      (4) 

The square root of the signal, S, gives the 

shot noise, 𝑣𝑆𝑁 . The readout noise, 𝜈𝑅𝑁 , is 

dependent on the charge conversion effi-

ciency, CCE, and the standard deviation of 

the pixel signal, 𝜎. 

𝜈𝑅𝑁 =
𝐶𝐶𝐸 𝜎

√2
                (5) 

The dark noise, 𝜈𝐷𝑁 , is derived from the dark 

current, which is measured by taking dark 

frames with a thermal control system. Based 

on performance data from comparable imag-

ing systems [5], the dark current, 𝑖𝐷𝑁 , has 

been approximated as 1.095 e-/s .  

𝜈𝐷𝑁 = √𝑖𝐷𝑁 𝑡              (6) 

Using these noise estimates, we can calcu-

late the signal-to-noise ratio, SNR, of the 

event camera, as shown in Figure 2.  

 
Figure 2: Limiting Visual Magnitude 

A positive SNR value can be considered a 

general indication of increased likelihood of 

star detection; however, the actual detection 

probability depends on factors such as false 

alarm rates, and signal processing algo-

rithms, which are beyond the scope of this 

paper. Thus, Figure 2 should be considered 

in this context. We evaluate three possible 

aperture diameters, d, of 5,7, and 9 centime-

ters. As suggested by Eq. 2, the larger the ap-

erture, the more photons that can arrive to 

the image sensor, thereby improving detect-

ability.  However, due to the constraints of 

the CubeSat form factor, we are limited to a 

maximum aperture diameter of 9 cm. This is 

an upper bound that represents the best-case 

scenario. While a larger aperture would be 

ideal for improved sensitivity, practical con-

siderations such as available space and other 

components inside the CubeSat impose strict 

physical limitations.  

 

The intersection of the SNR slope curve with 

the 0 value indicates the limiting magnitude 

for different aperture values. This corre-

sponds to magnitudes of 6.27, 7.07 and 7.68 

for the apertures considered. As a bench-

mark, commercial star trackers typically 

have limiting magnitude thresholds around 

6, which enables them to detect sufficient 

stars in their field of view for reliable attitude 

determination [6]. These initial limiting 

magnitude threshold calculations serve to 

validate the theoretical feasibility of event 

camera space object detection.  We used 

rough approximations for dark current, 

charge collection efficiency, which may in-

troduce some uncertainty into the results. 

Additionally, true flux calibration spans 

multiple spectral bands; thus actual event 

camera performance could be underesti-

mated as contributions from wavelengths 

outside of the visible range are not accounted 

for. Future iterations of this analysis will de-

velop more realistic noise modeling and 

evaluate the impact of these additional 

wavelength bands. It is important to note that 

the event camera exhibits peak quantum ef-

ficiency within the visible spectrum, and as 

such, this analysis captures the dominant 

spectral contribution to the signal. 
 
4. PIXEL RESPONSE PARAMET-
RIC ANALYSIS 

 
Accurate predictions of the event cameras 

sensitivity require a more detailed analysis 

that accounts for the pixel architecture. A 

pixel within an event camera has three 

stages: a logarithmic photoreceptor, a 

change amplifier, and a comparator stage 



[7]. A simplified version of this circuit de-

sign is shown in Figure 3.   

 

First, the photoreceptor converts incoming 

light or photons into an electrical signal. As 

light strikes the photoreceptor, it excites 

electrons, creating charge carriers that pro-

duce a photocurrent. The magnitude of the 

photocurrent is directly related to the inten-

sity of the incoming light, making it an ef-

fective metric to evaluate the dynamic range 

of the proposed event camera and optics sys-

tem. 

 
Figure 3: Pixel Circuit Design 

After the photoreceptor, a change amplifier 

converts the generated photocurrent into an 

output voltage (Vp). This voltage is useful 

for  understanding the amplitude of the accu-

mulated signal, to determine the detection 

thresholds possible with the camera. 

 

In the comparator stage, the voltage signal is 

continuously monitored and compared to a 

reference level stored in analog memory, 

corresponding to the signal level of the last 

reported event [7]. An event is generated 

when the log intensity increases or decreases 

by a tunable global threshold value. This 

event is recorded and read off the chip by the 

peripheral circuits [7]. Following the event 

reporting, the pixel enters a refractory pe-

riod, during which it ignores further signal 

changes until its reference level is reset; after 

this reset, the pixel resumes monitoring and 

reports subsequent changes relative to the 

updated reference.  

 

Using the theoretical event pixel model de-

veloped by [7], we performed a parametric 

study to evaluate the performance limits of 

our proposed event camera and optics sys-

tem. Table 3 contains the key assumptions of 

our model. The parametric study considers 

that the point spread function (PSF) passes 

through the center of the single pixel. 

Table 3: Key Assumptions 

Background  20 m/arcsec2 

ON threshold 0.2 

OFF Threshold 0.8 

Bandwidth 1K 

Refraction period 5ms 

Array Size 5 

Focal length 35 mm 

F-number 1.8 

First, we delved deeper into the pixel’s sen-

sitivity to objects of different magnitudes. 

 
Figure 4: Visual Magnitude Impact on Photo-

current 

 
Figure 5: Visual Magnitude Impact on 

Change Amplifier 

 
Figure 6: PSF Impact on  Photocurrent 

 
Figure 7: PSF Impact on Change Amplifier 

 



Figures 4 and 5 demonstrate the results for a 

resident space object (RSO) with a point 

spread function of 1, and a speed of 15 

arcsec/s. Lower visual magnitudes corre-

spond to brighter objects, and subsequently 

larger peak photocurrents and change ampli-

fier magnitudes. When looking beyond the 

comparator stage and towards actual gener-

ated events, the event camera optics gener-

ates events for visual magnitudes 3 and 7, 

but not for 10.  

 

This means that an object with a visual mag-

nitude of 10 is not visible for the sensor. Ap-

plications for space situational awareness 

deal in particular with scenarios involving 

dim lighting conditions and low contrast. 

One possible approach to detecting objects 

with higher visual magnitudes is to further 

reduce the threshold settings for event gen-

eration. For the presented case - even at the 

lowest possible bias setting of the tool, no 

events are generated. Another way of in-

creasing the photocurrent is by decreasing 

the PSF, which will be described next. This 

would fundamentally alter the object's prop-

erties, meaning it could no longer be consid-

ered the same object. 

 

Next, we evaluate the impact of point spread 

function size on the pixel response. The 

point spread function, describes how a point 

source of light, like a star, is spatially distrib-

uted on the image sensor due to diffraction 

and optical aberrations. Figures 6 and 7 

show the impact of PSF size on the photo-

current generation and change amplifier re-

sponse for a RSO with visual magnitude 7, 

and speed of 15 arcsec/s. For smaller PSF 

parameters, there is more photocurrent gen-

erated. However, the generation interval it-

self is smaller, indicating a smaller period 

where the PSF is registered by the sensor. A 

similar trend occurs with the PSF and the 

change amplifier input; the smaller the PSF 

value, the more concentrated the change am-

plifier input. Unlike the photocurrent, the 

change amplifier curves exhibit a noticeable 

asymmetry at smaller PSF values. This 

asymmetry can be attributed to increased 

sensitivity to noise and potential non-linear-

ities in the amplifier response. 

 

Finally, we evaluated the impact of speed on 

the pixel response. We evaluated the impact 

of speed on a bright object of visual magni-

tude 3 and PSF of 1. Table 4 shows the com-

parison of different speeds on resultant pho-

tocurrent.  

Table 4: Impact of Object Speed on Resident 

Space Object Detection 

Speed 

(arcsec

/sec) 

Peak Pho-

tocurrent 

(fA) 

Peak 

Time 

(s) 

Photo-

current 

Stand-

ard De-

viation 

1.8 11.83 56.26 4.07 

15.0 11.83 6.75 4.58 

100.0 11.83 1.01 4.31 

200.0 11.83 0.51 4.35 

An object of visual magnitude 3 will gener-

ate the same peak photocurrent, regardless of 

speed. However, the duration of the signal 

varies significantly, as shown by the relative 

peak positions.  These results are intuitive, 

as slower objects will remain in the camera’s 

field of view for a longer duration, causing 

their signal to build up more gradually and 

take more time to reach its peak.   
 
5. PAYLOAD MECHANICAL DE-
SIGN  
   

To block stray light from entering the cam-

era, we have also designed a baffle to en-

hance image contrast and signal fidelity. 

Baffles are mounted around the lens and 

camera assembly, extending outward to pre-

serve the field of view. Key design parame-

ters are listed in Table 5. 

Table 5: Baffle Design Constraints 

The tuna can refers to the maximum cross-

sectional size available for payload compo-

nents, typically reserved for deployable ex-

ternal facing hardware. By using this availa-

ble space for the baffle, we can increase the 

available space for the optics, thereby im-

proving the camera sensitivity. To determine 

Sun Exclusion Angle 34° 

Internal Pupil Diameter 15 mm 

Camera Effective FOV 28.1° 

Tuna Can Inner diameter 93 mm 

Tuna Can Depth 78 mm 



the baffle specifications, we applied the ge-

ometric modeling techniques outlined in 

Rohrbach’s analytical framework for baffle 

design [8].  

 

To identify an optimal baffle configuration, 

three design iterations were carried out—

each varying in sun exclusion angle, vane 

count, annular depth, and overall dimen-

sions. The goal was to maximize stray light 

rejection while staying within the mechani-

cal constraints of the tuna-can volume and 

avoiding excessive design complexity. 

 

Table 6 summarizes the evaluated parame-

ters and outcomes for each configuration. 

Ultimately, Iteration 2 was chosen as the fi-

nal design. We aimed to maximize the sun 

exclusion angle when possible, as the sun 

exclusion angle is the minimum angular dis-

tance between the optic line of sight and the 

sun. Iteration 2 also fit within the available 

tuna-can depth available for the baffle, and 

did not introduce additional unnecessary 

complexity. By accommodating six vanes 

and a baffle length of 70.71 mm, this config-

uration provided robust stray light attenua-

tion while still allowing for safe manufactur-

ing tolerances and mechanical integration. It 

also leveraged the maximum usable outer ra-

dius within the tuna-can, further enhancing 

its effectiveness against off-axis light intru-

sion. 

 

The relatively large sun exclusion angle of 

the baffle introduces operational imitations. 

Specifically, it defines a conical region 

around the optical axis into which the Sun 

must not enter in observation periods. This 

constrains the satellite’s permissible point-

ing directions and may limit imaging oppor-

tunities when targets lie close to the Sun’s 

apparent position. In this way, the exclusion 

angle is not only a geometric outcome but 

also a strategic design parameter that ties to-

gether optical, mechanical, and operational 

considerations.  

 

Figure 8 shows the final selected baffle de-

sign, emphasizing the slenderness of the 

vanes, a direct consequence of employing 

Rohrbach’s adjusted recursive equations for 

stray light mitigation [8]. From a theoretical 

perspective the thin vane structure mini-

mizes stray light, but the practical imple-

mentation introduces considerable manufac-

turing challenges. The expected fabrication 

tolerances of  ±0.25 mm require careful ma-

chining. Furthermore, precise vane height is 

crucial as variations from intended dimen-

sions carry significant risks. If the vanes are 

too tall, they might intrude into the optical 

path, leading to unwanted vignetting and 

data loss. Conversely, shorter vanes compro-

mise the baffle’s effectiveness in blocking 

Table 6: Summary of Baffle Design Iterations 

Parameter Iteration 1 Iteration 2 (Selected) Iteration 3 

Annular Depths (Jb/ Jt)  13 mm / 10 mm 12 mm / 6 mm 8 mm / 4 mm 

Outer Radius 44.685 mm 44.6965 mm 42.409 mm 

Exclusion Angle 35° 34° 32.5° 

Baffle Length 66.67 mm 70.71246 mm 77.56 mm 

Number of Vanes 4 6 9 

Outcome 

Fewer components 

and a shorter design, 

but inadequate stray 

light suppression. 

Achieves a strong bal-

ance between effective 

stray light control and 

adherence to geomet-

ric constraints. 

Offers enhanced 

stray light rejection 

but adds complexity 

and tight tolerances 

for assembly. 

 

Figure 8: Baffle Design 



stray light and reducing internal reflections. 

The baffle is fixed to the lens via a C-mount. 

Future iterations of the payload design will 

develop interfaces to fix the baffle/lens sys-

tem onto the CubeSat rods. 

 

6. CONCLUSION 

 
This paper has provided an update on the de-

velopment of the EventSat mission. We have 

provided mass and power budgets for the 

current design phase. Through detailed anal-

yses, including a limiting magnitude estima-

tion and parametric studies of both object 

and sensor characteristics, this paper has de-

fined the operational boundaries for object 

detectability. The parameter study revealed 

that objects with visual magnitudes of 3 and 

7 generate events, while objects with a visual 

magnitude of 10 do not produce any events 

and are therefore not detectable by the cam-

era.  

 

Additional work is required to validate the 

baffle’s performance for integration into a 

CubeSat platform. Future work will focus on 

structural and environmental testing to en-

sure mechanical integrity under launch and 

orbital conditions. To quantify the baffle’s 

effectiveness against scattering and internal 

reflections stray light analysis will be per-

formed. A support frame must be designed 

to mechanically interface the baffle and lens 

assembly with the CubeSat’s structural rods. 

The combined baffle-support system will 

undergo structural, vibrational, and thermal 

analyses. These efforts are critical to advanc-

ing the current design from a theoretical 

model to a fully flight-qualified subsystem 

capable of supporting high-fidelity imaging 

in space. 
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