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Comet Interceptor
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• Comet Interceptor is the first Fast mission designed

by ESA, launch planned for 2029

• Scientific task: interception and exploration of a

Dynamically New Comet to gain information about

the target’s morphology, composition and plasma

environment.

Optical and mechanical analysis and calibration of the EnVisS camera for the Comet Interceptor mission

Comet Interceptor design concept (credit ESA)

S/C A

Probe B2

Probe B1



EnVisS optical axis

• EnVisS (Entire Visible Sky) camera

mounted on Probe B2

• Remote sensing imaging

• Static FoV:       180°×45°     

• Dynamic FoV:  180°×360°

• Goal: study the comet dust properties

and distribution in the visible range

(550-800 nm)

The EnVisS camera

EnVisS optical 

axis
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EnVisS 3D CAD model (credit LDO)

EnVisS dynamic FoV and B2 

spinning motion

EnVisS placement on B2 and its static FoV



• EnVisS (Entire Visible Sky) camera

mounted on Probe B2

• Remote sensing imaging

• Static FoV:       180°×45°     

• Dynamic FoV:  180°×360°

• Goal: study the comet dust properties

and distribution in the visible range

(550-800 nm)

• Uses push-frame technique

• Main components: optical head (OH,

10 lenses), Filter Strip Assembly

(FSA), CMOS detector

The EnVisS camera

EnVisS optical 

axis
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EnVisS main components



Research project - overview
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Schematic configuration of the FSA

Picture of the EnVisS BB OH and ray-tracing along the optical head to 

the sensor (credit LDO)

• Opto-mechanical characterization of the

BreadBoard (BB) components of the EnVisS

camera (collaboration with CNR-IFN)

→ Optical Head (OH)

→ Filter Strip Assembly (FSA)

• Realization of a detailed radiometric model

for the EnVisS camera

→ Estimation of the Signal to Noise Ratio

(SNR), collaboration with the Instituto de

Astrofisica de Andalucia

• Tests and analysis on EnVisS Proto-Flight

Model in collaboration with the Leonardo

SpA team



Second year activities
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Schematic configuration of the FSA

Picture of the EnVisS BB OH and ray-tracing along the optical head to 

the sensor (credit LDO)

• Opto-mechanical characterization of the

BreadBoard (BB) components of the EnVisS

camera (collaboration with CNR-IFN)

→ Optical Head (OH)

→ Filter Strip Assembly (FSA)

• Realization of a detailed radiometric model

for the EnVisS camera

→ Estimation of the Signal to Noise Ratio

(SNR), collaboration with the Instituto de

Astrofisica de Andalucia

• Tests and analysis on EnVisS Proto-Flight

Model in collaboration with the Leonardo

SpA team



Carmen Naletto Optical and mechanical analysis and calibration of the EnVisS camera for the Comet Interceptor mission 7

Qualification test on the adhesive 
joints of the Filter Strip Assembly



Filter Strip Assembly
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Schematic configuration of the FSA (credit LDO)

Supporting structure

Filters block



Qualification test – experimental
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Schematic configuration of the FSA (credit LDO)

Shear test schematic configuration (credit LDO)

• A fused silica filter block has been glued to

the supporting structure with Ec9323-2

adhesive material

• Each sample has been inserted into a

dedicated mechanical holder where a shear

load has been applied

• When the sample breaks, load and

displacement are registered

• Test performed on 20 samples

Goal: ensure that the adhesive between the FSA and the supporting structure withstands 

the loads generated during the launch



Qualification test – simulation
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Multi-point constraints with 

boundary condition to limit the 

three translational DoF

Distributed unitary force 

Supporting aluminum 

structure

Fused silica filter block    

(1×15×15 mm3)

Ec9323-2 adhesive joints 

(1×0.7×8.3 mm3)

Total elements: 26337 (Penta and Hexa) 

Total nodes: 32035

Finite Element Analysis 

(Patran-Nastran)

Linear static analysis to 

simulate the effect of the 

load induced by the 

punch on the system



Qualification test – main results

Normal stress in the Z direction acting on the filters

Adhesive Ec9323-2 B/A → 𝜏𝑙𝑖𝑚𝑖𝑡 = 30 𝑀𝑃𝑎

Under a 𝐹 1 = 1 𝑁 → 𝜏𝑋𝑌_𝑚𝑎𝑥 = 0.04 𝑀𝑃𝑎

Linear Model → 𝐹𝑚𝑎𝑥 =
𝜏𝑙𝑖𝑚𝑖𝑡

𝜏𝑌𝑋_𝑚𝑎𝑥
𝐹(1) = 740.74 𝑁

XY component of the stress tensor 

acting on one of the adhesive layers

Von Mises stress distribution on the analyzed system

Aluminum 6082 T6 → 𝜎𝑦𝑖𝑒𝑙𝑑_𝑙𝑖𝑚𝑖𝑡 = 290 𝑀𝑃𝑎

Under a 𝐹 1 = 1 𝑁 → 𝜎𝑉𝑀_𝑚𝑎𝑥 = 1.28 𝑀𝑃𝑎

Linear Model → 𝐹𝑚𝑎𝑥 =
𝜎𝑦𝑖𝑒𝑙𝑑_𝑙𝑖𝑚𝑖𝑡

𝜎𝑉𝑀_𝑚𝑎𝑥
𝐹(1) = 226.56 𝑁

Fused Silica → 𝜎𝑏𝑒𝑛𝑑𝑖𝑛𝑔_𝑙𝑖𝑚𝑖𝑡 = 52.4 𝑀𝑃𝑎

Under a 𝐹(1) = 1 𝑁 → 𝜎𝑍_𝑚𝑎𝑥 = 0.584 𝑀𝑃𝑎

Linear Model → 𝐹𝑚𝑎𝑥 =
𝜎𝑏𝑒𝑛𝑑𝑖𝑛𝑔_𝑙𝑖𝑚𝑖𝑡

𝜎𝑍_𝑚𝑎𝑥
𝐹(1) = 89.73 𝑁
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First component to fail is the fused 

silica block → the system fails 

before the bonding zone is 

damaged



Qualification test – main results
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𝜏𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑_𝑚𝑒𝑎𝑛 = 1.87 𝑀𝑃𝑎 ≪  𝜏𝑙𝑖𝑚𝑖𝑡 = 30 𝑀𝑃𝑎

𝜏𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑 = 𝐹𝑎𝑝𝑝𝑙𝑖𝑒𝑑/𝐴𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 



Qualification test – main results
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𝜏𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑_𝑚𝑒𝑎𝑛 = 1.87 𝑀𝑃𝑎 ≪  𝜏𝑙𝑖𝑚𝑖𝑡 = 30 𝑀𝑃𝑎

𝜏𝑐𝑜𝑚𝑝𝑢𝑡𝑒𝑑 = 𝐹𝑎𝑝𝑝𝑙𝑖𝑒𝑑/𝐴𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑  • The adhesive joints will be 

subjected to a very low shear 

stress with respect to the shear 

strength of the material → the 

bonding component will not fail

• All samples break because of the 

fracture of the fused silica 

filter

The qualification test can be considered successful!
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Estimation of the Signal to Noise 
Ratio (SNR)



SNR Estimation
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• EnVisS best performance is achieved when the images show the highest usable

Signal to Noise Ratio (SNR).

• Define the most suitable observational strategy in terms of the detector binning

and exposure time while getting closer to the target, to have the highest SNR.

Python code

→ Simulation of a comet and its coma (assumptions have been made)

→ Study of the impact of the slope of the dust size distribution, a, and the total dust

production rate, Qd, of the comet coma, for different binnings and exposure times.

→ Definition of the best observational strategy 



Simulator – building blocks
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INPUT PARAMETERS OPERATIONS OUTPUT

• Spice kernels

• Perturbations

• Fisheye camera

• Transmission optics/filters, qeff, PSF, 

bits, gain

• + distortion

• COMA

• Analytical: power law size

distribution

• Numerical density distribution.

• SCATTERING MODEL (λeff)

• Cross section

• Mie

• Input model 

• Moment (from CA), exposure time,

binning, framelet, event (fps)

GEOM MODULE

CAM MODULE

REND  MODULE

• LoS INTEGRATION

OBS  MODULE

PHASE AND 

SCATTERING 

PLANE ANGLES

SIMULATED

OBSERVATION

(SNR)

16



Best observational strategies
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• The analysis has revealed that to have the maximum SNR, a combination of different

binning and exposure times is necessary during the whole flyby period.

• A combination of two different images taken with different binnings or same binning

but different exposure times might be a possible solution to achieve the maximum

SNR possible and recreate almost the entire sky.

Summary of the binning and exposure time to obtain the best coverage of the phase function as a function of the time to

close approach (or distance) for the nominal model considering the uncertainty in the slope of the dust size distribution.



Future activities

Carmen Naletto Optical and mechanical analysis and calibration of the EnVisS camera for the Comet Interceptor mission 18

❑ Opto-mechanical tests of the EnVisS BreadBoard (BB)

optical head and FSA in the CNR-IFN facilities and

simulations with Zemax Optics Studio and COMSOL

Multiphysics

❑ Tests and analysis on the PFM, and Alignment Integration

Test and Verification (AIT/AIV) of the same (collaboration with

LDO)

❑ Continue working on the radiometric model and

implementation on the SNR simulator of the polarization

component (collaboration with IAA)

❑ Thesis writing
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1

1.1 100%

1.1.1 100%

1.2 100%

1.2.1 100%

1.2.2 100%

1.3 100%

2

2.1 80%

2.2 80%

2.2.1 70%

2.3 0%

2.3.1 0%

2.3.2 0%

2.3.3 0%

3

3.1 0%

3.1.1 0%

3.1.2 0%

3.2 0%

3.2.1 0%

3.2.2 0%

4

4.1 70%

4.2 0%

4.3 0%

5

5.1 70%

5.2 0%

T4

01/09/2025

ADMISSION TO

Third year

T2 T3T4

SECOND YEAR THIRD YEAR

T4T1 T2 T3 T1

FIRST YEAR

DATE

Finite Element Analysis simulations

Wavefront distorsion 

Ghost analysis

% OF TASK 

COMPLETE

T1

Radiometric model

Signal to Noise Ratio simulation

T2 T3

Optical design and performance

Opto-mechanical simulations 

Pristine comets' composition 

Study of the EnVisS camera

Fish-eye cameras

Bibliographic research

Study of the Comet Interceptor mission background

Mission objectives and Instruments

PHD STUDENT

PHD THESIS

WBS 

NUMBER
TASK TITLE

Carmen Naletto

Optical and Mechanical Analysis and Calibration 

of the EnVisS Camera for the Comet Interceptor Mission

PhD thesis writing

Filter Strip Assembly transmissivity and reflectivity

Educational activities

Optical simulation

Optical characterization of the Filter Strip Assembly and/or representative samples 

Interferometric tests of the BB optical head

Alignment, Integration, Test and Verification (AIT/AIV)

Calibration

Pre-flight calibration data

Reports/articles writing

Simulations

Optical characterization

Proto-Flight Model

Data Analysis and report

Optical characterization

BreadBoard (BB)



Thanks for the attention



Simulator assumptions

22

Geometrical description:

• Use of spice kernels (by ESA) for which a

flyby around comet 8P

• Close approach distance of 250 km

• Probe B2 spin period of 4 s

Coma characteristics:

• Water production rate of 1e30 molec/s (or 3e4

kg/s)

• Spherical coma

• Dust size distribution from 0.1 μm to 1 mm,

divided in 50 bins*

• Effective wavelength of 656 nm*

• Spherical particles, Mie scattering (n = 1.8+0.1i*)

* Results obtained from previous analysis



Observational strategy – method

23

• Coma brightness and EnVisS observations are affected by a significant uncertainty

• The impact of the slope of the dust size distribution and the total dust production have been tested

• Three different slopes and dust-to-gas ratio have been considered:

→ a = 3.1, 3.5, 4.1

→Qdust / Qgas = 1, 3, 6

Evolution of the SNR as Probe B2 approaches the comet with a coma characterized with a slope of the dust size distribution of -3.1 and dust to gas ratio 

of 3 (left), slope of the dust size distribution -4.1 and dust to gas ratio of 3 (center) and slope of the dust size distribution -3.5 and dust to gas ratio of 6 

(right).
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Useful fraction of the SNR as a function of time to CA  when the slope of the size 

distribution is 4.1 and a dust to gas ratio of 3, by using different binnings and 

exposure times as described in the legend.

• The previous data can be quantitatively

described in terms of the saturated/useful

fraction of phase curve, and how those

fractions evolve with time

• To have the maximum useful fraction, a

combination of different binning and exposure

times is necessary during the whole period of

flyby

• A combination of two different images taken

with different binning or same binning but

different exposure times might be a possible

solution to have the maximum SNR possible

and recreate almost the full sky including all

phase angles

Observational strategy – method
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